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Abstract 

This project was developed in collaboration with West Coast Aquatic (WCA) and 

stakeholders of the seven  Salmon Roundtables (SRTs), currently engaged in fisheries 

co-management on the West Coast Vancouver Island (WCVI). The Federal Department 

of Fisheries and Oceans (DFO), has revised its Wild Salmon Policy (WSP) to focus on 

increasing collaboration, identifying environmental indicators, and developing science-

based tools, to support the recovery of salmon along the coast. With the SRTs having 

committed to the rebuilding of wild chinook populations, there is an opportunity for 

Geographic Information Systems (GIS) to aid in them. Presently, the Marine Ecosystem 

Reference Guide (MERG), stands as an open source web portal tailored to the unique 

geographic region of the WCVI. With a consensus among stakeholders that GIS can 

enhance decision-making, there is an eagerness to integrate it into their participatory 

processes. Therefore, in support of WCA’s desire to see the adoption of MERG by the 

SRTs this research took a two-part approach to explore how GIS can support place-

based decision-making. First, a review of the current use of GIS-based decision support 

tools (DSTs) applied to salmon management was done to understand their role and the 

applicability of MERG. With research having shown that the adoption of these tools are 

limited both by resource and capacity barriers and that their uptake is contingent on the 

perceived level of useability and satisfaction of each user, this research engaged in 

structured interviews to directly incorporate evidence from SRT participants, regarding 

these barriers and how to improve distributed data platforms. This information was used 

to guide recommendations for enhancing MERG’s data repository and identifying ways 

its’ use could overcome these challenges. Having addressed data access, the second half 

of this research, looked at data application. In the absence of data, theoretical modeling 

has been shown to be applicable for the identification of key environmental indicators, 

such as critical habitat. With its identification considered vital to restoring and 

protecting salmon along the WCVI, the second half of this research investigated the 

spatial modeling capacity of GIS, to identify suitable habitat for key Indicator Species 

(IS), known to provide critical nearshore habitat and food for juvenile chinook. Overall, 

the results of this research found that the approachability of web-GIS, such as MERG, 

are able to remove barriers to the use of GIS, aid with the identification of critical 

salmon habitats, and provide a common approach for salmon-recovery stakeholders to 

realize their shared goals of preserving and rebuilding at risk wild salmon stocks.  
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Preamble 

Improved decision making in resource management is contingent on data accessibility by 

decision-makers. With the value of incorporating stakeholder knowledge into the decision-

making process having been heavily reviewed in the literature, most research noted that its 

application was primarily limited to the initial consultation stage, rather than incorporating it into 

the final implementation stage. As conventional top-down governmental control over fisheries 

shifts to more participatory institutions, the definition of knowledge is expanding and there is a 

need to register and standardize these new forms. As such, there is a growing use of geospatial 

data and technologies by stakeholders, looking to legitimize this information in support of their 

new roles and responsibilities in resource management (Elwood, 2008). Commonly being 

appointed with overseeing a localized marine area or resource, the spatial data needs of these 

participatory governance bodies, are often as unique as the particulars of their organizational 

infrastructure. This has increasingly led to a mismatch between their data needs and data 

availability (Elwood, 2008). As government data sharing is often plagued with proprietary 

issues, these newly formed governance groups are increasingly seeking information through 

alternate avenues. With the growth of the internet having seen global information services 

become progressively distributed, this has led to users increasingly engaging in the development 

of their own spatial data, storage infrastructures and data sharing agreements (Elwood, 2008).  

However, barriers to their development are often disproportionately experienced by stakeholder 

groups, as they may lack the operational resources or technical capacity to both access spatial 

information and apply it (Ye et al., 2013). Therefore, this research sought to explore both, 

enhancing the data access and data use capacity of local-level participatory governance groups 

involved in salmon management. To do so, these issues were explored separately, and the work 

presented in two parts. Part one, addressed data access and stakeholder needs, while part two, 

looked at data use and its implications. The benefits of enhancing both of these areas was then 

summarized. 
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Part One 

1 Introduction- SRTs & MERG 

In Clayoquot Sound, on the West Coast of Vancouver Island Canada (WCVI), the 2019 

chinook salmon spawning season (Figure 1.0), saw some of the region’s worst returns. Having 

historically, been some of Pacific Canada’s riches waters, chinook salmon were heavily 

overfished throughout much of the 20th century, before concerns of dwindling stocks and 

reduced returns began to appear towards the end of the century (Gaveski, 2015), and has 

continued into the first half of the 21st  century.  

 
Figure 1 (a-c): Geographic representation of the study area. a. Identifies the location of 

Clayoquot Sound (Outlined in green) on the West Coast of Vancouver Island (shaded area) b. 

Identifies the location of the WCVI  (region shaded in grey) in relation to the mainland of 

British Columbia and c. Identifies the location of Vancouver Island (identified by red box) in 

relation to the West Coast of North America (Adopted from West Coast Aquatic’s Coastal 

Strategy, 2002). 

Attempting to reverse this trend, the federal government has had to impose heavily restrictive 

fishing regulations throughout the region. However, even with reduced fishing pressure and a 
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lack of the destructive logging practices, seen in other areas of the coast, the return of only 16 

chinooks to the Moyeha River (the biggest river in Clayoquot Sound) and 3 to the Megin 

River, had everyone perplexed (Bailey, 2109). Being pristine systems, riparian threats were 

considered a non-issue in these watersheds. As such, this has left fisheries managers and 

scientists scrambling to identify potential sources of marine threats. However, given salmon’s 

anadromous life cycles and the distance these fish travel, pinpointing the sources of these 

threats has been challenging. 

Due to their once formidable numbers and predictable returns to the Canadian waters, wild 

salmon were the life blood of the Pacific coast. It is because of their unique life cycles, that 

salmon are recognized as keystone species on the coast for their value as essential terrestrial 

and marine food sources for a number of species, either directly or indirectly. Along the Coast 

of North American, five marine species of Pacific salmon have evolved (pink, coho, chum, 

sockeye, and chinook). With each species having its own unique morphological features and 

life history strategies, as well, a variety of other subtle nuances, imprinted on individual 

populations from their natal stream. Of the five species, chinook are the largest, making them 

the prized species by both fishers and predators alike. Chinook have historically been known 

as 'spring salmon,' by coastal First Nations, due to the seasonal timing of their return to coastal 

waters, which is earlier than other species of salmon (Rahr, 2019). As such, this made them a 

valuable source of nutrients after leaner winter months. Additionally, the return of the 

‘springs,’ signified a return to fishing for coastal communities, after months of winter storms 

and rough seas, having kept their boats docked (Rahr, 2019).  

With their large size and earlier returns, chinook salmon are also the primary food source for 

the Southern Resident Killer Whale population (SRKWs) on the coast. With the SRKWs 

having recently been listed under Canada’s Species at Risk Act (SARA), the federal 

government is now mandated to protect their habitat and prey. This SARA designation now 

affords chinook salmon further protection and additional resources to support their recovery. 

Because of their pivotal ecological, social and economic roles, the last few decades have seen 

millions spent on the recovery of Pacific salmon. Coming too late however, the majority of 

recovery efforts were initiated only after stocks became biologically unviable. Today, 

changing oceanic, climatic, and landscape conditions are now also taking their toll, and 

impacting salmon habitat and prey availability (BC Wild Salmon Advisory Council 

(BCWSAC), 2019). In light of these compounding issues, it is expected that recent declining 
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trends in salmon survival will continue. Notably, this has raised concerns as there has also 

been recent declining trends in federal investments to address these issues for several years 

now (Rahr, 2019). Around the province there is a general lack of confidence among 

stakeholders in the data quality, quantity, and reporting of the status of salmon used in 

management decisions regarding the fishery (BCWSAC, 2019). Without adequate stock 

assessment data, efforts by the Canadian federal government will continue to flounder and 

lead to increased disputes over fisheries access, Indigenous rights, and environmental 

protection. 

With 2018 seeing a renewed federal commitment to “restoring and maintaining healthy and 

diverse wild salmon populations and their habitats for the benefit and enjoyment of the people 

of Canada in perpetuity” (Department of Fisheries and Oceans (DFO), 2018) the government 

of Canada has recently revised its’ Wild Salmon Policy (WSP) to address known, stock 

assessment, maintenance, rebuilding, and accountability issues. Critical to the goals of the 

WSP, is the development of rebuilding plans for those stocks that are severely depressed. For 

WCVI chinook populations these plans will require immediate actions to restore the terminal 

abundance of adult fish returning to their spawning grounds. With indicating that WCVI 

Chinook are being impacted by reduced early marine survival potentially due to the alteration 

and degradation of nearshore habitats (DeVisser, Musial and Wright, 2015), it is now felt that 

“in the race to save salmon, these habitats are ground zero,” (Rice, 2019). Thus, resources are 

now being concentrated on increasing our understanding of the importance of the critical first 

year of a salmon’s life, in nearshore waters and its value towards early marine survival. Thus, 

the WSP is prioritizing the identification of critical nearshore habitats and the timing of their 

use by the various chinook populations, in order to determine when and where to implement 

protection and restoration efforts.  

Additionally, ongoing marine harvesting by mixed-stock fisheries throughout their range, 

further depresses chinook numbers, and has been identified as a contributing factor in the 

continued failure of these stocks to rebuild. To address this, DFO will now manage chinook 

fisheries with the objective of maximizing recruitment to terminal areas (Salmon Committee 

of the Pacific Marine Conservation Caucus (SCPMCC), 2018). This will see the allocation of 

minimum terminal quotas allocated for species conservation, SRKWs, and the constitutionally 

protected access of First Nations, before the potential allocation of commercial and 

recreational harvest quotas (SCPMCC, 2018). Recognizing that they cannot achieve these 
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goals alone, DFO (2018) have begun to seek out the collaborative support of those parties 

invested in the survival of wild salmon. 

On the West Coast of Vancouver Island, these collaborative arrangements have already been 

proven an effective mechanism for addressing marine resource management. Conceived in 

2002, West Coast Aquatic (WCA) was Canada's first national, piloted program for 

cooperative aquatic management (WCA, 2016). For the first time, this saw the Federal, 

Provincial, Nuu-chah-nulth, and Local governments align to advance existing management 

objectives and negotiate new co-management arrangements of marine resources along the 

WCVI (WCA, 2016). By incorporating and equally valuing, both science and local 

knowledge, WCA has engaged in the development of Salmon Roundtable (SRTs) discussion 

groups. Composed of those same stakeholder groups as WCA, the SRTs have met regularly to 

review the seasonal conditions of salmon returns. From these real-time synopsizes, the SRTs 

have been able to enact local authority over the management of the region’s salmon fisheries.   

With the majority of the problems currently faced by WCVI chinook salmon populations 

being of a spatial nature, it has been identified that there is a gap in the availability of 

literature on stock-specific and community-level recovery planning (Flitcroft et al., 2018). As 

such, the revised WSP is currently focusing on identifying environmental indicators and 

science-based tools to support salmon recovery along the coast. This highlights the value of 

decision-support tools such as GIS, to enhance participation and collaboration for community-

level management groups. Having previously been used only by technical experts, early GIS 

systems were limited to those with the skills and software. This, however, is rapidly changing 

as open-source platforms are continuously being developed for sharing geospatial 

information. The geoportal is a web-based platform that has increased the distributed use of 

GIS (Merrifield, 2013). Designed to be more visual, interactive and user-friendly, the 

approachability of the geoportal has leveled the field for non-technical users, seeking to 

engage with spatial information (Merrifield, 2013). As GIS technology continues to advance, 

maps will persist as a common language for the dissemination, exploration, and creation of 

spatial information (Canessa et al., 2016) as their visual power is such that it can be 

communicated to many. This approachability makes the geo-portal an excellent platform for 

collaborative planning processes. As spatial literacy can now be taught to non-technical users 

to increase their awareness and understanding of geographical issues, as well as, their ability 

to engage in finding solutions (Scott et al., 2016). With the rise of local-level governance 
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structures, this increased spatial literacy will support their legitimacy and decision-making 

power (Scott et al., 2016).  

Understanding the value of GIS, one of the key deliverables of WCA has been the 

development of the open source, web-based Marine Ecosystem Reference Guide. Referred to 

as MERG, this geo-portal was initially conceived as a marine spatial planning (MSP) tool, to 

assist with balancing trade-offs between marine uses and users. As such, MERG’s web-map 

interface allows users to access regional data, including the results of past planning efforts, 

displayed spatially over a local coastal base map. However, having only recently been 

launched, the capacity of this portal has yet to be fully demonstrated. Yet as work on the 

marine RISK assessments and chinook rebuilding plans is set to begin, this platform is primed 

to be an integral component in these processes. For it is felt that the unique governance 

mechanism embodied by the SRTs, harnessing a tool such as MERG, could be instrumental to 

these processes. By working in tandem, it is believed that this consortium of stakeholders can 

embrace the collaborative capacity of MERG, to aid in the development of a multifaceted 

ecosystem-based approach to rebuilding chinook populations on the WCVI.  

With the development of the SRTs for the WCVI, the focus of this research will be on the 

three major Sounds of Barkley, Clayoquot, and Nootka, known respectively as DFO fisheries 

management areas (DFO FMAs) 23, 24, and 25. Hence, this exploratory research looked to 

identify ways in which the geo-portal MERG can be incorporated into and benefit the place-

based decision making of the SRTs in these areas. Using structured interviews, the first half of 

this research will seek to understand the SRT’s collective GIS capacity, spatial data needs and 

barriers faced, in collaborative decision-making. These findings were used to generate a list of 

potential recommendations for how WCA can further specialize MERG, for use as a salmon 

management DST. Using the ecological modeling capacity of GIS, the second half of this 

research, sought to develop habitat suitability models for key indicator species (IS), in order to 

identify potential critical nearshore habitat for juvenile chinook on the WCVI. With the 

identification and protection of critical nearshore habitat imperative to the success of the WSP 

and chinook rebuilding plans, the output of these models will then be assessed to determine if 

potential disparities in habitat exist throughout the region. Finally, this research will discuss 

the inclusion of this habitat data into MERG and what the implications of making it openly 

available to the SRTs could mean for the rebuilding of wild chinook populations. 
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1.1 Research Purpose and Aim- SRTs & MERG: 

Having shown to increase the effectiveness of fisheries management, the legitimacy of 

participatory governance bodies is on the rise. This has led to DFO relinquishing their sole 

jurisdiction over management of the salmon fishery, in order to restore the species, the 

fishery, and those coastal communities dependent on them. With the SRTs now acting as the 

co-governing body over the region’s coastal fishery, there is a desire to strengthen their 

capacity. Given the volumes of data often required to effectively manage a fishery, integrating 

GIS has proven valuable. With the rise of online GIS, web portals have become the familiar 

interface for accessing information systems, mapping, distributing datasets and delivering GI 

Services to those looking to make smarter spatial decisions (Canessa et al., 2006). With the 

SRTs engaged jointly in the harvesting and stewardship of salmon, they are heavily reliant on 

access to local, accurate and up-to-date information regarding the status of salmon in the 

region, their efforts are however, continually hindered by a lack of, lack of access, and lack of 

knowing where to find reliable data. With WCA having recently developed MERG as a 

regionally focused open source web-portal, there is an opportunity for this platform to become 

the collective decision support system for salmon management in the region. 

With the literature having endorsed the visualization power of maps to convey information, 

the aim of the first section of this research focused on understanding how the integration of 

web-GIS can increase the capacity of participatory governances groups engaged in fisheries 

management. More specifically, this research explored the applicability of MERG and how-to 

best tailor it, to support decision-making by the SRTs. This was achieved through 

participatory information gathering with the members of the SRTs, to gain an understanding 

of the information they required in order to contribute to the goals of the WSP, including the 

development and enactment of rebuilding plans for WCVI chinook.  

1.2 Research Objectives- SRTs & MERG: 

• Review the role of participatory governance, and place-based decision-making for 

salmon management on the WCVI. 

• Conduct a review of GIS-based decision support tools used for salmon management. 

• Engage members of the SRTs through semi-structured interviews to gain insight into 

their current GIS aptitude, sources for data access and their spatial data needs regarding 

the management of salmon on the WCVI. 
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• Develop a list of recommendations, based on the review of DSTs and the findings of 

the interviews; On how MERG can best support the work of the SRTs. 

 

1.3 Research Questions- SRTs & MERG: 

• What is the significance of participatory governance, and place-based decision-making 

to salmon management? 

• What is the significance of participatory GIS as a decision support tool for salmon 

management? 

• Can the spatial visualization capacity of the web portal MERG be used to  support 

local governance groups in the management of salmon, on the West Coast of Vancouver 

Island? 

 

1.4 Structure of Part One- SRTs & MERG: 

Section one of this research provides a brief overview of participatory governance in salmon 

management on the West Coast of Vancouver Island and explores the inroads GIS has made 

into the field and provides both theoretical and stakeholder insight into ways it can fulfill 

current unmet spatial needs and further support potential users. The following sections include 

an overview of the benefits and challenges of participatory governance, GIS in fisheries 

management, and decision support tools, along with examples of their current regional 

applications (section 2). Next, is the methodology used to gather stakeholder information 

(section 3). Results of the interviews with the SRT participants are next (section 4). With a 

discussion of the results and their implications for WCA and MERG to overcome common 

challenges and meet users data needs following (section 5).  Finally, general conclusions are 

drawn about the applicability of web-GIS to support the SRTs (section 6). 
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2 Background- SRTs & MERG 

While salmon remains under federal jurisdiction to this day, there has been a shift from the 

old institutional model of sole national control, to a more inclusive and collaborative one that 

includes partnerships with other governments (First Nations, Provincial and Regional) and 

local-level stakeholders. This section explores the role of participatory governance in fisheries 

management and its adoption of place-based decision-making. First, with the development of 

the regional fisheries co-management board WCA, and then with the subsequent development 

of the SRTs, whom are focused explicitly on restoring wild salmon, these collaborative groups 

have been instrumental in enacting on-the-water changes at the local level. With the SRTs 

now seeking new methods to increase their collective capacity, this highlights the value of 

GIS to increase collaboration, engagement, and joint decision-making (Yusuf, 2018). As such, 

this positions the regionally focused Marine Ecosystem Reference Guide, as a potential tool to 

meet their needs. 

2.1 Study Area 

The area of interest for this study is on the West Coast of Vancouver Island (WCVI). Vancouver 

Island itself is located in the Pacific Ocean just off mainland British Columbia Canada on the 

continental shelf (Figure 1). The Island is roughly 460km in length and is divided by a range of 

mountains running down its center (Vancouver Island Range, n.d.). This geological separation is 

responsible for creating the unique ecological characteristics of the ‘West Coast’ and forming a 

rain shadow all along the western side. As one of the wettest places on the planet, this region is 

dominated by temperate rainforest at coastal elevations, succeeding in subalpine and alpine 

conditions at higher elevations (Pacific Climate Impacts Consortium, 2010). Characterized by a 

rugged coastline, countless islands, and deep fjords, much of the region is remote and 

undeveloped, compared to other parts of Vancouver Island. As such, developments consist of a 

scattering of small coastal or First Nations communities throughout the region. However, this 

inaccessibility is not indicative of historical occupation, as the  ha-houlthees (traditional 

territories) of the  regions’ fourteen First Nations, the Nuu-Chah-Nulth, have been on the land for 

millennia.  
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The focus of this study will be on the three major Sounds of Barkley, Clayoquot, and Nootka, 

which are centrally located on the WCVI and represent a continuous system of coastal fjords 

(Figure 2). Known respectively also as the DFO fisheries management areas (DFO FMAs) 23, 

24, and 25, these are the federally delineated boundaries assigned to these areas and used to 

manage marine resources on the coast.  

 

Figure 2: Study Area, encompassing Barkley, Clayoquot, Nookta Sounds along the WCVI. 

2.2 Why Chinook Salmon Matter 

As one of the few anadromous species, Pacific salmon inextricably link marine, freshwater, and 

terrestrial mid-latitude ecosystems (Rahr, 2019). Because of this unique lifecycle, salmon are 

recognized as keystone species throughout these various habitats. In marine systems, salmon are 

an essential food source for a multitude of marine species that predate on both outward migrating 

juveniles and returning adults. In freshwater systems, salmon act as an enormous biological 

pump, as their semelparous migration carries marine nutrients back to their natal spawning 

grounds (Rahr, 2019). It is here that upon death that their marine-derived nutrients flow back into 

local food webs, increase productivity, and support the numerous species that congregate 
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seasonally to forage in these riparian systems. Thus, their presence is indicative of healthy river 

systems.  

The livelihoods and existence of coastal communities are also tied to that of Pacific salmon for 

both protein and economic opportunities (Rahr, 2019). With Pacific salmon fueling a multi- 

billion industry and supports thousands of jobs, including those that are both directly related to 

the fishery and those that are indirectly related, such as the restaurants and hotels, each are 

dependent on fish access (Rahr, 2019). For Coastal First Nations, salmon were once the sole 

source of their expansive coastal establishment and populations (Rahr, 2019).  Beyond food, 

however, salmon are also highly regarded in the culture and traditions of First Nations. “Central 

to their language, ceremony and song, salmon are understood to connect the people to the land, 

fish, animals and plants – salmon remind them that they are related, and that they must respect 

and honour one another” (Wild Salmon Advisory Council (WSAC), 2018).  

With declines apparent across all species of salmon, those most pronounced are in those stocks 

along the southern extent of their range (Rahr, 2019). For chinook on the WCVI, these losses 

have been dramatic. With stocks showing wide interannual swings in returns, but a persistent 

long term decline overall (WSP, 2018). Here, genetically distinct populations are continuing to 

be lost, however at a rate, managers are unable to determine, given that the region’s populations 

are largely data deficient (WSAC, 2018). It is in these more populated southern regions, that the 

major threat is no longer overharvesting, having now been replaced by habitat loss (Rahr, 2019). 

Compounded with changing ocean conditions and increased climate related threats, local 

conditions in these southern ranges, have deteriorated rapidly (WSAC, 2018). It is also here that 

most efforts to restore abundance and reduce harvesting pressures have been centralized around 

hatchery enhancement and aquaculture operations being introduced into previously wild systems 

(Rahr, 2019). These efforts have failed to have the desired effects and have instead introduced 

new and more damaging effects to the genetic diversity, immunity, and habitats of wild stocks 

(Rahr, 2019). Population counts are contingent on annual terminal monitoring in river 

assessments, however, these ‘creek walking’ efforts by DFO have decreased significantly. The 

results are both a lack of accurate population data and habitat status for the majority of salmon 

bearing systems along the coast.  
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Co-occurring within the range of these severely depressed WCVI chinook populations, are the 

Endangered SRKWs. Straddling the border between Canada and The USA and inhabiting the 

surrounding waters is where the remaining families of roughly ~70 individuals can be found. As 

obligate fish-eating mammals, these whales have evolved their diets to consist primarily of the 

larger, more calorically rich chinook salmon. Research has shown, that having once been 

numerous along the WCVI and within the Fraser River, chinook salmon runs see the SRKWs 

transverse the coastal waters of both the WCVI and those within the Salish Sea, making up more 

than 70% of these whales’ diets annually (Committee on the Status of Endangered Wildlife in 

Canada (COSEWIC), 2018). It is also in these waters that the most concentrated urban 

populations can be found along the coast. As such, these whales compete not only with fisheries 

but also with increasing threats from boat traffic, acoustical disturbances, oil spills and 

contaminants (COSEWIC), 2018). These threats compound the already prevalent signs of 

nutritional stress being seen in the population, as a result of reduced chinook populations 

(COSEWIC, 2018).  

 

Therefore, there is consensus amongst those on the WCVI, that in order to increase salmon 

availability to each of these user groups, chinook rebuilding will require management that 

prioritizes increasing abundance, redistributing allocation and access rights, and the fostering of 

a greater degree of integration and collaboration between the various fisheries and stakeholder 

groups (WSAC, 2018). With their survival now understood to be inherently tied to the 

availability of habitat to support them throughout their various life stages, the goals of the WSP 

are effectively understood to mean “protect salmon habitat and you protect salmon, forests, food, 

water, whales, communities, and economies” (Rahr, 2019). 

2.3 Participatory Governance 

Globally, over-exploitation is one of the leading threats to biodiversity in the marine 

environment, and many of the challenges fisheries management and scientists face are directly 

related to this (Keith, 2004). Now more than ever, an increasing number of user groups are 

utilizing the marine environment and causing irreparable harm. Due in-part to non-existent, 

ineffective, and unenforced management practices, failing to protect marine species, habitats, 

and the subsistence populations that depend on them, more species and systems are becoming 
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over-exploited (Keith, 2004). In the marine environment, with most impacts occurring below 

the waves or far offshore, initial detection of an issue primarily results from a socio-ecological 

tipping point being reached or passed (Clark, 1992). For salmon managers, this late-stage 

realization came only after most stocks had suffered an almost total collapse.  

Conflict is usually the catalyst needed to spur on change in policies and institutions (Clark, 

1992). The collapse of the WCVI salmon fishery at the end of the last decade, sparked an 

outcry from the First Nations, fishing, and conservation communities of the region. As wild 

salmon stocks have continued to decline, this has led to a growing public concern for the 

shortcomings of DFO’s handling of Pacific salmon management. As such, there was no 

compelling evidence to show that achieving both ecological sustainability and economic 

development under the current governing system (Figure 3) was unachievable (Johnsen, 

2013). Therefore, requiring a new approach, salmon management has seen a shift from 

government to governance (Kearny et al., 2007).  

 

Figure 3: Identification of a top-down fisheries governance model (Johnson, 2013). 

 

Defined by the IUCN as “the interactions among structures, processes, and traditions that 

determine how power and responsibilities are exercised, how decisions are taken, and how 

citizens or other stakeholders have their say in the management of natural resources, 

including biodiversity conservation” (Lockwood et al., 2010), governance is a broad term for 

the system used to assign authority to a managing body (Johnsen, 2013). Seeking inclusivity 
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and embracing collaborative efforts, governance contradicts traditional government-citizen 

power dynamics and offers a new model for governing (Kearny et al., 2007). Driven by a need 

to develop new approaches and increase the collective capacity of managing bodies, 

governance relies on the participatory process to engage stakeholders in policy formation, 

program selection, and monitoring oversight (Gray, 2004).   

With the significance of participatory processes first embraced at the Earth Summit in Rio de 

Janeiro in 1992, whereby, “broad public participation in decision-making was identified as a 

fundamental prerequisite for the achievement of sustainable development,” Canada, along with 

177 other nation-states, ratified Agenda 21 of the UN’s Sustainable Development Agreement 

(Kearney et al., 2007). Hailed for spotlighting the value of the participatory process, Agenda 21 

did not, however, outline a framework for its integration into existing governance models. 

Having previously been considered a shortcoming of the Agreement, today, it is realized that this 

omission was justified as not wanting to pigeon-hole the process into a set construct and 

jeopardize its uptake. For just as with every management challenge and governance structure, the 

participatory process has no set formula of actions or arrangements of stakeholders that will 

ensure its success (Kearny et al., 2007). Instead, requiring that the participatory process be 

tailored to match the specific challenges presented (Kearney et al., 2007). With the dynamics of 

the participatory process, unique to the combination of actors involved, its success is, therefore, 

contingent on the commitment and capacity of these stakeholders (Kearny et al., 2007). 

Consequently, it is preferential to have a diverse range of stakeholders and balanced 

representation so as not to exclude or marginalize any one group (Gray, 2004; Kearney et al., 

2007). 

This has seen the development of a spectrum of governance structures  (Figure 4) with the level 

of collaboration and participation dependent on the shared distribution of responsibilities and 

accountabilities (Alley and Topelko, 2007).  Showing that as the sharing of responsibilities and 

accountabilities increases, so too does the involvement of stakeholders. Shifting from limited 

participation in an advisory role, to fully inclusive engagement in a co-management role, has 

empowered stakeholders and redefined the level of collective decision-making power afforded to 

them (Alley and Topelko, 2007; Charles et al., 2020).  
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Figure 4: The shifting governance arrangement continuum (A Handbook for Measuring 

Progress and Outcomes of Integrated Coastal and Ocean Management. IOC Manuals and 

Guides, 46; ICAM Dossier, 2. Paris, UNESCO, 2006. In Alley and Topelko, 2007). 

 

Proponents of increased responsibility and accountability sharing, argue that by giving control to 

those people or groups often excluded from the decision-making process (Gray, 2004), has been 

shown to renew civic empowerment and decrease social despondence, by reconnecting people to 

both their communities and those in it (Pratchett et al., 2009). In fisheries management, restoring 

stakeholders’ right to participate in deciding ‘how, when, where, how much, and by whom fishing 

will occur,’ has fostered strong (and sometimes unconventional) community partnerships 

(Queensland Community Social Services, 2020). Whereby those often at odds like fishers and 

conservations, can temporarily align (Pratchett et al., 2009). Given their innate connection to the 

decisions that affect them, stakeholders can offer insights into what avenues of management 

work, and which do not, thus contributing to the development of fairer and more equitable 

policies (Gray, 2004). 

Additionally, the devolution of decision-making to these local bodies has sparked new channels 

for community engagement and discourse, resulting in the injection of new knowledge and 

capacity (Kearney et al., 2007), thus improving the overall efficiency and effectiveness of the 

governing body (Gray, 2004). As such, participatory governance has contributed to enhancing 
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management’s use of local and traditional knowledge and sensitivity for local ecological and 

socio-economic conditions (Kearney et al., 2007). The results have been a renewed individual 

and collective sense of ownership by stakeholders and increasing compliance and self-policing of 

regulations (Kearney et al., 2007). 

 

2.3.1 Challenges of Participatory Governance 

Found to be more intensive than traditional methods, participatory governance requires a more 

significant investment of resources and time to implement (Garcia et al., 2003). Inclusivity and 

trust-building are the first steps necessary to transition to a more collaborative process (Garcia et 

al., 2003). With relationship-building key to moving beyond past indifferences and aligning 

future objectives, stakeholders must receive fair and equitable opportunities to have their voices 

heard. With no set framework or timeline, this upfront ‘engagement’ cost can be prohibitive, 

making it one of the primary reasons the adoption of participatory governance has been delayed 

(Garcia et al., 2003). Additionally, participation is required beyond initial consultation to ensure 

that management practices remain fair, transparent, and sensitive to the diverse societal interests 

of those affected (Carocci et al., 2009).  

Given the scope of challenges faced by fisheries managers, there is, however, no ‘one-fits-all’ 

approach to participation, as each application is both case and place-based (Lazyer, 2012). 

Nonetheless, the growing use of participatory governance has yielded numerous ecological and 

socio-economic benefits, as well as increasing the overall knowledge and capacity of fisheries 

managers (Lazyer, 2012). With its’ participatory focus and adaptive nature, this ‘new 

governance’ model has shown to be sensitive to both environmental and stakeholder feedback 

(Lazyer, 2012).  

On the WCVI, this shift from single to shared responsibility has been crucial to democratizing 

and decentralizing the management of the salmon fisheries (Kearney et al., 2007). DFO, remains 

ultimately responsibility for restoring salmon, however, these ‘new governance’ structures have 

managed to shift the balance of power to fishery users and redefined the meaning of ‘expertise’ 

(Adrinato and Hartoto, 2012). This diversification of what constitutes ‘knowledge’ has been a 

critical factor in the democratization process (Kearney et al., 2007). It has fostered pivotal 

relationships between Canada’s governments and salmon fisheries users, in particular, among the 
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fishers themselves (Lockwood et al., 2010).  This has shifted policymaking beyond science-

based evidence, to include various other forms of knowledge, including those which are held by 

local community members or traditionally shared among First Nations (Adrinato and Hartoto, 

2012). This increased acceptance in alternate forms of knowledge has been a catalyst, opening 

new avenues for communication and collaboration, and further strengthening these new cross-

sectional relationships (Adrinato and Hartoto, 2012).  

2.4 West Coast Aquatic 

The history of WCA is one that has arisen out of conflict and civil unrest under perceived federal 

mismanagement of local resources. Spearheaded by Nuu- chah-nulth leaders, the local 

communities of WCVI can together and established the Regional Aquatic Management Society 

(RAMS) in 1997. RAMS was formed with the common goal of creating a local authority to 

influence DFO decisions around EBM of the region (Dobell and Bunton, 2001). With a 

particular focus around the management of fisheries, RAMS sought to counter the flow of 

resources, money, and people away from the WCVI. With DFO having sole jurisdictional control 

over the management of fisheries at the time, RAMS lobbied hard to be included in this process. 

Successful in their efforts, RAMS evolved into the West Coast Vancouver Island Aquatic 

Management Board in 2002 (Dobell and Bunton, 2001). The Board was to be an inclusive area-

based regional management board for local coastal communities and others impacted by aquatic 

resource management in the region (Alley and Topelko, 2007). The Board would be adopted 

under the premise of a pilot-project backed by the regional, provincial, and federal government 

(Dobell and Bunton, 2001). As Canada’s first regional management fisheries board, there was 

considerable concern about the feasibility of the project and the inclusion of potentially opposing 

voices (Dobell and Bunton, 2001). The Board, however, has persisted and today is known as the 

West Coast Aquatic Regional Governance Board. With responsibilities for the coastal zone 

stretching from Brooks Peninsula in the north, to the Canadian American border in the Strait of 

Juan de Fuca in the south and extending inland up to the boundary of coastal watersheds, WCA 

management boundaries encompass most of the WCVI (Figure 5). Strategically, this boundary 

also corresponds with the boundaries of the Nuu-chah-nulth’s ‘Ha-houlthee,’ which encompasses 

the traditional territories of the regions 14 First Nations (Alley and Topelko, 2007).  
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Figure 5: The management area of West Coast Aquatic Regional Management Board along the 

West Coast of Vancouver Island. 

 

With the Federal Government’s Oceans Act (2002), having set priorities for healthy marine 

systems, sustainable resource use, advancements in science and technology, and increasing 

economic opportunities, the timing of WCA was paramount. The Board is co-chaired by 

representatives from First Nations and local government, but also includes Federal and 

Provincial representatives, industry, and local marine non-profit groups (Alley and Topelko, 

2007). Based on the parallel principles of participation and co-management, WCA’s governance 

structure is inclusive, equitable, transparent, and accountable in their management of the region’s 

fisheries (Alley and Topelko, 2007). Guided by the traditional value of the Nuu-chah-nulth, 

WCA applies a place-based approach, derived from the unique ecological and cultural 

characteristics specific to their management area (Alley and Topelko, 2007).  

As a result of their desire to build local management capacity on the WVCI, WCA has worked to 

enhance social learning throughout the region. ‘Social learning’ is defined as “the shared 

product of participatory governance, whereby those engaged in the process work together to 

expand their collective knowledge, by sharing, co-producing, and identifying gaps in 
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information” (Charles et al., 2020). To accomplish this WCA has used several methods 

including; (1) Engagement with the broader scientific community, including universities,  

organizations, and governments, for scientific information; (2) Engagement with the internal 

scientific community, local-experts and traditional knowledge keepers for volunteered 

information; and (3) Contracted professional expertise (both internally and externally), to acquire 

or share information (WCA, 2017). This knowledge building process has resulted in an overall 

increase in the level of social cohesiveness, social capacity, and civic power of the stakeholders 

of the WCVI (Pratchett et al., 2009). 

2.5 Salmon Roundtables 

With the development of its own 2012 Oceans Strategy, WCA announced their continued 

participation in the management of the region's fisheries (WCA, 2017). Conceived jointly by 

First Nations, commercial and recreational fishers in partnership with DFO, the Salmon 

Roundtables (SRTs) were born as a way to enable co-management of salmon harvesting and 

stewardship on the WCVI (WCA, 2017). Acting as a facilitator, WCA brought together 

members from local communities, fishing groups, coastal industries,  groups, and 

representatives from the various levels of government (Local, Provincial, Federal and First 

Nations) to balance the diverse interests of the region, for an overall more comprehensive 

approach to salmon management (WCA, 2017). 

United by the shared goal of wild salmon recovery, each of the DFO FMAs (Area 22, Cheewaht, 

Area 23, Barkley, Area 24, Clayoquot, Area 25, Nootka, Area 26 Kyuquot) along the WCVI, 

now have their SRTs. Comprising two separate groups, one directed at managing local 

harvesting and the other at local stewardship initiatives, it is the hope that these individual SRTs 

will shed new light on the challenge’s salmon face both locally and throughout the WCVI. 

Meeting semi-regularly, to address regional fisheries harvesting boundaries, allocation rights, 

and to coordinate stewardship efforts, the SRTs have made strides to prevent overharvesting, 

safeguard vulnerable runs,  reduce on-water conflicts, and restore degraded habitat along the 

WCVI.   
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2.6 Spatial Management 

Given that policy development and decision-making are politically and culturally driven 

processes, the notion of space and place are vital in the management of fisheries and marine 

resources (Lavine et al., 2015). With the multitude of activities occurring within the marine 

realm, comprehending the spatial extent and overlap of these activities has proven challenging 

to management Lavine et al., 2015). Compounding is a spectrum of geographic scales at 

which resource uses, stakeholder conflicts, and the political jurisdictions responsible for 

overseeing them occur (Carocci et al., 2009). While jurisdictional boundaries can easily be 

demarcated on a map, they often fail to align with either of the biophysical or social-spatial 

boundaries within an ecosystem (Young et al., 2007). Ecosystems and species, however, 

respond better to ecological boundaries rather than human ones (Young et al., 2007). Given 

that landscape boundaries are more likely to account for the natural edges of an ecosystem, 

managing at these natural boundaries is a more applicable approach (Frost et al., 2006).  

The principles of EBM require that management explicitly accounts for the collection of 

processes and relationships within a system, as well as between systems, to understand and 

mitigate the cumulative impacts affecting them (Secretariat of the Convention on Biological 

Diversity, 2012). Thus, focusing on the regulation of ocean spaces as opposed to ocean uses, 

fisheries management has shifted towards spatial management to reduce conflicts and achieve 

sustainability (Lavine et al., 2015). By monitoring the suit of human activities within a place, 

rather than sectorally, this limits redundancy and saving time and financial resources (Young 

et al., 2007). Achieving this, however, can be complicated and hard to implement. In 

response, the space-based planning and management framework of Marine Spatial Planning 

(MSP) has evolved. MSP looks to address these multiple challenges, align management 

objectives, and balance trade-offs for the overall sustainability of an area (SCBD, 2012). The 

key to this framework is its spatial connotation (SCBD, 2012). MSP is a flexible framework 

that can be adapted in scale or scope to the location, activities, or jurisdiction of the governing 

body to which it is applied (SCBD, 2012). Therefore, MSP inherently place-based.  

Place-based management (PBM) is an approach, which focuses on aligning management 

regimes to distinct features within a given boundary (Young et al., 2007). It does this by 

involving both stakeholders and governance bodies in delineating those boundaries that make 

ecological sense for the human activities present (Young et al., 2007). At this narrowed focus, 
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all of a system’s assorted components and intricacies are quantifiable (Frost et al., 2006). This 

quantification provides the necessary baseline data and understanding required to define goals 

and objectives, set priorities, and implement actions. This narrowed focus also makes 

quantifying responses to management actions achievable.  

Engagement of stakeholders is key to PBM, given their connection to place, stakeholders and 

local-level governance groups are more sensitive to a region‘s socio-ecological conditions 

(Frost et al., 2006). Therefore, by engaging in place-based management and monitoring 

themselves, they streamline feedback, enabling them to adapt to changing conditions (Frost et 

al., 2006). This has shown to successfully promote social learning among stakeholders and 

governing bodies as feedback provides them with an understanding of how both natural and 

human systems respond, allowing them the ability to adapt their approaches (Young et al., 

2007).The development and focus of the SRTs exemplify this, as it is understood that one of 

the greatest strengths of participatory governance groups, such as the SRTs, is their 

adaptability. For the SRTs, this means negotiating near real-time, in-season harvest 

agreements that take into account changing ocean conditions and stock abundances, to ensure 

baseline returning numbers for both foraging SRKW and successful spawning.   

For salmon, this shift to spatial management has seen the fishery migrate from its marine 

mixed-stock and harvest focus (commercial, First Nations, and recreations) to prioritize life 

stages and habitats such as watersheds and estuaries to protect and sustain wild salmon 

(Gayeski, MacDuffee, and Stanford, 2018). The reason being is that mixed-stocked fisheries 

fail to acknowledge that the fish caught are an assemblage of place-based or locally distinct 

populations, some of which may be from locally threatened runs (Gayeski et al., 2018).  

Salmon populations exist at various spatial scales. An individual population is a fundamental 

unit within a watershed, having its life history strategy, unique to the specific habitat from 

which it has evolved (Gayeski et al., 2018). Therefore, within a watershed, each population is 

a collection of these units, whose diverse adaptations sustain the resiliency of the broader 

population.  Taking this place-based approach will offer managers insights into both the 

distinct issues faced locally by different populations, as well as the broader challenges faced 

by salmon throughout the watershed (Steel et al., 2008).  

As a result, independent scientific reviews are now advocating that the harvesting of salmon 

be reflective of these spatially explicit populations and look to identify the diversity of stocks 
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in terminal fisheries to monitor their abundance and shape effective harvest strategies around 

this (Gayeski et al., 2018). By shifting harvesting to these finer-scales, fisheries will be better 

able to reduce by-catch of non-targeted stocks, calculate incidental mortality rates, and ensure 

MSY- spawner recruitment targets are hit, to prevent overfishing of threatened populations 

(Pestal et al., 20011; as cited in Gayeski et al., 2018). The report suggests that harvesting be 

scaled down to the individual population unit. Therefore, all units within a watershed will 

have harvesting strategies that are reflective of their unique life histories and discrete MSYs to 

protect against overharvesting and genetic loss  (Gayeski et al., 2018). 

With much of their earlier work on restoration and monitoring having been done at the reach 

level, DFO previously acknowledged a knowledge gap around the landscape-level effects on 

in-river habitats (Fraser, 2001). Therefore, it was felt that the watershed scale was the ‘best 

fit’ for coordinating salmon recovery efforts (Fraser, 2001; Steel et al. 2008). As such, both 

iterations of the WSP have looked to increase watershed level monitoring, as this data was 

essential for the development of alternative management scenarios to be weighed against one 

another to determine their effectiveness at restoring desired states and populations (Fraser, 

2001). Therefore, given the interconnectedness of a watershed and a need for understanding 

cumulative impacts, watersheds have been proposed as the appropriate scale for coordinating 

monitoring and restoration efforts. However, given the continued failure of these efforts to 

protect both distinct populations and entire systems of chinook salmon, the review by Gayeski 

et al. (2018) suggests a return to managing for individual populations as a way to protect the 

diversity of populations within the watershed, and also to safeguard the resiliency of system 

as a whole. With fifteen key chinook watersheds on the WCVI, known intimately to some of 

the SRT participants, the SRTs should embrace this natural boundary and look to further the 

work of the HSRs in quantifying these systems and the populations, processes, and pressures 

occurring within. This baseline data can then steer the prioritization of management efforts 

across multiple scales, as warranted by both targeted actions at the individual population 

level, and also broader actions, at a watershed level. 

In review, the conception of WCA and the SRTs has shown that there is a growing movement 

in fisheries management to increase the participation of communities into decision-making 

roles. Motivated by trying to balance use and protection for the long-term sustainability of the 

fishery, the environment, and the socio-economic conditions of its users, this shift to 

participatory governance, is the result of a need for a better ‘fit’ between resource and 
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governing body (Johnson, 2013). Achieving this ‘fit’ has come through the redistribution of 

power and the democratization of decision-making responsibilities to include local 

stakeholder groups. Defined as co-management, these arrangements are characterized by the 

empowerment of the local community to employ their place-based knowledge for the 

collective enhancement of social learning and community-led action (Charles et al., 2020). 

Championing this movement, WCA is a prime example of the successes that can come from 

actively engaging stakeholders, building capacity, and working towards a more integrated 

approach to salmon management on the WCVI. Using the natural boundaries of the 

watershed, the SRT should look to focus on implementing monitoring efforts to capture the 

vital local baseline data needed for successful place-based management of chinook 

populations and systems, both independently and dependently of one another.    

2.7 Geographic Information Systems 

In the strictest sense, GIS is a geospatial technology used to integrate, store, manage, analyze, 

visualize, and share geographic information (Jensen, 2010). Providing users, the ability to 

evaluate information relative to a geographical location, through the investigation of mapped 

features (Jensen, 2010). The interactive nature of GIS is straightforwardly lucid and enhances 

the visualization experience of its users, fundamentally transforming information into working 

knowledge (Yasmin et al., 2012). Using a collection of simple tools, users can navigate 

through a scene, choosing their preferred viewing angle, viewing height, perspective, scale, 

and visual elements, which include changing the color, texture, or transparency of objects 

(Canessa, 2008). Once created, maps in a GIS are efficiently able to be revised and added to, 

by using the system's capacity to incorporate other data and technologies, in a consistent 

format (Yasmin et al., 2012). As a multifunctional tool, GIS mapping is used to: orientate 

users to a landscape, locate relevant geographical information, conduct a comparative 

analysis, identify change detection, forecast future states, deliver a narrative or enable 

participation (Esri, 2012). Offering an elevated working environment over simple visual 

inspection, GIS provides the foundation for numerous applications (Yasmin et al., 2012). 

Regardless of the audience, the complexity of the problem, or the availability of data, GIS has 

been shown to significantly assist with communication among stakeholders (Carocci et al., 

2009). Using maps has proven to be an effective mechanism for communicating a story or 

simplifying a technical process as their visual influence makes them a more powerful 
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communication tool than certain other forms (Carocci et al., 2009). Through its use, decision-

makers can store, manage, explore, and analyze effectively the volumes of data required to 

understand the issue, which has led to GIS enhancing our ability to make better decisions 

(Carocci et al., 2009). As highlighted, the interactive visualization power of GIS can also 

assist users in developing scenarios and understanding the impacts of alternatives (Jankowski, 

and Nyerges, 2001). Often requiring iterative scenario development, complex dynamic 

systems management lends itself to the need for interactive visualization and data exploration 

(Jankowski, and Nyerges, 2001). With decisions based not only on the attribute data but also 

on the geography space it occupies, GIS can enhance user’s ability to understand both the data 

and the context of the situation  (Milutinović et al., 2019). This is done so, through the use of 

maps, which provide users a means for personalized engagement with the information, giving 

them the ability to digest it, formulate their ideas, and provide feedback for a more inclusive 

consultation and engagement process (Asdasdasd, 2016).  

As more people are adopting GIS, there has been a shift in the way people are interacting with 

it. Having initially only been consumers of technology, an increasing number of users are now 

collecting, providing, and building maps; they are now also starting to become producers 

(Asdasdasd, 2016). This growth is the result of increased demand for more information by the 

public (Asdasdasd, 2016) and an ongoing mismatch between data needs and data availability 

(Elwood, 2008). With governments and industries having primarily been the providers of data, 

they focus was on developing it to fit their needs. More specifically, these needs lead to the 

development of specialized datasets, with focuses and formatting of limited value to external 

user groups. The rise of governance bodies has also fueled this shift to data production, as the 

inclusion of the ‘stakeholder voice’ is now being used to guide data development and 

distribution. To manage user needs, both governments and governance groups are actively 

seeking out user input, to help them re-envision how they can better serve this widening user 

group. In the end, however, total satisfaction is unattainable, therefore, these agencies must 

continually work to ensure that the limitations of their products are effectively communicated 

using metadata and quality assurance mechanisms.  

With computer literacy and spatial thinking not an innate ability for all, this has traditionally 

seen some user groups excluded from working with GIS. Before the 1990s, GIS was all 

desktop-based computer systems and software, that limited their access to those users with the 

financial resources and technical capacity to acquire and navigate them (Tate, 2005). 
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However, the development of the internet in the late 1990s provided a new platform for 

working with the technology (Tate, 2005). This saw GIS use expand beyond institutional use 

and become a mainstream technology. This shift, to distributed GIS, required the development 

of software technologies to make it more visual, interactive, and accessible to non-technical 

users (Tate, 2005; Canessa et al., 2006). One such technology was the geographic portal, more 

commonly known as a geoportal or web portal, developed to leverage the technical value of a 

GIS with a more straightforward, user-friendly interface that would appeal to the masses, and 

live entirely online (Tate, 2005; Canessa et al., 2006). Today, geoportals have become the 

familiar interface for accessing information systems, mapping, distributing datasets and 

delivering GIServices, to an online community looking to make smarter spatial decisions 

(Canessa et al., 2006).  

2.7.1 GIS in Fisheries Management 

The relative successes of fisheries management actions are related to our capacity to 

understand the problem in its entirety. Understanding these problems requires that we have a 

sound grasp on the various ecosystem properties, processes, and pressures that make it up. 

Grasping, this is hinged on our ability to envision these abstract features in their actual 

geographic setting (Carocci et al., 2009). The degree of mental organization that this requires 

is, however, beyond most (Carocci et al., 2009). Turning to a map, such as that provided by a 

GIS' map interface, orientates us and can enhance our ability to comprehend what it is we are 

seeing (Carocci et al., 2009). With a significant piece of fisheries management dependent on 

identifying conflicts and accessing trade-offs, the overlaying capacity of digital maps offers a 

non-reductionist view that can be used to balance the equity and rights of multiple 

stakeholders (McCall and Minang, 2006).  

Today, the use of GIS has become the primary means for spatial problem exploration and 

structuring in marine resource managing (Milutinović et al., 2019). Using digital maps has 

allowed fisheries managers to go beyond simple visual exploration, by enabling them to 

perform spatial analysis, identify conservation hotspots, locate optimal areas for aquaculture, 

assess oil spill sensitivity, and track the interaction of fisheries with other users (Canessa et 

al., 2016). Previously these types of analysis had been left to others and technical specialists; 

however, now more than ever before, non-technical users are looking to perform these 

operations themselves (Canessa et al., 2016).  
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2.7.2 Challenges to GIS 

This increase in GIS-based analysis has led to a greater understanding of the spatial elements 

and interactions in the marine environment, allowing for better-informed decision-making. 

Fisheries management is, however, contingent on spatial information regarding the human 

uses and connections to place, to improve management strategies (Lavine et al., 2015). 

Knowing what is out there and where to find it, continues to be a problem for those looking to 

access spatial information. Currently, the responsibility of managing this spectrum of 

information is dispersed across a range of organizations. As such, they have yet to define a 

universal structure for collecting, storing, managing, analyzing, or distributing these resources 

(Canessa et al., 2006). This means that although the information may technically exist, it is 

'non-existent' to some users, given the challenges in finding it or its incompatibility given its 

formatting quality (Canessa et al., 2006). Today, this artificial unattainability of data 

continues to hamper both technical and non-technical users seeking to access information 

(Canessa et al., 2006).  

With the recent Ocean’s Protection Plan Assessment meeting (September 2018), DFO 

gathered various stakeholder groups to perform a self-audit on the state of data governance, 

for those engaged in coordinated ocean management. The panel identified a serious lack in 

data access for data considered to be essential for data-driven decision-making to see the goals 

of integrative and collaborative ocean management realized. Their findings revealed 

numerous data governance issues pertaining to;  

• Data ownership and stewardship:  the management of data to ensure users have access 

to high-quality data that is easily accessible in a standardized format.  

• Data accessibility and availability; lack of access or lack of existence of data. 

• Data retention; the policies of persistent data and record keeping inventories. 

• Lack of a standard terminology; around the naming, formatting and storage of data.  

• Data quality; requiring data be accurate, current and accessible to users. 

(DFO, 2019). 

Known to be notoriously data deficient, the WCVI has been coined “ a black hole,” due to the 

limited amount of or limited access to data available to those working in the region (SRT 

respondent #4 personal communication, 2019). Given that most data are strewn across the 

internet, locked inside government databases or still in paper copy awaiting digitalization 
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(SRT respondent #2 personal communication, 2019), this regional void continually impedes 

salmon management. 

2.7.3 Participatory GIS 

With the democratization of fisheries governance, responsibility and accountability for the 

management of salmon are now shared with those directly connected to the fishery. Given the 

array of stakeholders currently involved in this new decentralized decision-making, these 

arrangements are seeking to capitalize on the injection of new, diverse, and local knowledge 

(Yusuf, 2018). To do so, however, they must be cognizant of and accept that not all 

participants will share the same expertise, levels of situational awareness, or the capacity to 

digest some forms of information. This awareness has led to a growing need for new methods 

to engage, inform, and educate stakeholders to increase their collective knowledge and guide 

these co-management groups (St Martin, 2004).  

With the use of GIS shown to increase collaboration, engagement, and joint decision-making, 

thereby effectively supporting the public engagement process as a whole (Yusuf, 2018), it 

stands as an appropriate tool for use by these new governance groups. Offering a number of 

applications, GIS are initially commonly applied as a tool for developing maps relevant to the 

focus of those involved (Goodchild, 2010). In this capacity, GIS is referred to as participatory 

GIS or PGIS and is centralized around the shared process ‘participatory mapping’ (Goodchild, 

2010). There are numerous ways for PGIS to be undertaken including, semi or non-structured 

interviews, formal or informal meetings, focus groups, brainstorming sessions, or through the 

recording of oral history (Yusuf, 2018). Generally, the process begins with the development 

of a base map to provide the template for the mapping process, followed by iterative rounds of 

engagement and mapping exercises to add information to this base map. Common themes for 

PGIS have been the identification of geographic and ecological knowledge associated with 

historical occurrences, current distribution, or areas of interest that may presently be 

undocumented (Goodchild, 2010). The scale of this knowledge and the maps generated from 

it are generally fine-scale, localized, and intimately tied to the local history or use of a place 

by the participating community or stakeholder group (Yusuf, 2018).  

Used to assist resource managers in their efforts to quantify the perceptions, attitudes, and 

behaviors of the resource users (Jones et al., 2016), participatory mapping often reveals 

information that was previously undocumented or reserved to a limited group of knowledge 
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holders (Yusuf, 2018).  Additionally, it has been found to contribute essential local socio-

spatial information, thus encouraging new avenues for spatial learning, knowledge sharing, 

productive discussion, and critical analysis (Yusuf, 2018). This increased use of PGIS in 

scenario development has ultimately culminated in enhanced decision-making and participant 

satisfaction by stakeholder groups (McCall and Minang, 2006; Yusuf, 2018). 

2.7.4 Challenges to PGIS 

While the overall use of PGIS acknowledged as being mostly positive, some challenges 

around its misuse do exist. Among stakeholders, the issue of accuracy and transparency in 

information sharing is vital to the participatory process (Goodchild, 2010). Thus, the use of 

GIS raises problems of presentation and visualization, as they directly influence the 

interpretation of outputs (McCall, 2004). In his , McCall (2004) raised the question, "Does the 

products of PGIS accurately reflect the knowledge and interests of local groups, or do the 

flashy outputs create biased interpretations and false confidence?" Given GIS's ability to 

incorporate various sources of data, there needs to be an acknowledgment that the standards of 

some sources will vary, therefore, impacting the quality of the data and the products derived 

from them. Non-technical users, however, may not be attuned to interpreting information 

impartially, and the colorful outputs of a GIS may give a false sense of the accuracy of the 

data, thus masking bad data (McCall, 2004). This brings the question of accountability in a 

participatory process, as those making the decisions may be influenced by the false 

confidence presented in maps, thereby having their decision-making abilities impaired rather 

than improved (McCall, 2004).  Therefore, to ensure that the participatory process remains 

objective, unbiased,  and transparent, limitations of the data must be communicated and 

understood by all (Goodchild, 2010). 

2.8 GIS Decision Support Tools (DSTs)  

This section looks at the use of decision support tools in salmon management to understand 

how they can support improved decision-making efforts. Public knowledge has shown to be a 

critical element for sustainable management. With new participatory governance bodies, like 

the SRTs looking to increase their collective knowledge and decision-making capacity, there 

is an ongoing need for increasingly adaptive and flexible DSTs to assist them (Mossbauer et 

al., 2012). It is here that web-based solutions have found their niche (Marto et al., 2019). With 

a growing familiarity around the benefits of web-GIS, this has led to an increase in the 
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availability of web-based DST that employ GIS map interfaces.  Web-based DSTs are a 

collection of software, composed of dynamic web pages and graphic user interfaces (GUIs), 

accessed through a browser on any number of internet compatible devices (Marto et al., 

2019). Operating predominantly as open-source tools, these web-based DST are freely 

available to support users with data management, visualization, simulation, analysis, and 

decision implementation (Marto et al., 2019). Offering remote access has allowed for web-

based DST to be used in collaborative processes, requiring the distribution of information 

among remote parties (Marto et al., 2019). With the SRTs composed of stakeholders from 

around the WCVI, this platform offers them the ability to collaborate remotely. To better 

understand the role web-based DST can play in supporting enhanced decision-making by the 

SRTs, regional examples have been reviewed and summarized here. 

The management of fisheries and large-scale marine ecosystems involves the consideration of 

numerous elements, as such managers are increasingly reliant on technological support 

systems to assist them (Daniels, 1992). Resource management has long been synonymous 

with visualization tools, as a means for translating abstract environmental data into credible 

evidence (Daniel, 1992). DST are computer-based systems comprising a presentation system 

(user interface), knowledge system (data management system), and a problem-solving 

(analysis) system that collectively support managers in planning and decision-making 

activities (Marto et al., 2019). Shifting to web-based platforms has allowed DST to become 

more widely adopted and applied to the growing list of management issues. The architecture 

of web-based DSTs facilitates stakeholder participation, through the use of integrated 

platforms to provide managers and stakeholders remote access to advanced planning 

techniques and methods (Marto et al., 2019).  Like web-GIS, web-based DSTs are 

increasingly attractive to decision-makers given that they require no hardware or maintenance 

costs, update software automatically, and need only small initial time investment to 

familiarize themselves with it (Marto et al., 2019). DSTs have now developed to (1) identify 

areas, (2) prioritize actions, (3) minimize costs, and (4) optimize outputs (Schwartz et al., 

2017).  

With the WSP and the SRTs, now prioritizing the restoration the region’s chinook populations 

and calling for the identification of critical nearshore habitat to assist with this, WCA is now 

looking to increase regionally coordinated efforts to support this. Having identified a need for 

locally focused spatial information, WCA created their own web portal, to store and share this 
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information with others in the region. With a growing number of regional examples, such as 

MaPP along the North Coast having been vital to the successful development of the region’s 

marine spatial plans, there is an interest by WCA and the SRTs for incorporating DSTs to assist 

them. Therefore, to better understand the role DSTs can play in supporting enhanced decision-

making by the SRT, a review of regional DSTs was done. This information was then used to 

make recommendations (in Section 6) for the development of MERG into a DST for salmon 

management on the WCVI. 

2.8.1 The Okanagan Fish Water Management Tool (FWMT) 

When humans need trump environmental ones, issues arise. As was the case in British 

Columbia's interior Okanagan region, where the lakes' water levels fluctuate widely due to year-

round by human demand, offset by a short seasonal precipitation window in the winter and early 

spring. This saw conflicts arise between fisheries and water managers over water access for fish 

or people. The Okanagan lake and river support significant stocks of kokanee and sockeye 

salmon that were being threatened by flow levels and drawdown practices by the local dam. 

Arising out of a need for better management practices, The Okanagan Fish Water Management 

Tool (FWMT) was developed to balance seasonal water conflicts between human use and 

salmon need. The goal of this internet-accessible, real-time, multi-user environmental DST was 

to assist managers in making more equitable, in-season decisions around flood prevention, 

socioeconomic needs, and aquatic ecosystem value (Hyatt, Alexander, and Stockwell, 2015). 

Before the tool's development, water managers made decisions regarding water release, based on 

a collection of interconnected spreadsheets (Hyatt et al., 2015). These non-automated 'tools' 

offered lower resolution information and precipitated conflicts (Hyatt et al., 2015). Conceived 

and developed in only two years, the success of the FWMT was due to the mutual commitment 

of those involved to focus on high-quality science and trust-building to guide the development of 

the process (Hyatt et al., 2015). The tool allows users to login, examine other user's simulations, 

explore trade-offs, and evaluate outcomes, using an intuitive stop-light system to assess the 

suitability of the plans.  

Inputs are recorded in real-time and fed into the tool, thereby generating cumulative real-time 

conditions. The stop-light coding system is a calculated value in response to the various input 

parameters used in a given scenario. The color designation represents a response state (desired or 

undesirable) that when indicated has a predefined set of  recommended actions for managers to 
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initiate.  The benefit of a real-time DST such as this, is that through the use of real-time data 

inputs, managers are able to respond to changing conditions and adjust their practices 

continuously. 

2.8.2 Pacific Salmon Foundation and the Pacific Salmon Explorer (PSE) 

Decades of declining salmon returns in the Skeena River on the North Coast of mainland BC 

were continuing to challenge salmon managers in the region as the region began to open up to 

development, causing concerns that the declines may continue or worse, increase. With extensive 

resources having already been committed to protecting wild Skeena salmon, the continual 

declines suggested that these measures were inadequate. Information regarding protective 

measures was, however, not centrally stored, and as such, there was limited understanding of the 

effectiveness of individual actions as well as their overall cumulative effects (Pacific Salmon 

Foundation, 2018). Additionally, a lack of a clear and comprehensive picture of the pressures 

faced by salmon was one of the key reasons for the limited success of some initiatives (PSF, 

2018). With the WSP calling for increased information sharing and coordination of management 

approaches, the 2016 release of the Pacific Salmon Explorer (PSE) was a way to address both the 

issues faced by management and meet the objectives of the WSP. Developed in collaboration by 

DFO and the Pacific Salmon Foundation, the PSE was both a repository of salmon-related 

scientific information and a visualization tool to convey it effectively (PSF, 2018). Released as 

an open-source online tool, the PSE made salmon baseline data widely accessible for the first 

time. The benefit of the PSE is two-fold. First, the PSE directly increases data access, and 

second, by presenting data in a user-friendly format, the PSE also directly increases its usability 

(PSF, 2018).  

Today, the PSE displays information on salmon populations and habitat throughout the Central 

and North Coast, soon to be expanding to the South Coast and Vancouver Island. Available 

through the PSF website, the PSE uses a series of interactive maps and figures to display 

overviews of salmon CUs, such as the Skeena River (PSF, 2018). DFO records of salmon data 

regarding the statuses and trends in abundance, catch, and survival can all be viewed in clear, 

easy to interpret graphs (PSF, 2016). Pressures, such as road development or logging, are 

identified by extent and intensity, both individually and cumulatively on interactive maps (PSF, 

2016). These are intuitively displayed using benchmarks developed by the WSP to identify 

relative levels of threat (red- high, yellow-medium & green-low) to salmon habitat within the CU 
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(PSF, 2016). Additionally, the PSE uses this stop-light coding system, to display the biological 

health of the CU: 'green' (healthy), 'amber' (fair), or 'red' (poor) (PSF, 2016). Open access to the 

PSE means that its information is available for all, with the PSF's website citing potential users 

include:  

• Communities seeking to understand which salmon habitats are the most at risk of 

degradation from various human and environmental pressures and where future development 

could pose additional risks to salmon habitat; 

• Industry seeking to use it to understand how they may be contributing to and interacting 

with other land-use pressures in the region; and 

• Governments of all levels seeking to use it for developing better policies around salmon 

conservation and protection (PSF, 2018).  

 

Relative to other DSTs that simply allow viewing of point location data for habitat or threats, the 

PSE stands out as a DST, given that it provides significant value-added information to those 

working in salmon management. While identifying the presence of habitat and threats is 

valuable, without context as to their relationship to salmon habitat use or salmon survival, this 

information alone does not support management in the decision-making process. The stop-light 

coding offers users a quick and intuitive visual to both the state of CU and the cumulative level 

of threats present. Identifying these parameters has been applied to determine where to allow 

development and where to enact protections. Specific responses to color-coding are dependent 

on the type of threats present.  Unlike the FWMT, this tool does not operate in real or near-real 

time, as it is dependent on DFO fisheries data. This means that the data must be updated 

regularly to ensure that the relevance and effectiveness of this tool persists. However, with 

concerns around the quantity and quality of some DFO population data, there are inherent 

limitations to the accuracy of this tool.  

2.8.3 Watershed-scale Management of Salmon: A Lewis River Case Study 

Salmon management at the watershed level requires cross-sectoral coordination of a variety of 

agencies overseeing various jurisdictions to effectively manage several species and habitats 

(Steel et al., 2008). Given that watersheds can extend over vast spatial landscapes, coordination 

at this level is infinitely more challenging than for a single species or habitat within the 

watershed. Also, our lack of understanding of the cumulative impacts a landscape has on in-

stream habitats or fish responses to those impacts is currently limiting our ability to adequately 
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protect or mitigate those impacts (Steel et al., 2008). As such, past efforts and particularly those 

involving habitat restoration monitoring, were done on a smaller scale at the individual reach 

level (a segment of a river) to simplify the process (Steel et al., 2008). Ultimately, the goal of 

habitat managers is to effectively improve habitat conditions for salmon, in such a way that 

salmon populations persist or rebound (Steel et al., 2008). To do this, they must weigh through 

several strategies, eventually picking the best-suited one for a given location and being a 

complicated process and one that relies on understanding how a specific strategy will impact 

future conditions and salmon survival (Steel et al., 2008). While there is extensive literature to 

support this at the reach-level, there is very little to scale this up to the watershed, where a suite 

of actions will be required and an understanding of their cumulative impacts (Steel et al., 2008).  

As such, this led Steel et al. (2008) to develop a DST to support the selection of multi-species 

salmon management strategies at the watershed scale. Using the Lewis River watershed in the 

lower southwest corner of Washington State (USA), they created a forecasting DST to predict 

the effects of alternative management strategies on future chinook salmon habitat and chinook 

salmon survival. Current approaches using sole DSTs to look at either habitat conditions 

(Ecosystem Diagnosis and Treatment strategy (EDT) model) or population metrics (Population 

Viability Analyses), however neither of these explicitly link population performance to habitat 

conditions or vice versus (Steel et al., 2008). For their study, they used a collection of currently 

available data and models commonly applied to large-scale in-land fisheries management. This 

multi-step approach was novel in that rather than using the models independently (Table 1), they 

applied them collectively (Steel et al., 2008), which allowed them to forecast several habitat 

parameters as they applied to future landscape conditions. Their objectives were to identify 

strategies and actions that would lead to desired future landscapes. These were then modeled to 

determine their relative effectiveness. The results of the study were displayed in map format, 

allowing managers to quickly identify trade-offs made and their corresponding value from 

various actions taken throughout the watershed. 

Table 1: The multi-step workflow outlined in the Steel et al. (2008) report on developing a 

watershed-level DST for salmon management in the Lewis River. 
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With a shift in salmon management to a more comprehensive and EBM approach, the use of 

models to predict environmental responses and calculate cumulative effects has become 

increasingly important. This study conclusively showed the capacity for predictive modeling 

DSTs to support salmon management. While it is understood that making predictions of future 

landscapes is inherently uncertain, the use of multiple models in this study effectively reduced 

this and provided more robust results (Steel et al., 2008). The authors indicated that this study 

could effectively be applied in other watersheds to support management planning there, given 

that most of the models were readily available. Additionally, others could use this study to guide 

them in planning monitoring initiatives, to acquire the valuable habitat and population data 

required to manage salmon at a watershed level effectively.  

2.8.4  Seasketch and the Marine Planning Portal for the North Coast (MaPP) 

During the last decade, work to define and unite the planning and management priorities of 

British Columbia's portion of the Northern Shelf Bioregion of the Pacific Ocean, has 

accumulated in the creation of the Marine Planning Partnership for the North Coast (MaPP). 

Encompassing the roughly 102,000 square kilometers of primarily uninhabited and undeveloped 

coastal regions under one overarching management body has been an ongoing exercise in 
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collaborative co-governance and integrated management between the province of British 

Columbia and seventeen First Nations governments (Mappocean.org, 2020). Working with 

multi-sectoral stakeholders, expert technical and science advisory groups, and First Nations 

traditional knowledge, saw the development of four sub-regional marine spatial plans 

(Mappocean.org, 2020). By defining acceptable uses, permitted activities, and designated 

protected areas, these plans provided recommendations for key management objectives regarding 

sustainable development and stewardship within the MaPP region (Mappocean.org, 2020).  

This significant undertaking was realized through the synchronized development and use of a 

marine zoning DST (Mappocean.org, 2020). The result was the MaPP Marine Planning Portal, a 

sophisticated online planning tool, built to allow participants centralized access to regional 

information. Operating off one of the most globally recognized marine spatial planning platforms 

(Seasketch), MaPP was defined as a "DST" given that the information stored within it, was both 

accessible and workable, to support participant’s decisions regarding the formation of the marine 

spatial plans. Operating as an online web map, MaPP offered users both remote and private 

logins whereby they could access multiple functions, including the ability to view ecological, 

social, cultural, economic, and administrative spatial layers, explore associated metadata, and 

create tailored maps (Mappocean.org, 2020). However, the tool's most significant feature was its 

conflict visualization and analysis capacity. Offering a common project platform, that could be 

accessed individually and collectively, allowed users to simultaneously overlay data layers and 

explore potential conflicts, while also generating instantaneous feedback. With MaPP able to 

present  ecological, social and economic data layers, as well as links to the marine spatial plans 

derived from them, users could gather an understanding of the climate of the region and use the 

associated values and goals of the plans to guide them in the decision-making process. 

Relative to other DSTs, MaPP focussed not one the management of the resource, but on the 

spatial management of the region's human activities and resource uses. This multi-focused 

approach allowed users to manage several issues simultaneously. Vital to the development of the 

tool was the inclusive, respectful, and transparent consultation process, which led to agreements 

on fundamental shared values, as well as clearly defined objectives to reduce spatial conflicts, 

support economic growth and maintain ecological integrity across the region (Mappocean.org, 

2020). With the rise of other participatory governance groups around the coast, MaPP can act as 

a model for the development of other regional DSTs. 
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DSTs use does not necessarily guarantee the best outcome. Rather their strength lies in their 

ability to organize, display, and manipulate information, thereby increasing users' ability to grasp 

it and overall streamlining its synthesis into the decision-making process (Romanach et al., 

2014). As the collective toolkit of DSTs continues to grow, choosing the right tool will be 

dependent on an understanding of what tools are available, their suggested purposes, and their 

applicable functionalities to meet the growing needs of fisheries managers (Schwartz et al., 

2017). With the above examples offering examples of real-time, indicators, forecasting, 

modeling, cumulative impacts, scenario development, conflict resolution, and MSP, these are 

still only a small snapshot of the various types of DSTs currently available to salmon managers. 

2.8.5 Marine Ecosystem Reference Guide (MERG) 

From 2010 to 2014, WCA undertook an extensive information gathering process, whereby they 

used interviews, online surveys, and public events, to collect information on the local 

environments, natural resources, social systems, activities and uses within the region (WCA, 

2016). These efforts led to the collection of scientific, traditional, and local knowledge about the 

WCVI and its surrounding waters that was used to create over 300 thematic layers. This 

knowledge guided the basemaps, jurisdictional boundaries, physical oceanographic data, 

ecological data, and human uses now compiled within MERG. Operating as a web-based 

geoportal, MERG offers users an interactive web-mapping interface to view these thematic 

layers. Like other web-GIS, MERG allows users to inspect data layers, query their associated 

attributes, and customize their viewing experience with zoom, identify, pan, and transparency 

options. Users can also import shapefiles, produce customized maps, and share these products 

over the internet.  

Initially envisioned as an MSP tool, to support spatial management, zoning and increased 

responsible marine uses, along the WCVI, WCA included regional narratives to provide users 

with context for the environmental, social and economic conditions in the area. The logic, being 

that these would act as recommendations to guide development and future uses. With the DFO 

FMAs and sub-areas, used to determine management boundaries areas, these regional boundaries 

failed to identify fine-scale complexities within (WCA, 2017). Therefore, wanting to guide users 

at multiple scales they created the 'marine units' (Table 2). Marine units are finer-scale 

subdivisions used to capture geographic areas composed of similar biophysical characteristics, 

social and cultural value, and human uses and activities (WCA, 2017). Marine units have four 
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main components; physical characteristics, attributes, unit emphasis, recommended activities, 

which provide the information on the units, physical environment, main uses, value, and overall 

character (WCA, 2017). The 'physical characteristics' component, is a collection of key features 

that have been determined to be valuable as environmental indicators (WCA, 2017). This 

component is a subsection of the BC Shorezone Biophysical inventory mapping done along the 

entire coast from 1990-2007. The development of the marine unit is something unique to MERG 

and not something found in the other DSTs reviewed in this work. The value in this detailed 

information is that it can support several activities in the area by identifying conflicts with 

existing ecological, social, or political uses or values assigned to the marine unit (WCA, 2017). 

Focusing at the finest scale (similar to a city block), the applicability of the marine unit is that it 

can support future developments or protections of the coastline, in-line with current site-level 

practices such as aquaculture, stewardship, port development, or MPA designation occurring in 

the region. 
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Table 2: Four key components of a marine unit, developed to guide activities on the WCVI.(West 

Coast Aquatic, 2017). 

Component Attributes 

Physical  

Characteristics 

 

Marine Area: area of the unit in km2 

Substrate: described as hard (bedrock dominant, boulder dominant), mixed (soft surface 

with a patchy distribution of larger particles, soft surface with no large particles) and soft 

(sand or shell, mud) 

Rugosity: defined as the ratio between the 3-dimensional area and 2-dimensional area of 

the marine unit 

Current: average current in knots 

Exposure: described as very protected, protected, semi-protected, semi-exposed, 

exposed and very exposed 

Shoreline: described as rock, rock, and sediment, sand or sand, and gravel, mudflat, 

estuary, modified 

Slope: described as low, moderate, steep 

Depth: representative depth in meters 

Summer Benthic Temperature: degrees Celsius 

Summer Benthic Dissolved Oxygen: milligrams/liter 

Attributes Biophysical attributes 

Administrative boundaries, tenures, and community development 

Fisheries, seafood and other marine resources 

Marine transportation 

Tourism and recreation 

 and restoration 

Unit Emphasis Community Emphasis: These marine units are core areas designated for the growth and 

development of existing communities and their numerous associated uses and activities. 

Official Community Plans (OCPs) are the main implementation mechanism for area 

designations within these marine units. 

Conservation Emphasis: These marine units include the key ecological, social, 

recreational, and historical value that should be preserved for their present and future 

value and function. Uses and activities (including those in adjacent planning units) 

should be compatible with identified conservation features. 

Integrated Marine Emphasis: These marine units include areas that are important to a 

diverse range of economic uses and activities as well as more remote areas where there is 

limited development potential. Also, these units may contain social, ecological, and other 

value. 

Recommended 

Uses and  

Activities 

Recommended: The use or activity is considered to be acceptable and appropriate for 

further evaluation.  

Conditionally Recommended: The use or activity is considered to be acceptable and 

appropriate for further evaluation only under certain conditions.  

Not Recommended: The use or activity is considered to be not suitable (e.g., 

incompatible with upland use), not appropriate (e.g., is not permitted due to government 

regulation) or does not match the area's capability (e.g., biophysical or spatial).  

 

Finally, MERG also contains area designations, which outline areas based on their importance 

for a particular type of use, activity, or value (Table 3). The scale of these designations are a step 

up from that of the marine units and focus more at a neighbourhood level, to account for the 

larger number of systems and interactions occurring within them. These designations do not 

provide legal ground to exclude other uses; instead their objective is to provide those looking to 
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operate in a specific area, more detailed information about the particular value of that location,  

in order to increase the compatibility of uses in an area (WCA, 2017). 

Table 3: Area Designation layers within MERG, pertaining to the primary recommended use 

of an area.  

Component Attributes 

Area Designations Ecologically Significant Area 

Cultural Management Area 

Tourism and Recreation Area 

Finfish Aquaculture Area 

 Shellfish Aquaculture Area 

Marine Transportation Route 

Community Development Area 

Industrial Use Area 

Fishing Area 

 

Ultimately, the goal of science is to inform and direct policy, therefore, it is logical that the 

primary use of DSTs is to assist decision-makers with visualizing the impacts of certain choices 

and potential alternatives. With DSTs having also been shown to provide valuable insight into 

the context of choices, in relation to both the geographical and attribute space they occupy,  this 

subsidiary functionality raises them above simple visualization tools such as charts and maps 

(Andrienko and Andrienko, 2003). Looking at the earlier examples of DSTs introduced in this 

section and drawing on some of their relevant features, can be used to expand MERG's scope, in 

support of salmon management and conservation on the WCVI.  

With Schwartz et al. (2017) having indicated that the value of DST is not merely in their ability 

to display data, the system's real value is in its capacity to reveal essential information about 

relationships, patterns, and trends. They do so by letting the user explore the data via 

downloading, querying, and analysis, thus distinguishing them as tools for decision-making.  The 

case studies provided in this section exemplify these sentiments and provide evidence for DSTs 

as a tool, to enhance user engagement, comprehension, and decision-making. From the 

Okanagan FWMT offering real-time hydrological conditions to assist managers in maintaining 

water levels for salmon survival to the PSE and Lewis River DSTs providing modeled outputs 

for present and future salmon habitat and population indicators, each tool offers users insight and 

guidance for implementing 'best-fit' management initiatives. Determining what is 'best-fit' should 

not, however, be limited to a single focus, such as the ecological 'best-fit' or social or economic. 

EBM calls for a balancing of these factors for a 'triple-bottom-line' approach to management. As 
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such, each of the above DSTs would stand to benefit from the inclusion of the 'human element' 

presently in MaPP and MERG, as these portals have included the value, goals, and visions of 

their respective regions. The reason being is to see that management values and goals align with 

those of the region, thereby facilitating the spatial matching of goals to actions, to increase their 

effectiveness, adoption, and compliance. 
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3 Methods- SRTs & MERG 

3.1 Background & Methodology 

With the devolution of governance to local levels, their legitimacy relies on active participation 

from stakeholders at all stages of the decision-making process (McCall, 2003). As participation 

alone, does not guarantee improved decision-making, a common theme from the literature has 

indicated a growing need for local data integration and accessibility to stakeholders (Elwood, 

2008). Found to have a high societal value, publicly disseminated geospatial data, can be 

attributed to improved decision-making by stakeholders engaged in fisheries management 

(Elwood, 2008; Terry and Idols, 2009). However, previous research on the use of geospatial 

technologies has often failed to consider the challenges facing by local-level governance data 

users (Elwood, 2008). Therefore, there is a need for research which looks specifically at ways of 

increasing public participation to address these challenges, to advance the identifying, producing, 

and sharing spatial information, and also how this appropriately scaled data should be integrated 

into these systems.  Having experiences these challenges firsthand, local governance groups and 

stakeholders are inherently positioned to contribute to overcoming them.   

Gathering information from stakeholders can be conducted in a number of ways, however, the 

method chosen must seek to account for the capacity of both the gatherer and the respondent and 

align with the goals for needing the information in the first place. Cold calling, has been found to 

be too intrusive, limiting the willingness and openness of the participant to share information due 

to concerns over the legitimacy of the caller. Additionally, given the diversity among stakeholder 

groups, finding the appropriate time to catch participants can be challenging. With the potential 

for limited technical access or capacity among stakeholder groups, online questionnaires or 

surveys can also fail to reach this group or receive limited responses. While valuable data can be 

gathered from group sharing exercises, they can sometime exclude the less vocal participants. 

Therefore, informal interviews are often the used to gather information from stakeholders as they 

have been found to encourage a deeper level of engagement and sharing by both parties, leading 

to an increased buy in from stakeholders feeling that their voices were valued and could 

positively contribute to the outcome (User research methods, n.d.). The benefit is that the results 
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are reflective of the true needs of the end user, rather than assumptions (User research methods, 

n.d.). The challenges of this approach are however, that it is more time and resource intensive. 

3.1.1 Rationale 

With Section 2, having reviewed the value of spatial visualization tools (GIS) for fisheries 

management and by participatory governance bodies, the goal of this section was to identify 

ways for MERG to integrate information sharing, communication, and collaboration among the 

SRT participants. By transparently providing spatial data about the local environment, it is 

believed that MERG can support the community-level planning and place-based decision-

making currently underway on the WCVI. Therefore, WCA felt that by consulting with the 

participants of the SRTs, to gather information about their data needs and the challenges they 

face as a local governance group, that insights might be gained into MERG’s capacity as a 

decision support tool for them. Seeing the development of MERG into an active DST will not 

only benefit the SRTs chinook salmon work but will also aid other groups and efforts in support 

of the integrated management, conservation, and restoration of salmon resources on the WCVI.  

3.1.2 Identification of Relevant Data 

As outlined in the previous sections, there is a broad need for tools such as GIS to support the 

management of salmon. Therefore, to gain an understanding of the specific needs of the SRTs, as 

they pertain to managing salmon populations on the WCVI, a structured questionnaire was 

developed. This approach was anticipated to provide context for the capacity of MERG to 

support the SRT in progressing the overarching goals of the current WSP and, more specifically, 

those of the chinook rebuilding plans for the WCVI stocks. The questionnaire looked to gather 

information about the SRTs in three areas: Section A referred to the current overall technical 

capacity and use of GIS by participants, as well as, the presence of any barriers to its use; Section 

B, referred to the acquisition and availability of spatial data, explicitly through the use of open-

source web-portals, inclusive of MERG; and Section C, expressly dealt with the current spatial 

data needs of participants and the challenges they experienced in sharing spatial data amongst 

themselves. The questionnaire was prepared with a grading schematic that would allow for the 

predominantly quantitative analysis of respondent’s answers, however, opportunities for 

qualitative responses were also included to encourage participants to supplement their responses 

or ask questions of the interviewer.  Delivery of the questionnaire used structured interviews, 
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whereby all participants were asked the same list of questions in a systematic order. The benefit 

to this method of delivery is that it is perceived as fairer and objective, rather than biased or 

subjective towards a particular respondent (“A Quick Guide to Semi-Structured Interviews,” 

2020). As responses collected in this fashion are more easily comparable and, as such, more 

legally defensible (“A Quick Guide…”, 2020). 

3.1.3 Participant Selection 

Overall, the number of participants at a roundtable meeting is variable, between the regions and 

the type of roundtable (harvest or stewardship), and also between years and individual meetings. 

While they strive to be representative, this fluidity can sometimes see some groups 

disproportionately represented or excluded. For this research, WCA provided a non-randomized 

participants list, while not an all-encompassing list, it was instead compiled to ensure the 

opportunity to speak with representatives from each other the various stakeholder groups. Fifteen 

potential candidates were initially contacted by email to seek their participation. This email 

included an introduction to the interviewer, the project, and its affiliation to WCA (Appendix A). 

Participants were asked to respond by email if interested, so a face to face interview could be 

scheduled. Follow-up emails were sent to those that had not responded to the first email. Of the 

fifteen participants approached, ten responded and agreed to participate. However, there was no 

reply from the other five at all. 

3.1.4 Method of Delivery 

Throughout October, November, and December, interviews were scheduled with participants 

according to their availability.  Given the unpredictable fall weather on the WCVI, the nature of 

participant’s jobs, and their remote locations, numerous rescheduling occurred. Of the ten 

interviews conducted, five were done face-to-face by the interviewer driving to meet participants 

mid-island and out on the Westcoast. Video conferencing was used for one interview, and the 

other four occurred over the phone. The average length of the interviews ran for approximately 

45 minutes, with the shortest taking 20 minutes and the longest taking 2 hours. Participants were 

emailed an Informed Consent Letter to review and sign before commencing the interview 

(Appendix B). Responses were directly recorded into the questionnaire and also captured via 

audio recording, such that they could be reviewed later to ensure all relevant information was 

obtained. These audio recordings were transcribed using Google Dictate and audio playback 
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methods, as some participants required copies of their responses to verify for accuracy and 

disclosure. It was communicated in the Letter of Consent and again before commencing the 

interview that participants would not be specifically identified in the results used in this research, 

shared with the SRTs, nor any subsequent publications. Given the intimate nature of the SRTs 

and the WCVI community in general, anonymity was maintained by assigning participants a 

number designation. This corresponds merely to the order in which they were interviewed, rather 

than recording their names or affiliations.  

3.1.5 Questionnaire Development 

The questionnaire consisted of 38 questions (Appendix C). Given the remote location of some 

SRT members, the questionnaire was initially envisioned for online distribution. As such, a  

variety of question structuring techniques were employed. These included; closed-single answer 

questions; closed-multiple answer questions; semi-open questions and open questions to 

maintain the engagement of the participant as recommended by Dr. C. Chambers, during her 

lecture on qualitative survey design and analysis (Chambers, 2019). To analyze quantitative 

responses, a standardized numeric coding scheme was also developed and included in the 

questionnaire template. However, this had to be modified due to limited responses around the use 

of open-source sites, the use of MERG, and the identification of required spatial data themes. 

Therefore, rather than ranking these questions, they were recoded using a binary code of 

‘response’ or ‘no response’ (0-1). To capture qualitative responses, the analysis software 

ATLAS.ti was used to detect themes in the transcripts of participant’s responses to the open-

ended questions through inductive coding. ATLAS.ti is a widely recognized qualitative analysis 

software for coding interview data and identifying a system of meaning within it (Atlas.ti.com, 

2020). The selection of coding themes was made based on the primary marine data themes 

indicated as essential data to the user (Terry and Idols, 2009; Tavra et al., 2017), common 

benefits of GIS use (McCall, 2004), and common issues among stakeholders involved in the 

participatory process (Garcia et al., 2003). An overall breakdown of the results was captured in a 

spreadsheet format and provided to WCA (Appendix D). 

The basis of the questions was developed through a combination of a literature review and from 

project development sessions with WCA, whereby they directly expressed their interest in 

specific areas. The goals of the questionnaire were three-fold;  
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(1) to understand if and how the SRT members were using GIS to determine if MERG 

could support them in this. 

 

(2) to identify how they accessed information, particularly through the use of other open-

source web-portals and then to assess their satisfaction with these sites as a means to 

compare their functionality to that of MERG’s. The identification of potential disparities 

in functionality would allow for possible expansion of MERG’s present functionalities. 

 

(3) to identify the main sources of data required by participants and determine if MERG’s 

data collection was applicable for use by the SRTs. The identification of potential data 

gaps would allow for possible expansion of MERG’s current data collection. 

 

3.1.6 Sample Questions  

The development of section A was done using Merry et al. ’s (2016) “A survey on the use of GIS 

employed by graduates in forestry resource management” and Ye et al. ’s (2013) “Exploring the 

barriers and opportunities for underexploited GIS applications,” as guidelines. Questions were 

developed from these reports, as they were perceived to be relevant, given their focus on GIS use 

by resource managers and increasing the capacity of  GIS systems. As such, questions 

specifically asked if participants were using GIS, how they were using it, and if not, what were 

the barriers faced (Figure 6). 
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Figure 6: SRT questionnaire, Section A- Understanding participant’s use of GIS and barriers to 

its’ use (adapted from Merry et al., 2016). Light grey numerical values correspond to the coding 

scheme used to analyze responses. 

 

In regards to section B and the use of web portals, an internet search was performed, in 

conjunction with previous knowledge, to compile a current list of web portals offered by various 

agencies. The web portals included in the questionnaire were all explored to ensure they 

contained potentially relevant marine content to the WCVI region and to ensure they were still 

functional, as some of the web portals identified, were no longer being maintained. In case of an 

unlisted web-portal being identified by participants, an ‘other’ category was provided to capture 

these responses. Referencing a report on the use of, and direct functionality of online GIS sites 

by Guan et al. (2015) as a template, specific questions were aimed at how participants used open-

source web-portals and their level of satisfaction with the functionality of their various 

components (Figure 7). Questions about MERG were included in this section to gauge the level 

of awareness of this portal and to identify any current uses.  
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Figure 7: SRT questionnaire, section B- Understanding of participant’s specific use of, and 

direct functionality of online GIS portals (adapted from Guan et al., 2016). 

 

Section C dealt explicitly with the needs of participants and was constructed from project 

development sessions with WCA board members and a review of common data themes included 

in marine DST. For questions regarding the types of spatial data needed (Figure 8), given the 

vast array of spatial data and their potential uses, broad data-themes were developed as per the 

FAO’s reports on marine data themes (Terry and Idols, 2009; Tavra et al., 2017). An ‘other’ 

category was provided to capture any additional theme results.  
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Categories of Data Indicated as 

Important 

Level of 

Availability 

Hydrography - bathymetry and elevation, topography of submarine, 

geology, coastline, rocks and reefs, substrate, sea areas, and 

boundaries; 

  

Oceanography - tides, ocean currents, winds, nutrients and oxygen, 

sea temperature, salinity and density, water column features, 

meteorology; 

  

Marine Biology / Scientific - phytoplankton and zooplankton, marine 

ecosystems, biodiversity, marine species and populations, seabirds, 

habitats, and geomorphology; 

  

Ecology, Environmental - nature protection, pollution, sewage 

discharge, ocean dumping, seawater intake, ecological functions and 

services, water-quality parameters; 

  

Maritime Governance - Marine Protected Areas (MPAs), maritime 

routes, commercial leases, jurisdictional boundaries, tribally governed 

areas, regulatory use restrictions; 

  

Transportation - commercial shipping, cruise ships, military vessels, 

AIS Systems, navigational aids - charts, lighthouses, buoys, fog 

signals, and day beacons; 

  

Infrastructure - orientation facilities, ports, and harbor facilities, 

underwater transmission cables, pipelines, power grids, and other 

structures; 

  

Industrial, Commercial - energy production including wind, wave, 

tidal, current, thermal, oil & gas; fisheries, aquaculture, seaweed 

harvesting, forestry, and mining extraction; 

  

Tourism, Recreational, Cultural Use - facilities and services for 

small boats, tourist information, diving/snorkeling/swimming areas, 

wildlife viewing at sea, archaeological sites, shipwrecks, shore use, 

nature parks and protected reserves, beaches, and recreation areas, 

recreational fishing; 

  

Salmon population data- associated habitat,  and status of spawning 

grounds, migratory rivers, and estuaries; 

  

Restoration and stewardship work- Past, present, and future work, 

along with metadata on outcomes. 

  

Figure 8: SRT questionnaire, Section C- data themes used to categorize participants’ responses 

regarding spatial data needs for potential (adapted from the FAO’s reports by Terry and Idols 

(2009) and Tavra et al. (2017) on marine data themes). 
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4 Results- SRTs & MERG 

4.1 Overview of Analysis 

This section explores the results of the interviews, which provided insight into several key 

themes; (1) the current capacity of the SRT to use GIS, (2) current means of data acquisition, 

specifically focused on the use of open-source web-portals, and (3) the common and unique 

spatial needs of the SRTs as they pertain to salmon management and conservation on the WCVI. 

The results are displayed in graphical form for straightforward interpretation and comparison. 

Overall, the results indicated adoption of GIS by SRT participants was still in the early stages, 

however, there was a collective desire to increase its use.  Responses also indicated that 

participants identified key uses and data access needs of the SRTs, as well as provided 

information about the challenges faced in communicating among SRT members. With some 

participants offering suggestions on ways, they felt GIS could overcome these. 

4.2 Section A: GIS use by participants of the Salmon 

Roundtables (SRTs) 

4.2.1 Quantitative Analysis 

The diversity of the SRTs was expressed in the assortment of participants interviewed. Interview 

participants included those affiliated with government agencies (2), industry (1), non-profit (2), 

and First Nations (5). Of the participants interviewed, all of the participants said they were 

currently using GIS in some capacity (10). Still, almost all participants expressed that their use 

was not to a level that would fully utilize the system or benefit the work that they did (9). As to 

the type of user, they responded as either; only consumers of data (2), only producers of data (3), 

or both(5) (Figure 9). Of the respondents that said they were presently generating their own data 

(5), given their current capacity, the majority of them said they were currently only 

georeferencing this data with GPS coordinates and had yet to load it into GIS. Thus, awaiting a 

time when they would be able to work with it in a spatial capacity. 
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Figure 9(a-d): Responses from participants (in percentage) regarding a. Affiliation of 

participants. b. Indicated they were using GIS. c. Indicated in what capacity.  d. Indicated the 

type of GIS data user they were. 

 

As to the primary uses of GIS (Figure 10), all participants responded that they used it primarily 

to view spatial data and make maps (10). There were limited responses for creating data and 

managing its attributes (2), managing geodatabases (2), spatial analysis (4), and modeling (3). Of 

those participants that worked with spatial analysis (3) or modeling (4), two indicated they only 

viewed the results (2), and that consultants had done the work. The building of web applications 

was not indicated as a use by any of the participants (0), while ‘other’ uses identified by 

participants included feature delineation using imagery analysis (2) and specifically TEK 

mapping (1). Of those that used some of the more advanced functionalities of GIS (spatial 

analysis or modeling), this group was limited to those in the government, industry and one of the 

non-profit groups.  

Type of data user 
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Figure 10: Identification of the primary uses of GIS by affiliation of SRT participants. 

 

As for the division of labor, the group’s responses were split; done internally (2), done by 

contractors (2), or a combination of both (6). For ‘both’ category responses, most indicated that 

they were able to make simple maps or view the consultant’s final maps but left the majority of 

technical data processing work to the consultants. When asked about the presence of barriers to 

the use of GIS, the main reasons reported by participants for its limited use were; lack of trained 

people (7), lack of funding (7), currently contracting services out (5) and not a priority (4). It is 

understood that these barriers are interlinked, thus perpetuating the lack of GIS use (Figure 11). 

The results also showed that industry participant did not indicate any barriers, while First 

Nations participants appeared to experience all of the common barriers indicated from the 

literature. 

0 2 4 6 8 10

To view geographic information or spatial data

To merge and join features and attribute

To manage databases

To perform spatial analysis

To build models and generate modelled…

To build web applications

Other-Imagery work & TEK Mapping

Affiliation of Participants 

Number of Participants 

First Nations Government Industry Non-Profit



52 

 

Figure 11: Identification of common barriers to the use of GIS among SRT participants and their 

affiliations. 

 

Looking at the participant’s awareness of the value of GIS, they were asked if GIS could or does 

positively contribute to the work they did? And if there was an interest in increasing the use of 

GIS in their organization? All of the participants replied yes to both questions (10). In regards to 

enhancing their GIS capacity, participants (9) identified ways that they required more 

information to increase their use of GIS by indicating further information on ‘where to get 

training’ (9) and ‘where and how to get funding’ (8) as their two primary needs to increase their 

use (Figure 12). Based on the participant’s affiliations it can be seen that the industry participant 

indicated this question was not applicable, which aligns with their previous answer. All other 

participants from the other three affiliations, indicated requiring further information on ‘where to 

get educational training.’ While those affiliated with First Nations groups identified requiring 

further information from each of the questions categories. 
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Figure 12: Reponses from participants by affiliation on what areas they required more 

information in to increase your use of GIS. 

 

4.3 Section B: Use of Web Portals and Data Catalogs  

4.3.1 Section B-Quantitative Analysis 

This section looked at the participant’s use of open-source web-portals as a means of assessing 

MERG’s usability and functionality against other open-source platforms. The rationale being that 

if specific open-source platforms were found to have a higher collective use or offered unique 

features or functionalities that set them apart, then they would be assessed against that of 

MERGs’ and if  deemed relevant than the feasibility of incorporating them into MERG would be 

explored. Overall this section of the questionnaire received limited responses regarding the use 

of open-source web-portals. This section also asked about the participants’ familiarity with 

MERG. If familiar, they were then asked to indicate their reason for use, and their satisfaction 

with its functionality. Regarding familiarity with MERG, participants responded ‘yes’ (5), ‘no’ 

(4), and ‘not sure’ (1). When asked how they had heard about MERG, participants responded 

‘found it through a web search’ (2), ‘part of the development process’ (2*), and ‘looked at it 

before the interview’ (2). *It was noted that this included the participant that had previously 

stated they were ‘not sure’ in the previous question about familiarity with MERG, but they felt 
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that their organization would have been involved in the development process. Overall, the 

remainder of the questions on the use of MERG (Section B # 4-15) was unusable, as nine of the 

participants had not previously used the system. 

When asked about the use of other open-source web-portal/ data catalogs (Figure 13), the 

majority of participants responded ‘yes’ (8) to having used them, versus ‘no’ (2), of whom (1) 

indicated their non-use was because they had direct access through licensing agreements. Of 

those participants that indicated they were accessing open-source data sites, the most common 

sites used by participants were Pacific Salmon Explorer (4), GeoBC (4), and Google Earth (4). 

Other commonly used web-portals included the province’s iMapBC (3) and Environment 

Canada’s Hydromet (3) web-portals.  

 

Figure 13: The various open-source web-portals indicated as used by SRT participants and the 

number of participants that used them. 

 

For this questionnaire moving forward, web-portals were divided into two categories based on 

their user interface and how users accessed data.  Web-portals were limited to those offering a 

mapping interface, while data catalogs were defined as those portals that provided access to 

spatial databases through the use of a search engine user interface. The following questions 

looked to ascertain the participant’s level of satisfaction with key functionalities of their 
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preferred open-source web-portals by a ranked Likert scale. However, the limited amount of use 

of open-source sites restricted the ranking of their functionalities to a simple binary “use” or “do 

not use” (1-0) coding. Of the participants that had explicitly worked with open source portals in 

their current roles (6), they identified using six mapping web-portals between them (Figure 14). 

The portals used, and the number of participants that had used them included: Coastal Resource 

Inventory Mapper (CRIM)(1), Habitat Wizard (1), Pacific Salmon Explorer (PSF) (3), IMapBC 

(2), Google Earth (3), and MaPP(1).  

 

Figure 14: Number of participants that had worked with open-source web-portals. 

 

Participants responded to what web-portals they had used and how they had used them (Figure 

15). The results of these individual uses are displayed in the graph as a percentage of the total 

use, i.e., Google Earth was identified as being used by three participants.  Of those using Google 

Earth (3), all-participants used it for visualization (3),  two participants used it to for uploading 

and downloading (2), data sharing (2), its relevant geographic scope (WCVI) (2), and its relevant 

scale of data (regional, local, terrestrial, and marine) (2) and one participant used it for its up-to-

date source. With Figure 14 identifying that most participants used Google Earth and the Pacific 

Salmon Explorer, Figure 15 highlights that these web-portals were also the ones to be used for 

the most applications.  
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Figure 15: The main ways of use indicated by the participants that had worked with these web-

portals. 

 

Participants were asked about their specific uses of common data catalogs. If they could rank 

their satisfaction regarding their functionality, this question received a very low response rate 

(2), with each participant having had only used a single data catalog (GeoBC and DFO-NuSeds 

salmon escapement database). Therefore, the Likert ranking was not performed, and a graph of 

the results was not produced. Overall, there was also a low satisfaction with some of the key 

features of these atlases.  

4.3.2 Section B-Qualitative Analysis 

Participants were asked what would improve the use of both web-portals and data catalogs. With 

regards to the use of mapping web-portals of the six participants that had worked with them, all 

of them used them for visualization and mapping (6). As such, the main themes for improving 

these systems centered on improved access to relevant scale and geographic scope data (local 

and regional) to work off of for basemaps, as well as, up-to-date imagery, time-series data, and 

elevation data to be used to plan fieldwork. Additionally, it was communicated that some of the 

web-portals were difficult to export maps; thus, improvements in the way they allow users to 

export specific areas would benefit them.  
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With regards to open-source data catalogs, while most participants had not worked with them 

(8), most of them (6), still shared their thoughts on ways to improve data access in general. The 

main themes indicated were around better direct access to downloadable data (lack of data 

32.4.%) including: relevant scale and geographic scope (local scope and scale 25.9%), more up-

to-date data (accuracy 11.9 %), and in more user-friendly (interoperability 8%) formats (Figure 

16). From the results it can be seen that those participants with a First Nations affiliation, 

communicated the most information regarding what ways themes, open source sites need to 

address. It can also be seen that the industry participant did not communicate that a lack of 

knowledge on data availability or lack of resources to access and use open-source sites were 

areas needing to be addressed In regards to specific downloadable data needs that would improve 

their use, habitat data, imagery, TRIM mapping, vegetation data, and salmon population data 

were communicated as important, with the need for imagery communicated as essential for 

assessing the state of the landscape and for change detection.  

 

Figure 16: Frequency of coding participant’s qualitative responses for ‘Issues with open-source 

data sites’ by affiliation using Atlas.ti. 
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4.4 Section C: Data needs of the SRTs 

4.4.1 Section C-Quantitative Analysis 

In this section, participants were asked directly about specific needs and data access as it 

pertained to their work with the SRT. As previously indicated, specific data needs were classified 

into broad categories for analysis purposes, following the FAO’s report on marine data themes 

(Terry and Idols, 2009; Tavra et al., 2017) participants were asked what data they felt were 

important to their work (Figure 17). Initially, this question had been envisioned to be ranked by 

importance using a Likert scale; however, participants reported that a category was either 

important or not. Therefore, their responses were coded binarily (1-indicated as important, 0-not 

indicated as important). The categories of data that were communicated as most important by 

participants were; ‘hydrography’ (10), ‘salmon population data’ (10), ‘oceanography’ (8), 

‘marine biology’ (7), and ‘restoration & stewardship’ (7).  

 

Figure 17: The number of participants that indicated specific categories of data were important 

for their work on salmon. 

 

The next question asked participants, to what degree did they feel this information was readily 

available (accessible and in a user-friendly format) for them to use. This question had also 

initially been envisioned as being ranked on perceived access using a Likert scale. However, 

given the overall limited access of spatial data reported in Section B, participants were asked to 
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indicate if the category was either difficult or easy to access. As such, their responses were to be 

coded binarily (1- difficult, 0- easy). The most challenging categories of data to access (Figure 

18) were ‘salmon population data’ (8) and ‘hydrographic data’ (7), followed by ‘oceanographic 

data (5) and ‘marine biology/scientific data’ (5). It was noted that those data perceived to be 

most challenging to access (population and hydrographic), were also those which were felt to be 

most relevant to the participants, in the previous question. The results also indicated that those 

affiliated with First Nations and Non-Profit groups felt most data was difficult to access, while 

the participant with an industry affiliation indicated most data was easy to access.  

 

Figure 18: Number of participants by their affiliation that indicated their perceived level of 

access to specific categories of data essential to their work. 

 

The next part of Section C specifically asked participants questions about their use of GIS for the 

SRTs, the scales of data they required, and if they could access specific federal salmon fisheries 

and population data. Most participants (8) indicated that they did not currently use GIS for their 

work at the SRTs (Figure 19a). However, they were still able to contribute to the subsequent 

questions as they were open to using it, and all of them felt it would benefit their work (Figure 

19b). Participants were then specifically asked at what scale do they require data for their current 

work (within or beyond the SRTs). All participants indicated that they required large scale data 
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for the work they do and that there was a lack of accessible local data for the region (Figure 19c). 

Participants were also asked about geographic scope for their data needs, with all (10) again 

signifying large scale and river-based (8), with the others (1) indicating site-specific or bay- 

based levels (1), and both (1) (Figure 19d). When asked about the use of raster or imagery data, 

responses were split, ‘yes’ (5), and ‘no’ (5). Of those responding ‘yes,’ all of them (5) indicated 

that they were currently working with satellite imagery to access temporal change detection of 

habitat and landscapes (Figure 19e). 

Conversely, of those that responded ‘no’ (5), most (4) added that they would like to start using it 

for similar work. Next, participants were asked specifically about the resolution of the data they 

required for this work. Of the participants currently working with/ or planning to start working 

with (9), all of them indicated that they would prefer high-resolution imagery down to a few 

meters (Figure 19f). 

 

Figure 19: (a-f): SRT participant’s responses to questions (in percentages) about; a. Use of GIS 

for SRTs. b. The perceived benefit of GIS. c. The scale of data needed. d. The specific focus of 

scale. e. The use of raster data. f. Resolution needed. 

When asked if participants used or had access to an individual account for saving and sharing 

spatial information or its products (Figure 20a), responses were divided between ‘yes had access’ 
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and using (4), ‘yes had access’ but not using, and ‘no did not have access’ (2). Of the participants 

that indicated ‘yes’ they had access but were not using it, they stated they had access to an 

ArcGIS account through the Maa-nulth Treaty Agreement but had yet accessed the system or this 

feature. Overall, all participants (10) indicated that an individual or shared private account would 

benefit the SRTs, as well as to their work (Figure 20b). 

When asked explicitly about having spatial data access to salmon RISK assessment data, all 

participants (10) indicated that they did not currently have access to this data (Figure 20c). All 

participants (10) felt it would be of value* (some stating essential) to the work they did (Figure 

18d). When asked about having spatial data access to fisheries closure information, most 

participants responded ‘no’ (8) versus ‘yes’ (2) for having access (Figure 20e). Of the 

participants that responded ‘yes,’ one had direct access, and the other stated that they could 

access GPS coordinates, but that it was challenging to get. It was mentioned that the DFO was 

working on a real-time app for fisheries closure information and that there was currently a 

provincial mobile app of the same nature available. When asked if they felt fisheries closure data 

was necessary for their work with the SRTs, participants responded ‘yes’ (9). At the same time, 

those who answered ‘no’ (1), added the caveat that this was because it was not directly 

applicable to their work (Figure 20f). 

When asked about having access to funding, to increase their use of GIS for the SRT (Figure 

20g), participants responded ‘yes’ (9) to having some level of funding available (but as 

previously mentioned in Section A, not necessarily the time or people to act on it). When asked 

if they would support allocating funds, or campaigning for funding towards the increased use of 

GIS by the SRTs, all participants (10) indicated they would support/ campaign for funding to 

increase the use of GIS by the SRTs (Figure 20h).  
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Figure 20: (a-h): SRT participant’s responses to questions(in percentages) about; a. Access to 

an individual account. b. The perceived benefit of an individual account. c. Access to RISK 

Assessment data. d. The perceived benefit of access to RISK data. e. Access 

 

4.4.2 Section C-Qualitative Analysis 

In this section, participants were asked directly about their specific needs and data access as it 

pertained to their work with the SRT. Most participants (8) indicated that they did not use GIS 

for their work at the SRTs. There was, however, a consensus that given the nature of the SRTs 

that it was important for them to use adequate methods and tools to support their work. This 

included adopting GIS into the decision-making process, to assist them to understand the 

problems under discussion, and the potential impacts of alternatives.  

When asked about their data requirements, while the participants each indicated relevant 

categories, they also offered specific data and, in some cases, its use. Themes around data needs 

and use included habitat, time-series (annual), RISK indicators, population (counts), imagery, 
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and water-levels. Based on coding their responses, the frequency of these responses indicated 

that most participants required habitat (20%), salmon population (12%), and oceanographic 

(bathymetry & benthic) (11%) data for their work (Figure 21). 

 

Figure 21: Frequency of coding participant’s qualitative responses for ‘Data Needs’ using 

Atlas.ti. 

 

When asked about what challenges participants faced when communicating information at the 

SRTs, a few themes arose around: 

● Accuracy- In the quality of data, given the date of methodology or source. 

● Trust- Around the lack of trust for information and its sources. 

● Transparency- On what was trying to be achieved and how, by some. 

● Clarity- Confusion around the local or traditional naming of geographic places 

concerning boundaries or lack of clarity in what was being communicated.  

● Conflict Resolution- To balance uses around (access) and perceived concerns. 

Based on coding their responses for challenges participants faced when communicating 

information at the SRTs, the frequency of these responses indicated that most participants 

believed the greatest challenges were around accuracy (27%), clarity (24.5%), objectivity (12%), 

trust (11%), and conflict resolution (9.5%) (Figure 22). 

0% 5% 10% 15% 20% 25%

● Biological (species presence, distrubution) … 

● Boundaries … 

● Boundaries (Fishing) … 

● Fisheries Data (CPUE, ports, totals, species, … 

● FNs Tradtional lands TEK … 

● Habitat … 

● Hydrography … 

● Landscape Features (TRIM, DEM) … 

● Oceanography … 

● Restoration … 

● Salmon Population … 

● Threats … 

● Vegetation … 

Data Needs



64 

 

Figure 22: Frequency of coding participant’s qualitative responses for ‘Communication 

challenges around spatial information sharing at the SRTs' using Atlas.ti. 

 

As such, participants also understood that there are numerous values associated with the use of 

GIS that could assist with their challenges mentioned above. “GIS offers the ability to visualize 

the best data available, people can understand visuals better, and you can take complex 

techniques and simplify it for them (synopsis)” (SRT participant 8). Participants identified the 

following themes around GIS use, as potentially valuable to the SRTs:  

 Visualization- A powerful visualization tool. 

 Learning & Increased Collective Capacity- A common platform for collective 

learning (such as workshops) to increase GIS skill sets. 

 Clarity & Conflict Resolution- A way to clear confusion and reduce conflicts over 

geographic areas and boundaries unfamiliar to all. 

 Sharing- A platform for respectfully and privately sharing information with the 

SRTs, in a format that they can utilize. 

 Transparency & Confidence- A way to build confidence in the information 

presented if it was accessible to all that would like to review it further. 

 Synopsis- A way to convey a lot of information to people who don’t have the time 

or technical skillset to delve into it themselves and would prefer a synopsis. 

 Analysis- A potential management tool to detect trends and assess responses, 

allowing the SRT to become more proactive, rather than reactive. 
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Based on coding their responses for perceived benefits of GIS, participants faced when 

communicating information at the SRTs, the frequency of these responses indicated that most 

participants (Figure 23) felt that the most significant benefits were around visualization (29.8%), 

analysis (15.8 %), information clarity (11.4%), and data sharing (7.6%). 

 

Figure 23: Frequency of coding participant’s qualitative responses for ‘Benefits of GIS' using 

Atlas.ti. 

 

Overall, this section looked at the results from the structured interviews of SRT participants. 

Their willingness to share with the interviewer their thoughts garnered a large amount of 

valuable information regarding the types of work currently being done with GIS, their spatial 

data needs, and ways that MERG could potentially support this. Participants expressed their 

interest in the results of this research, as they felt it could improve communication, sharing, 

collaboration, and decision-making, while also reducing confusion and conflicts associated with 

a lack of trust and transparency. From these results, the next section will discuss potential 

avenues for MERG to support the SRTs. 
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5 Discussion- SRTs & MERG 

The collection of responses from the SRT participants provided invaluable information on their 

current capacity to use GIS, their use of open-source web-portals for data accessing, and their 

spatial data needs. This section evaluates these results and summarizes them into 

recommendations on ways WCA can tailor MERG to better support the SRTs (Appendix E 

contains a supplemental report, summarizing the findings of the interviews and a list of 

recommendations). This section is divided into four parts. First, the values of MERG as an online 

platform is discussed. Second, recommendations for increasing MERG's capacity are suggested, 

these include additions to MERGs data catalog and functionalities. Third, the value of MERG 

adding the data from the Habitat Status reports is discussed. Fourth, the positioning of MERG, to 

complement other regional web portals and support National MSP and MPA initiatives is 

explored. 

5.1 Value Of MERG's Web-Portal Platform 

From the interviews, it was determined that the primary uses of GIS by participants involved 

visualization of spatial data and map-making. Presently, MERG is well-positioned to provide 

options for both of these, given its geographic scope (WCVI) and relevant layers for generating 

basemaps. Additionally, users can upload their information, tailoring viewing, and map-making 

to their specific needs. Being web-based, MERG presently overcomes some of the common 

challenges with GIS access and use experienced by stakeholders and desktop GIS. As time and 

money were communicated as limiting factors in the use of GIS (for all group affiliations besides 

industry,) this prevented these participant groups from committing to learning the necessary 

skills. It was also noted that those participants affiliated with both First Nations and Non-Profit 

groups were the ones primarily using GIS for simple visualization and map making and they 

were also the ones communicating that most data they required was difficult to access. It is 

generally understood that there is a steep initial learning curve with some GIS desktop software. 

While not without a need for a base level of technological aptitude, web-portals such as MERG, 

offer a simpler, more user-friendly online platform for which users can become introduced to 

GIS and its various applications. By allowing free-online access, it is an affordable solution, 
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which reduces time, effort, and need for funding for software or support costs. Designed to be 

approachable to a wide-user group MERG has a familiar user interface with other common 

platforms currently in use (Google Earth, iMaPs), thereby potentially reducing its initial learning 

period. Research has shown that as they build confidence in the tool and its capacity, the 

platform will make workflows more efficient, potentially assisting them with time-sensitive 

decision-making (Marto et al., 2019). 

Being accessible on any device connected to the internet, MERG is available to be accessed by 

users throughout the region, allowing for the SRT members to work remotely. Seen mostly as a 

positive, web distribution is however, reliant on internet access, which is non-existent or spotty 

in some areas along the WCVI. However, all participants did have access to the internet in their 

respective communities and indicated that when in the field, most work was still recorded 

manually and then transcribed from paper to digital copy.  

5.1.1 A Collaborative Platform For Training And Sharing 

The primary goal of funding this research was for WCA to gather information on ways that 

MERG could support the SRT. Therefore, in order to see the uptake of MERG, the FAO 

suggests that the integration of GIS and its subsequent level of use, are dependent on the 

successful introduction of the system, through the capacity building of the intended user-group 

(Carocci et al., 2009). The FAO, therefore, recommended introductory workshops and training to 

support the uptake and growth of GIS use. From the interviews, it was communicated that 

participants would be interested in workshops or collective courses on the use of GIS and MERG 

for the SRT participants. Their collective sentiment was that if they were all using one system, 

their increased literacy would offer clarity and objectiveness on the information and technology 

presented, building confidence and trust among participants. One respondent also indicated that 

they were about to receive a training session on the PSE; however, it was not stated if this 

training was open to everyone or if other SRT participants would be attending. As such, they felt 

that a joint training session on the two platforms would be of benefit.  

Additionally, compiling and sharing the availability of various data sources would benefit the 

group as a whole, as it was communicated that locating data was time-consuming, as there was a 

general lack of understanding of what was available. This was a theme detected throughout the 

interviews given that when participants were discussing their data needs or the perceived level of 

access to data, some participants were unable to locate particular data sources that others were 
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either already accessing or generating themselves. This could see the inclusion of commonly 

used data into MERG should for sharing amongst SRT members. Increasing the collective spatial 

literacy and capacity of the SRTs, will assist them with data sharing and communication. This 

will see that their collective levels of comprehension, objectivity and trust in the information 

being presented increases, which will benefit the ongoing relationship building and conflict 

resolution work being done. Given WCA's position and their connections to the Nuu-Chah-Nulth 

Nations and other stakeholders at the SRTs, they stand as a capable body to deliver and or 

facilitate the delivery of workshops and or coordinated training. Through their ArcGIS Online 

account, WCA has access to a number of lessons and tutorials that could be tailored to showcase 

the functionality of MERG. This would increase its overall usability by the SRT as well as the 

capacity of the SRT. Additionally, advertisements of workshops through the NEST (local 

education and training website) calendar could support an overall increase in GIS literacy among 

the public and other groups in the region. 

It was indicated that at present, all participants of the SRTs are currently applying for funding 

and data access rights independently of one another. WCA and the SRT could look to obtain 

financing and joint data access as one voice through WSP funding initiatives currently underway. 

Purchasing relevant data could also be broached as a collective effort under the SRTs. 

Coordinating with the regional groups of Tofino, Ucluelet, Port Alberni, Kyuquot, and Nootka 

could enhance one another’s web portals through data sharing. Leveraging this regional 

partnership could potentially support funding and data access agreements as one respondent 

indicated that it is easier for the government to share data with larger regional bodies rather than 

dealing with multiple, small entity requests. This would align the data and knowledge available 

to all collaborators, ensuring they were all ‘on to the same map’ for salmon management and 

development (Garcia et al., 2003). 

With participatory mapping being reported as a useful tool for documenting TEK and defining its 

spatial context in the landscape (McCall, 2004), given WCA's history, membership body and 

relationships with the various Nuu-Chah-Nulth Nations, there is potential to see the growth of 

First Nations data in the region, through the use of MERG as the common platform. As 

highlighted, MERG's utility as a user-friendly, web-portal could also provide an excellent 

introductory tool for GIS use among the various Nations, thereby increasing the accessibility of 

GIS to all their members.  
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5.2 Recommendations for Increasing MERG'S Capacity to 

Support the SRT  

5.2.1 Enhancements to MERG's functionality 

With visualization and map-making currently the main uses of GIS by the SRTs, MERG’s 

capacity as a visualization tool, currently fits the needs and aptitude of the SRT. With only a 

small number of participants indicating their use of some of the more advanced applications 

(spatial analysis or modeling), these participants were also those that had access to ArcGIS 

licenses or other modeling software, therefore, there is no immediate need for these 

functionalities. However, by looking to increase usership, WCA could look to incorporate some 

of the additional apps and web features available to them through their ArcGIS online account. 

Given that participants indicated that they were presently using Google Maps to visualize 

landscape changes to forest cover, MERG could look to include the time-slider web app as a way 

to show temporal changes of static layers. The ArcGIS time slider web app can use both vector 

and raster data and be easily configured to a given timeline. This would allow them to look at 

changes in forest age or logging activity within a watershed. The addition of this app would 

benefit them in their work at both the river and watershed level, for determining counts and 

pressure indicators. Additional slider layers should also be developed to show some of the long-

term changes or trends happening in the region (i.e. average ocean temperatures). This would 

provide insight into the seasonal co-occurrence of warming trends, plankton blooms, reduced 

catches or depressed spawners returns. This ‘time-series’ data is intuitive for a range of users and 

would allow MERG to support trend analysis without becoming a technical platform. 

A number of participants indicated that they used GIS for route planning, to guide their field 

work and surveys. Route planning is currently available in MERG, in a slightly indirect manner, 

whereby users can add coordinates into the search address box and then drop pins, later 

connecting them using the measure tool to click on a succession of desired points on the base 

map. MERG then displays the latitude and longitude coordinates, for users to record. Providing 

information about this functionality should be included in the training sessions and manuals. This 

functionality could be simplified, adding the route planning app to the web map. Extending 

access to users to update the base map with layers brings up the issue of quality assurance in the 

data provided. 
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With both the Lewis River Case Study and MaPP review, highlighting the importance of overlay 

analysis for conflict resolution and the zoning of marine uses, it is suggested that as the use of 

online GIS and spatial literacy continues to grow, portals will move towards offering more 

analysis functionality (Esri.com, 2019b). Recognizing a need for conflict analysis, Esri has 

already released this functionality for Enterprise, offering users various analysis tools. "The 

Portal for ArcGIS map viewer now provides a set of analysis tools previously only available in 

ArcGIS Online. These spatial analysis tools, available in the Perform Analysis pane, allow users 

to quantify patterns and relationships in the data and display the results as maps, tables, and 

charts. The toolset includes nearly two dozen tools for summarizing data, finding and deriving 

locations, calculating density, locating hot spots, creating buffers, extracting data, dissolving 

boundaries, and overlaying layers'' (Esri.com, 2019b). These additional functionalities are 

exactly what Schwartz et al. (2017) had in mind, when they wrote that ‘GIS only becomes a DST 

once it allows users to work with, analyze and formulate new insights, thereby, effectively 

transforming information into knowledge’. These functionalities could prove extremely valuable, 

by offering a way to summarize the data (density and hotspots) and provide an intuitive synopsis 

(Cravens, 2014).  

Given that it was communicated at the South Coast GIS workshop that there was a missing 

analysis piece available from the current web-portals, these tools could fulfill this need. With the 

responses from the interviews, indicating that members had varying GIS capabilities, these added 

functions would offer those looking to perform analysis some capacity to do so, while also 

providing compelling visuals to those that would be better working with the output.  With 

conflict resolution, negotiating fishery access, and balancing marine uses all of value to salmon 

management, the capacity to overlay, buffer and analyze would greatly benefit the SRTs.  

Transitioning to Enterprise will depend on external factors such as capacity, collaboration, and 

funding, which will decide if WCA continues to retain proprietary ownership of MERG. This 

decision will determine if migrating MERG is necessary. With MERG's current ArcGIS platform 

or an Enterprise platform, there are numerous additional apps and licenses that could be allocated 

to the SRT members to per-form various analysis tasks, overlays, route planning, or data entry, 

should WCA decide to include these. As the SRTs begin their monitoring efforts and 

conversations around MSP and MPA planning gain traction once again, these functionalities will 

become essential in scenario development. However, given the enhanced functionalities of 
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Enterprise, other agencies have already begun to transition their platforms. As such, Esri may 

eventually discontinue some support for their current ArcGIS Online platform.  

5.2.2  Suggested Additional Data 

Presently MERG's geographic scope and content are geared towards DFO-FMA's 23 and 24. 

With salmon migrating through each of the various DFO-FMAs, they would benefit from 

coordinated efforts to protect them on both their outward and return migrations. Therefore, WCA 

recognizes that this work will need to continue into the adjacent DFO-FMAs to assist with the 

sharing of information and collaboration of management initiatives. A supplemental- list of 

recommendations for additional data is attached in Appendix E. Specific requests for data by 

participants varied among the broad data themes identified in Section-C. Some of these requests 

were for static layers, while others were for dynamic (real or near-real-time) layers. MERG was 

designed to accommodate static layers, so some requests, such as raster data, are not within its 

capacity. However, as mentioned above (5.1.1), group training, and data sharing around where to 

access information may alleviate this need. Appendix D- Findings from the interviews, provides 

a breakdown of data request for each of the indicated important themes and where applicable 

suggested additional layers are recommended. Participants explicitly mentioned access to habitat, 

imagery, TRIM mapping, and vegetation data for planning fieldwork and detecting change. The 

addition of TRIM layers would benefit MERG and provide more fine-scale (1:20,000) 

information about features in the landscape. This is also the scale at which feature data should 

look to be added, as all ten participants indicated the need for fine-scale, localized data.  

Fisheries boundaries were discussed by many participants, as were the DFO FMA sub-areas 

areas, as necessary for basemaps and communicating with others (public through fishery 

notices). With none of the participants actively using MERG, they were unaware that MERG 

contained these layers. If MERG looks to expand its First Nation's spatial data content, then the 

addition of traditional territories and use boundaries (legal fisheries boundaries as defined by 

treaties) would benefit the SRTs greatly. As the volume of confidential data grows, this may 

require a private account. Given that all of the participants working with First Nations groups 

mentioned that they had ArcGIS access through the Maa-nulth Agreement adding individual 

accounts may not be necessary at this time, as some collaborative training workshops may allow 

them to utilize their private accounts through that avenue. They could then simply upload their 

data to MERG to present at the SRT when needed. 
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With participants requiring habitat data and species data, efforts should focus on contacting other 

institutes in the area to acquire some of this data. Parks Canada and the Hakai Institute have been 

collecting drone imagery of eelgrass in the region. This imagery could be used to develop further 

habitat layers of the nearshore once processed. Presently, they have compiled two field seasons 

of eelgrass monitoring that would be of value to MERG given the date and varied collection 

methods of past eelgrass monitoring on the coast. With eelgrass having been identified as 

potential critical nearshore habitat in recent studies (Nahirnick, 2015, Kennedy et al., 2018)  and 

as a limiting factor in some of the estuaries in the HSRs, being able to identify the occurrence of 

eelgrass beds accurately is the starting point for monitoring them. This can then be scaled up to 

multi-trophic monitoring, which can provide indicators for the health of the eelgrass, the estuary, 

and those species dependent on it. 

With participants indicating a need for vegetation data to access forest cover, rates of cut, and 

rate of succession, the Aquatic Information Partnership Atlas (AIPA), which is a web-portal that 

has watershed and salmon related layers may be a source of this information. While the portal is 

now non-operational, some of the layers within it are of particular interest. The portal includes 

layers for percent of watershed logged and slope of the watershed by sub-basin.  This 

information could provide information about the level of risk a logged watershed may face from 

a slide or sediment erosion into a salmon-bearing water system. The AIPA also had a few layers 

indicating watershed allocation (stream length of accessible habitat to salmon) over three 

periods, which would be valuable to indicate spatial changes in habitat access throughout the 

watershed. Contacting the publisher (the Community Mapping Network) (CMN) may provide 

access to these layers as related metadata was not found on the site.  

The CMN also has a site called the Stewardship Project Registry Atlas, which provides a map 

view of stewardship projects throughout the Province. Given that the Lewis River Study depicted 

the relevance of cumulative restoration work, and there were requests by SRT participants, 

MERG would benefit from having a compiled layer for the various projects that have taken place 

over the years. This would provide the SRT with the ability to understand what has been done 

and assess its effectiveness against other layers regarding fish access, identified critical habitat, 

or the presence of threats. With the literature citing that earlier salmon recovery lacked 

coordinated efforts (Walsh et al., 2020), this layer would offer a comprehensive overview and 

benefit the SRT in synchronizing current efforts and planning future ones. With the Lewis River 
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case study indicating a lack of , examining the cumulative effects of multiple stewardship 

projects, compiling this layer could support the SRT in directing this work for the WCVI. 

With the PSE presently working on expanding to the WCVI, the data contained in it should be 

available for viewing and downloading in the future. Therefore, MERG does not need to look to 

replicate this information, unless discussions with PSF have identified MERG as the new WCVI-

PSE platform. In the meantime, MERG should look to compliment the PSE and offer similar 

value-added layers on other salmon related parameters. Habitat data would be an appropriate 

choice, given that salmon population metrics are intimately tied to the availability of functioning 

habitat. With WCA looking to develop a list of habitat-monitoring initiatives currently 

underway, they should look to incorporate the results of these using an intuitive coding to 

distinguish the status or value of specific habitats in an easy to interpret format.  

At the South Coast GIS Workshop, it was mentioned that the Howe Sound Marine Reference 

Guide (MRG) was linking live feed into the pop-ups tables of the layers in their web map. This is 

an exciting way to present current media around specific things. The SGDC is also working to 

include case studies, story maps, and sliding timescales for static data layers to show temporal 

changes. Both organizations were willing to share their workflows and indicated that the addition 

of interactive timescales is currently available to MERG as a free web app. By providing 

additional content and links to resources, WCA could facilitate the increased use of and 

understanding of MERG, to those new to the system.  

Incorporation of modeling data into MERG. Both the PSE and the Lewis River case study 

showed evidence for the use of GIS to both model salmon data and displayed it. In its present 

capacity, modeling is not one of the functionalities of MERG. However, from the interviews, it is 

seen that a couple of participants only did modeling and, as such, is not necessarily something 

MERG needs to offer. What would be of benefit to MERG and the SRTs is summaries of the 

analysis. Thus, MERG should look to build its collection of modeled data layers and potentially 

re-run those developed by Marxan and InVEST. 

5.2.3 Best Practices For Data Incorporation 

During the interviews, participants expressed concerns over the trust of data and its sources. 

With the success of fisheries closures, quota allocations, and restoration efforts contingent on 

accurate, up-to-date information, WCA should ensure that the data available within MERG, can 
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confidently be used in decision-making. One approach to achieving this, is through the adoption 

of ISO (International Organization for Standardization) metadata standards. ISO standards are an 

internationally agreed-upon set of standards that have been developed to ensure quality and 

safety in products and services traded internationally (ISO.org, 2020) that provide users with a 

template for metadata development. With the development of MaPP and the North Coast marine 

spatial plans, having been reliant on the shared vision of sustainable development along the 

North Coast, confidence in the data was imperative to maintaining trust and collaboration among 

stakeholders. With the participants expressing concerns over the accuracy of DFO fisheries data 

(population and by-catch), a way to provide confidence and transparency for the data within 

MERG, would be by adopting these standards so that the accuracy and sources of error are 

clearly communicated. Having these standards would be especially valuable when presenting 

research findings, making-decisions, or lobbying for policy changes that may require the sources 

of their information to be reviewed. ISO-standardized metadata would also keep MERG's 

database compatible with others, thereby enabling web feature sharing, without the need to 

modify or reformat the layer's metadata.  

Additionally, as work on the chinook rebuilding plans, restoration and research continues, new or 

updated data will become available, this will require that MERG is regularly updated to stay 

current and relevant. To ensure MERG's integrity, it is suggested that data entry be limited to 

those with administrator privileges. Having a channel for communication around recommended 

layers needed will support WCA in keeping MERG relevant.   

A supplemental workflow for formatting the Habitat Status Report's data for integration into 

MERG is included (Appendix F). The work done on the HSRs was time-consuming and 

challenging, given that the data was a collection of 14 different reports, representing fifteen 

watersheds, all being conducted over a time span of three decades and each using a variety of 

data sources and data collection methods. During this period, the focus of salmon management 

for the region has shifted, meaning that during different periods, assorted data were collected, 

resulting in spatial layers that were not all directly comparable (i.e., critical habitat vs. highly 

productive vs. high value). In addition, during the production of the HSRs, various people 

worked on developing the spatial files used in the reports. This resulted in the feature layers 

being stored in their respective geodatabases utilizing a variety of internal organizational 

formats, naming schemes, geometries, and with little overall consistency of recorded data within 

the attribute tables. To handle this, the relevant layers were all standardized by populating the 
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attribute tables with applicable data on the species of salmon, habitat type, habitat quality, date of 

the data, and CU. With each layer containing hundreds of features, these layers were dissolved to 

simplify them. They were then combined so that they would display in MERG as single layers. 

This meant multiple layers for things like all of the various chinook habitats were combined into 

one layer. This layer was then uploaded to MERG and displayed using as a single layer with a 

symbology indicating various categories for spawning, rearing, holding, and juvenile migration 

and rearing. Adding the standardized fields to the attribute table allows for the layer to be 

queried by CU, habitat type, habitat value, date, or when present, original data source.  

With the WSP focusing on indicators, the HSRs will need to be repeated. This means that the 

collection of associated spatial data layers will expand. Therefore, future considerations around 

incorporating these should be addressed now. The primary concern is whether the layers should 

be organized on a CU by CU basis or maintained and updated as combined layers. As the 

number of layers increase, those with inconsistent study periods, such as the estuary and river 

habitat layers, ranging from 1980- 2016 may indicate that these layers are better displayed in 

another format. Presently, they are grouped into ranges (similar to time periods between DFO 

WSP revisions) and combined. Still, perhaps a more appropriate method would be to display 

them as a percent of change, similar to the AIPA data layers. These layers display the percent of 

watershed logged layers, or as the total available area per habitat. These representations may be 

more valuable for the SRTs or others looking to understand things like carrying capacity or 

cumulative loss of habitat at both the reach and the landscape level (estuary or watershed). With 

the data having all been standardized individually within each geodatabase, the layers are also 

available as individual CU layers or can be recombined to suit the needs of the SRT better. 

5.3 The Value of the Habitat Status Reports 

The addition of the HSR habitat layers into MERG is something that will greatly benefit the 

work of the SRTs in regards to the spatial management of watersheds and individual species and 

populations within. From the interviews, participants communicated that habitat data was the 

most important data they required and also one of the hardest to access. The inclusion of the 

Habitat Status Reports will provide some key layers around salmon habitat in the rivers and 

estuaries as well as some riparian and forest habitat. With species specific habitat layers for 

spawning, migration and rearing, this will be valuable for the SRTs when looking to monitor 

these habitats for use and abundance. Having this  prior knowledge will also assist in tracking 
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temporal changes such as habitat loss or restoration  The age of some of the reports makes some 

of this information outdated. As such, more recent information should be sourced if available. 

Given that most of this information was compiled from aerial and satellite imagery, contacting 

the forestry industry or Province may provide a source of more recently processed data. By 

adding time-series or multiple periods of time data, it will show users both temporal and spatial 

changes occurring throughout the landscape. These changes can be used to assess the 

effectiveness of earlier impacts or management actions.  

As river-based monitoring was communicated as a large part of the work presently being done 

and all ten participants indicated they did not have access to (and would benefit from) the RISK 

assessment data. The river data within the HSRs will be a valuable addition to MERG and one 

that the SRT can immediately begin working with. As these layers indicate the location and 

value of key landscape features and in-river life-stage specific habitats. This information will be 

useful for planning future monitoring, stewardship, and development within the CUs. It should 

be understood that the mere presence of a limiting factor (i.e., forestry), as indicated by its spatial 

position on a map, does not necessarily mean that it is a threat to salmon habitat. This because 

the simple visualization of location or proximity does not immediately convey the level of risk 

associated with a given threat. Therefore, an even greater value could come from the creation of 

spatial layers or attributes for the 'limiting factors' within the watersheds that are presently 

available at the back of each HSR in table format. According to the goals of the WSP (2018), 

these tables provide indicators of the health of the CU, by signifying the extent and intensity of 

limiting factors to salmon. As done on the PSE, these factors are stoplight coded to provide a 

quick visual summary of conditions that can be used by the managers to direct their efforts to 

where they are needed most. While the PSE indicates threats such as roads, the HSRs include 

both watershed and estuary limiting factors and indicate both anthropogenic and biological 

factors known to threaten salmon survival. These include things like limited rearing habitat in the 

estuary due to loss of eelgrass or limited spawning and holding habitat in the river due to the lack 

of woody debris required to slow washouts. The addition of these limiting factor indicators into 

MERG, is a valuable way of providing context around the intensity of the factor or the 

cumulative risk of all factors. By understanding the location and intensity of limiting factors, this 

may suggest areas that once supported critical habitat and could benefit from restoration. 

Expanding this method of creating value-added habitat layers into the marine environment is in 

the next step. Similar to the marine units and area designations within MERG, this added context 
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would enable the SRTs to make better-informed, more efficient decisions, regarding balancing 

risks, the survival of salmon and the continuation of economic pursuits. With the commencement 

of the marine RISK assessments, to determine the presence, quantity, and quality of critical, 

biologically rich, or rare habitats, this data will be an essential piece for MERG to link nearshore 

habitat to juvenile survival and should look to include the attributes: <Habitat Type>, <Habitat 

Value>, and <Status>. With carrying capacity having been indicated as a concern between wild 

and hatchery fish co-habituating in nearshore waters (R. Dunlop, personal communication, 

2019), The SRTs would benefit more so from information related to the status and capacity of 

the habitat to support salmon moving forward. 

In the USA, the California Department of Fish and Wildlife (CDFW) conducts similar stream 

inventory assessments to the HSRs to determine baseline conditions, assess stream suitability for 

supporting salmonid populations, establish restoration priorities and identify salmonid refugia 

(CalFish.org, 2018). One important metric is the designation of a 'Shelter Value' rating to each 

stream. This value-added measurement is intended as an index of the quality and quantity of in-

stream shelter for salmonids, and changes in the designation of this index are used to either 

trigger the need for riparian restoration or to highlight the success of past efforts (CalFish.org, 

2018). 

5.4 Looking to the future 

5.4.1 Collaboration with the Strait of Georgia Data Centre (SGDC) 

Presently the SGDC stands to become the largest holder of open-source coastal data. With the 

project being jointly developed by the PSF and the University of British Columbia (UBC), there 

are a lot of resources available to see the project grow. For web-portals, one of the main 

challenges is ongoing upkeep. This operational cost includes both financial and time 

commitments throughout the life of the web-portal to ensure the platform is maintained and the 

data is updated to prevent the system from becoming obsolete (like the AIPA). WCA has 

suggested that they may look to see MERG be taken over by the SGDC to either maintain it as a 

separate portal or see it amalgamated into one for the greater coastal region. The benefit of a 

merger is that the PSF and UBC are both well-funded organizations that are committed to the 

longevity of the SGDC. With exposure around the SGDC growing, this would provide a new, 

more extensive potential user-base for MERG, reducing its risk of falling off the radar.  
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Inversely, if WCA should choose to retain MERG, it may preserve its status as a 'Made on the 

WCVI,' PGIS system, and with that, the memory of the collaboration, sharing, and trust-building 

that went into its development. That sense of pride and ownership may encourage the region's 

users to continue working with it and pushing for increases to its capacity as conditions continue 

to change. As WCA's role continues to evolve, they will need to assess whether maintaining 

MERG is something they should continue to focus resources into, or if it is something they 

should hand over. 

Either choice will benefit from collaborations with the SGDC as it has strong ties to both 

academic and government organizations, and as such is privy to volumes of data, including first 

releases. Working with these bodies, they understand the challenges of distributing large or raw 

datasets and as such are making every effort to offer downloadable processed data in a variety of 

user-friendly formats. Additionally, they understand what data is most relevant to coastal 

resource managers and are striving to fill existing data voids. This will benefit MERG, as the 

data will be available for download, or sharing through web feature services.  

5.4.2 Positioning MERG within the South Coast GIS and MSP Initiatives 

Finally, how can WCA position MERG to be a component of a more extensive collection of 

open-source systems in the future? In the USA, NOAA already has these systems in place, such 

as the Integrated Ocean Observing System (https://ioos.noaa.gov/). This site offers a collection 

of portals all with different functionalities, data capacities, and target audiences. A Merger with 

the PSF-GSDC or other platforms through a common website with links to various data sources, 

web-portals, and data catalogs would make information gathering easier, more efficient, and 

promote the use of standardized information for salmon management and across the region. The 

South Coast GIS workshop in Vancouver in February (2020) saw developers and organizations 

with other web-portals meet to discuss just this. They agreed to move forward with the 

development of a single launch point (integrated geoportal) that would provide access to the 

breadth of spatial data and web-portals for the coastal zone will increase the collective capacity 

of the region, align monitoring and management initiatives and reduce financial burden. 

As MERG is already an MSP planning tool with area designations, unit emphasis, and 

recommended uses for coastal activities on the WCVI, the integration of salmon indicator data 

and other locational data will allow MERG to continue to support economic growth in the 

region, while still prioritizing salmon recovery. It was mentioned that the federal government has 
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now set a target of 25% protection for Canada's coastal zone by 2025. This is a lofty goal given 

that the Province currently sits around 13% protection in the coastal zone (I. Pearsall, personal 

communication, 2020). With use zoning and MPA development, key components of MSP, the 

use of indicator data will provide the SRT and other governance groups with the ability to assess 

where marine development and MPA’s are best suited to protect critical nearshore areas, while 

still offering economic opportunities to coastal communities. This value-added data can also 

offer insight into where improved regulations and policy would be more appropriate to manage 

activities. The Howe Sound Marine Reference Guide is another coastal web-portal which 

presently contains a layer that indicates both areas of high conservation and high economic 

value. These values are displayed using a colored coding scheme, that offers users a perceptive 

visual synopsis of the goals and visions for the marine area. The webportal also offers access to 

the region’s management plans that outline which approaches are best suited for a given area. 

MERG has something similar to this in the Marxan and InVEST modeled layers.  

The results of the interviews provided valuable and focused information, specific to the SRTs 

and salmon management on the WCVI. This scoping exercise has highlighted ways in which 

MERG presently supports the SRTs and also revealed ways that it can better serve the SRTs. 

These findings have been made available to WCA and are to be shared with the SRTs in an 

upcoming fall Roundtable. WCA now must decide what direction they would like to take with 

MERG, but a clear sentiment from the SRTs is that there is a collective need for regionally 

focused, user-friendly, reliable data to support their work. Given WCA’s neutrality, they stand 

as a transparent and accountable body to facilitate these requests. 
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6 Conclusion- SRTs & MERG 

In response to a rising global population, increasingly inhabiting coastal areas, and dependent on 

marine protein sources, instances of overexploitation and environmental degradation are 

becoming the norm (Weinstein, Buchanan and Saleh, 2014). So too, however, is the realization 

that conventional, single-focus management approaches have led us to this point (Levine, 

Richmond and Lopez-Carr, 2015). With the collapse of marine systems has led to the scarcity of 

some resources, this has precipitated conflicts among users groups. While the scarcity of a 

resource alone does not drive conflict, conflicts can arise when the limited availability of the 

resource leads to the exclusion of one user-group, based on the actions of another (Levine et al., 

2015). In common-pool resources such as fisheries, this exclusion is commonly seen between 

subsistence fishers and commercial fleets, given the fleet’s exponentially superior capacity to 

find, harvest, and store their catches (Levine et al., 2015). With the Pacific salmon fishery having 

commercial, recreational, and Indigenous fisheries each jostling to maximize their allowable 

quotas, during shorter openings, in overlapping territories, and from shrinking populations, 

conflicts around resource allocation, access rights, and harvest priorities have become 

increasingly common.  

With wild Pacific salmon as a whole experiencing continual declines over the past 30 years, 

research and funding focuses have dramatically shifted, to prioritize various life stages and 

habitats at different times. These actions, however, often coming too late, have failed to identify 

a panacea or sole species-saving act. With Canada’s own Ocean Act (2002) calling for the need 

for a collaborative approach to integrated coastal management, DFO has begun to engage with 

stakeholders as a means to address the growing challenges salmon face. With participatory 

governance groups having been shown to increase stakeholder engagement, cooperation, and 

compliance of fisheries management policies and actions, DFO has increasingly applied the 

participatory approach to working with stakeholders to re-evaluate their management 

approaches. With the WCVI, having formed Canada’s first participatory governance board for 

the co-management of aquatic resources, WCA has been successful in addressing the challenges 

faced regionally by fisheries. Not to rest on their laurels, this group is now looking for ways to 
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increase their capacity for information sharing, public engagement, collaboration, and ultimately 

decision-making along the WCVI.  

With wild chinook populations in the region requiring immediate attention, it has become 

apparent that there exists a data void for the WCVI. This void pertains to the availability, access, 

and accuracy of population, habitat, and fisheries data, each of which needs to be addressed. 

Hence this research was undertaken as a scoping exercise to understand how the SRTs can 

benefit from increased data access to enhance their collaborative place-based decision-making 

abilities. With web-based DST fast becoming the defining tool for shaping complex marine 

spatial problems (Romanach et al., 2014), given their mapping interface, which offers users an 

interactive platform for engaging with, communicating, and effectively transforming spatial 

information into workable knowledge.  

Having reviewed the theoretical and applied applications of DSTs in salmon management, it is 

apparent that globally there is a growing adoption of these systems (Marto et al., 2019), given 

their capacity to handle large volumes of data, incorporate various sources of spatial information, 

and conduct statistical analysis (Romanach et al., 2014). However, having undertaken interviews 

to gather the current GIS capacity, sources of data access, and types of data needs, it appears that 

regionally, their uptake has been slower. Analysis of these results indicated a limited GIS 

capacity and use of open-source sites. The results also indicated that barriers to the use of GIS 

were not evenly felt by all stakeholder groups, which is likely restricting their capacity to work, 

share, and evaluate spatial data. While these findings do not diminish the benefits of these 

systems; rather they identify a need for allocating resources to increasing the collective spatial 

literacy in the region, in regards to the availability, use and benefits of web-DSTs.  

Additionally, WCA now has a collection of recommendations on how best to tailor MERG. With 

the inclusion of the HSR data into MERG, this satisfies the most pressing data needed by the 

SRT, habitat data. These layers offer location information about the presence of salmon habitat 

and impacts at a watershed focus, with conducting the marine RISK assessments for each key 

salmon system, next in line. It is suggested that WCA look to manage this growing collection of 

data by adopting metadata standards and by incorporating value-added information into some 

pertinent layers to provide users with confidence and context for using the data. With the PSE 

and the WSP, highlighting the use of indicators to act as an intuitive synoptic tool for decision-

makers, it is a recommendation of this research that WCA develops ‘Indicator’ values for the 
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status of these layers. Presently, the HRS’ contains some of this information for the 15 key 

chinook systems on the WCVI, and this information can be appended to the HSR layers within 

MERG, with the addition of a <Status> value attribute. This will allow for the SRTs to visualize 

not only the location of limiting factors but also understand their impact on the capacity of these 

habitats to support salmon. An understanding, which is vital to shaping the direction of the 

region’s fishery, developing chinook rebuilding plans, and prioritizing protection and restoration 

of critical and degraded habitats. 

 In summary, it is felt that the preliminary results of this research has offered insights into the 

ongoing needs and challenges faced both by those engaged in salmon management and also more 

generally by local-level governance groups all around, regarding data access and ways to address 

them. 
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Part 2 

7 Introduction- PHSM & IS 

For thousands of years, the once-formidable returns of salmon were the foundation of life on the 

West Coast of Vancouver Island. Responsible for the growth of the region's diverse forests, 

marine species, indigenous cultures, and coastal communities, their collective continuance 

hinges on that of wild salmon.  In recent decades, however, fluctuating adult returns and 

recruitment have been reported across all salmon species and populations in the region. While 

most species are indicating high variability between years and rivers, chinook populations have 

continually returned in decreasing numbers to the Westcoast (Riddell et al., 2013; Scott, 2008; 

Zimmerman et al., 2015). Being the largest species of salmon makes them the most prized 

species by fishers and aquatic predators. They are, however, the least abundant species, making 

the return of each fish a vital source of marine nutrients to their natal streams. Thus, the loss of 

WCVI chinook has dramatically impacted the overall productivity of the region and led to the 

Auditor General identifying them as one of Canada's 19 priority fish stocks requiring a 

rebuilding plan to sustain the health of the area (DFO, 2018). In response to the Auditor 

General's findings, DFO has recently imposed strict restrictions on the fishery, being drastically 

tighter than previously seen, to reverse this declining trend (Chinook Strategic Planning 

Initiative, 2016).  

Yet, despite the recent implementation of significantly reduced harvesting rates, these actions 

have failed to translate into associated improvements to the status of WCVI the chinook (CSPI, 

2016). The Final Draft of the Chinook Strategic Planning Initiative (2016) highlighting that the 

underlying causes of continuing poor returns are still not clearly understood. As such, the report 

advises that measures aimed solely at reducing fisheries exploitation were unlikely to be 

sufficient enough to rebuild these populations to sustainable levels (CSPI, 2016). Consequently, 

the findings from the 2018 COSEWIC report stating that 50% of Chinook salmon populations in 

Southern B.C. are at-risk, was not unexpected (COSEWIC, 2018). As such, the WCVI Chinook 
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rebuilding pilot plan has since launched, receiving various funding investments to enhance the 

current levels of research and habitat assessments for WCVI Chinook (DFO, 2018). 

It is now clear that stock-focused fisheries' actions have proven ineffectual. Therefore, rebuilding 

wild salmon populations will require a more coordinated and integrated approach that not only 

limits fisheries-related mortality but also includes habitat protection, threat reduction, and 

restoration activities. This sentiment is emphasized throughout DFO's most recent iteration of 

their WSP, with the report stressing the importance of identifying, assessing, and protecting 

salmon habitat (WSP, 2018). This habitat centric focus is not new and is, in fact, per the previous 

version of the WSP (2006). Unfortunately, the convictions of that earlier report have yet to be 

realized, forcing DFO to act swiftly to impose drastic harvesting restrictions to stem further 

losses on the WCVI.  These actions, however, being more reactive than proactive, have failed to 

be the 'silver bullet' action needed to reverse this declining trend. The focus of the most recent 

WSP (2018) recognizes the need for a shift to a more holistic approach. 

Having drafted a suitable approach to manage salmon habitat, the previous (2006) WSP 

specifically outlined steps for identifying and cataloging salmon habitat at the watershed and CU 

level.  This report sought to develop a baseline inventory of salmon habitat for the coast using 

various geophysical variables attributed to salmon habitat and range distribution (WSP, 2006). 

Building on this, the current (2018) version now concentrates on using the metrics within this 

inventory to determine the status of these habitats regarding their current and future capacity to 

sustain wild salmon (WSP, 2018).  However, a review of the progress made towards 

implementing the 2018 WSP, found that several CUs (and in particular those on the Westcoast) 

were data deficient. Adding the fact that 50% of Southern B.C. salmon populations are 

considered threatened has raised concerns among stakeholders in the confidence of DFO's 

monitoring reporting on the status of these runs and resulted in some hard criticisms towards 

recent fisheries management decisions (WSAC, 2018). Without access to a sufficient quantity 

and quality baseline data, salmon management will continue to struggle as DFO lacks reference 

population, risk, and habitat data to make correct escapement predictions and set quota levels. 

Therefore, before more runs are lost and more resources spent, DFO must look to finalize their 

baseline coastal inventory,  identify key environmental indicators, and re-establish accurate 

reporting on the status of all CUs.  
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As a result of their anadromous lifecycles, salmon are a challenging species for conservation and 

management.  This challenge is in part due to their unique migration strategies that sees them 

cover an array of geographically and biologically diverse aquatic environments. With a 

significant portion of their lives spent far offshore beyond jurisdictional boundaries, the previous 

30 years of management efforts have primarily concentrated on their freshwater life stages and 

habitat use (Beamish et al. 2003). However, as our understanding of these species continues to 

grow, this approach has shifted to prioritize the research of other life stages and habitat uses (J. 

Alley, personal communication, 2018).  Shifting the focus from streams and migration pathways, 

ocean residency has now been identified as a vital life stage for all Pacific salmon (Brown et al., 

2013; as cited in COSEWIC, 2018). This has raised interest in the ecology and conditions of the 

marine environments utilized by out-migrating juvenile salmon. An extensive study into this by 

Riddell et al. (2013) concluded that recent downward trends in survival and productivity are 

driven by habitat conditions juvenile salmon encounter during their first year of marine residency 

(as cited in COSEWIC, 2018). With all species and populations eventually subjected to the same 

offshore, large-scale oceanic conditions, various studies have now linked differences in mortality 

to variances in marine conditions encountered at or near individual marine entry points (Riddell 

et al., 2013; as cited in COSEWIC,  

2018). By reporting a high correlation in survival rates among stocks that enter the ocean near to 

one another in contrast to those further apart,  Riddell et al. (2013) suggested that the local 

marine conditions they experience are associated.  

With a renewed federal mandate emphasizing the importance of habitat, studies are now focused 

on understanding how salmon use their environment. This has raised the awareness of the vital 

role nearshore marine habitat plays during the critical first year of a salmon's life (the Salish Sea 

Marine Survival Project, 2018). Totted as "ground zero!" in the race to save salmon (Rice, 2019),  

the focus is now on identifying nearshore habitat to monitor and protect it. With research 

indicating juvenile chinook's heavy reliance on nearshore habitats for rearing and migration 

(Duffy, 2009; Riddell et al., 2013, Flitcroft et al., 2018; Kennedy et al., 2018) modeling the 

availability and structure of these habitats may be a predictive indicator of nearshore habitat 

utilization. Additionally, the presence or absence of suitable connected 'migratory" habitat may 

hint at the value or role this habitat has in supporting early marine survival of chinook. To 

minimize costs associated with mapping the full extent of salmon distribution, GIS has 
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effectively been used to develop potential habitat distribution models. By using species-

dependent factors related to various geophysical criteria associated with high-value habitats of 

eelgrass and kelp, modeling can support the monitoring of species such as juvenile chinook and 

forage fish that are reliant on them.  

With research indicating that an organism's spatial distribution is linked predominately to their 

particular environmental requirements, it is also well documented that impacts to one or more of 

these requirements can potentially disrupt their natural occurrence patterns (Pearson et al., 2002, 

Buhl-Mortensen et al., 2015; Anderson et al., 2016). The impacts from this can be either 

favorable, such as range expansions or unfavorable, such as range contractions or migrations 

(Pearson et al., 2002). With the earlier WSP seeking to map habitat and fish range in both marine 

and terrestrial systems, the report laid out a framework for using broad-based geomorphic and 

topographic criteria related to specific species needs, preferences, and water connectivity to 

model distribution at the CU-level (WSP, 2006). Today, however, the ability to track impacts to 

salmon distribution patterns are still limited by the lack of available data on their distribution and 

use of critical habitats. With the acquisition of this information extremely resource-intensive, 

expecting to identify and protect the total extent of salmon habitat is an unrealistic goal. While 

progress has been made, a decade ago, less than 10% of most coastlines had been mapped 

effectively (Aish et al., 2010). Thus, there is still a primary need to focus on identifying those 

'high-value' marine habitats that are ecologically robust, highly productive, and critical to 

sustaining populations of wild salmon.  Rather than relying on relative abundance sampling, 

conservation biologists have been working to develop reliable proxies of population size, that are 

less time consuming and do not require harvesting already threatened populations (Turlure et al., 

2010). With population size, the conditioned response of habitat availability (Soberon 1986; 

Boyce and MacDonald 1999; Fahrig 2001 as cited in Turlure et al., 2010), habitat area is used as 

a proxy of the carrying capacity of a given habitat (White 2000; Schtickzelle and Baguette 2009; 

as cited in Turlure et al., 2010).  

Measuring habitat is, however, not a simple task in the marine environment, as boundaries are 

not as clearly defined nor permanently set, as they more often are terrestrial systems, like forests. 

Here is where applying GIS can be beneficial, first, as a tool to manage the large volumes of 

data, and second,  to develop predictive species distribution models, to minimize costs and fill 

data gaps in our knowledge of salmon habitat (Ross and Howell, 2012). Given that spawning 

chinook are known to preferentially select for low (<4%) gradient channels, suggested criteria 
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for freshwater systems include hydrographic factors of; stream gradient, stream order, water 

quality, and water quantity (Montgomery and Buffington 1997; as cited in WSP, 2006). In the 

marine environment, suggested criteria might include salinity, predation, inter, and intraspecies 

competition or disease exposure (Johnson et al., 2018).  These are the more challenging factors 

to obtain, and as such, there is limited large scale data available. This lack in the quantity and 

quality of marine-related salmon criteria data can potentially lead to over-prediction by habitat 

models using less robust individual species data. Thus, a more appropriate approach may be to 

apply predictive modeling to habitats formed by or utilized by a species, rather than directly to 

the species itself (Ross and Howell, 2012). For salmon, this would mean looking to model 

critical habitats such as spawning or rearing habitat in freshwater systems and rearing and 

migration habitat in marine systems.  

Using GIS-based analysis, resource managers have increased their knowledge and understanding 

of the spatial elements and interactions in the marine environment and led to better-informed 

decision-making. In regards to salmon, this can mean using GIS to locate critical habitat and the 

presence of risks, allowing managers to push for regulations and protection to sustain the 

functional capacity of these habitats. As coastlines are increasingly modified, high-value habitat 

may be lost or degraded. Therefore, by modeling the availability and structure of this habitat, 

researchers can hope to shed light on the specific value or role this habitat has in supporting early 

marine survival among chinook. Additionally, taking stock of high-value habitats can potentially 

shed light on where salmon survival may be bottlenecking in the nearshore. Committing to 

developing a nearshore habitat inventory can then be used to inform decisions around future 

development, restoration, and monitoring programs. Given that federal funding for habitat work 

is presently available, researchers should look to capitalize on this opportunity and seek to 

compile this valuable baseline resource. In doing so, they will ensure that both current and future 

work will be guided by sound scientific data, increasing the effectiveness of its implementation. 

(Landres et al., 1988; Spellerberg, 2005; as cited in Siddig, 2016).  

7.1 Research Purpose and Aim- PHSM & IS: 

With scientists and resource managers urgently, trying to find management solutions to pressing 

environmental issues, the use of indicators to offset extensive monitoring efforts, has been used 

for many species to predict presence or population numbers (Siddig et al., 2016). With the 

relationships between species and an indicator, such as habitat, often being used to predict the 
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occurrence of that species (Siddig et al., 2016). As such, the Chiappone, Sluka, and Sullivan-

Sealey (2000) study looked at shallow reef habitat as an indicator of predator groupers in tropical 

waters. Also, the presence of predator groupers is an indicator of fishing pressures in the area. 

Given that wild salmon continue to decline across the region, there is an interest in investigating 

potential ecosystem indicators, as a means of highlighting the various threats and resource 

disparities faced by salmon in the area. With the availability of critical habitat, having been 

proposed as one of the critical indicators of salmon health and survival (WSP, 2018), the federal 

government's Wild Salmon Policy has renewed focus on habitat research. 

Additionally, studies in the Salish Sea and Puget Sound have identified eelgrass and kelp beds as 

critical rearing and foraging areas for juvenile salmon (SSMSP, 2018). In response, regional 

governance bodies on the WCVI are interested in understanding to what extent these potentially 

critical nearshore habitats occur in local waters. With the 2015- Salmon Habitat Status Report for 

the Tsowinn River identified that the current status of salmon prey resources and their associated 

habitat in Nootka Sound is unknown (DeVisser et al., 2015). There is a real need to understand 

the spatial distribution of prey species, so that these species and those dependent on, they may be 

effectively managed. This reporting on the lack of knowledge and data regarding salmon's 

trophic dependencies at a broad scale is characteristic across the WCVI (T. Lem, personal 

communications, 2019). Therefore, the outcome of this section of this research is to provide 

insight into the potential distribution of key chinook-associated species' and their habitats within 

and between crucial salmon watersheds. The goal being, to support future work aimed at 

understanding the degree of dependence chinook and their prey species may have on key habitat 

areas during the short window they inhabit nearshore waters.  

Therefore, this section of this research will focus on Goal 1 of the WSP; identifying critical 

habitat. Harnessing the modeling capacity of GIS, the aim of this part of the research will seek to 

test the hypothesis that the identification of critical juvenile chinook nearshore habitat may be 

linked to the presence of key IS and the habitat they form or utilize (eelgrass, kelp, and sand 

lance). This research will, therefore, employ works from the current, collaborative, and multi-

focused Salish Sea Marine Survival Project  (SSMSP) (2018), to develop potential habitat 

suitability models of three key species known to support juvenile chinook. The significance in 

this approach has been reported as multi-dimensional and may support resource managers 
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looking to address a variety of fisheries-based challenges (Harris and Baker, 2012; WSP, 2018) 

such as: 

• Balancing fish protection and other resource management objectives within a region (T. 

Lem, personal communications, 2019). 

• Identifying ecosystem integrity indicators related to nearshore carrying capacity between 

wild and hatchery enhanced systems ( R. Dunlop, personal communications, 2019). 

 

• Complementing RAMS (Risk Assessment Methodology is for salmon) research priorities 

to identify limiting factors to salmon survival within each DFO Fisheries Management Areas 

(DFO FMAs) (T. Lem, personal communications, 2019). 

7.2 Research Objectives- PHSM & IS: 

Develop a collection of potential habitat suitability models of key IS commonly associated with 

juvenile chinook, to support the identification of potential critical nearshore habitat and 'areas of 

value' to balance the future management of salmon use and conservation on the West Coast. 

Report on the potential extent of rearing and migration habitats at both DFO FMA and estuary 

levels, by exploring their availability, distribution, and connectivity.  

7.3 Research Questions- PHSM & IS: 

Can the spatial modeling of IS be used to indicate the potential occurrence of critical nearshore 

chinook habitat for local governance bodies to support future salmon conservation management 

initiatives on the West Coast of Vancouver Island? 

Do potential disparities exist in the availability of critical nearshore habitat, for juvenile chinook 

at the individual estuary level? Or between wild and enhanced systems?  

7.4 Structure of Part Two- PHSM & IS: 

With WCA and the SRTs having both identified regional data deficiencies, Part Two of this 

research explores the use of GIS and geophysical marine factors to model the habitat of 

nearshore IS, understood to be critical for the survival of juvenile salmon. The following sections 

include an overview of juvenile chinook nearshore habitat use, DFO’s new habitat centric WSP, 
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identifying indicators, and the use of IS as proxy for critical habitat (section 8). This section also 

explores the role of GIS modeling to identify potential habitat and references current regional 

applications from the SSMSP (section 8). Next, is the methodology used to generate the models, 

for each of the IS developed (section 9). Results of the PHSM of each IS are then shown (section 

10). With  discussions of the results and their implications for the use of PHSM, IS as spatial 

surrogates for critical habitat, and the potential existence of habitat disparities within the region 

(section 11).  Finally, general conclusions are drawn about the applicability of PHSM to support 

those on the WCVI in identifying and monitoring nearshore environments, to improve our 

collective understanding of how juvenile chinook use these systems and what it could mean for 

protecting them both (section 12). 
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8 Background- PHSM & IS 

With the federal government responsible for the management of the salmon fishery, they also 

unwittingly became accountable for the protection of the species and its habitats. However, 

this requires managing fish stocks beyond the fisheries' targeted 'golden index' of Maximum 

Sustainable Yield (MSY) and must include the identification of and protection of salmon 

habitat and the critical ecological connections that sustain it. Each being daunting tasks, given 

the range of these species and the numerous jurisdictional boundaries they cross. Needless, 

each is imperative, and as such, both of the past two iterations of the WSP have been habitat 

centric, with the principle goals to identify, protect and restore salmon habitat, as a means of 

stemming declining population numbers and to preserving genetic diversity and resilience.  

Recently the concept of 'Effective Juvenile Habitat,' (EJH) has been applied to nursery 

habitats such as eelgrass and kelp beds, given their ability to support increased juvenile 

survival (Vasconcelos, 2011; Plummer et al., 2013; Kennedy et al., 2018; Chaliflour et al., 

2019). In these habitats, levels of (1) juvenile density, (2) growth, (3) survival, and (4) 

through flow movement to habitats used by adults are increased (Vasconcelos, 2011). The 

combination of these population metrics has shown to contribute to higher overall adult 

returns (Vasconcelos, 2011). Assessment of an individual nursery is done by integrating the 

potential effectiveness of the above salmon metrics to those related to the levels of habitat 

quantity and quality available to juvenile salmon (Vasconcelos, 2011). Analysis has shown 

that those systems with increased ecosystem complexity and connectivity between nursery 

grounds and the marine environment are the most EJH, and account for the most significant 

contributions of individuals to adult populations (Vasconcelos, 2011, Chaliflour et al., 2019). 

This information is used to guide the identification of essential fish habitat, a key component 

to maintaining healthy fisheries and directing applicable management policies (Rosenberg et 

al., 2000). Research also suggests that through the development of integrated ecosystem-based 

management plans, those plans that yield the most significant ecological and economic returns 

are those, which are inclusive of both essential fish habitats and the species which use them 

(Rosenberg et al., 2000). 



94 

8.1 Habitat 

To discuss habitat-use, the word 'habitat' must first be defined. Having various connotations 

among disciplines, 'habitat' can be generally interpreted to mean "place or location where a 

species naturally occurs," or more comprehensively as "a collection of abiotic and biotic 

conditions commonly associated with a species" (Greene et al., 2005). For salmon, this can refer 

either to a particular river or ocean (Fraser River, Pacific Ocean) or, more specifically, to a 

subsection of the river  (side channel). In the Sustainable Fisheries Act of 1996 defined Essential 

Fish Habitat (EFH) was generalized as: "waters and substrate necessary for spawning, breeding, 

feeding or growth to maturity," however, the vagueness of "waters" fails to account for an 

expansive collection of potentially associated physical and biological parameters (Greene et al., 

2005). These include but are not limited to any number or combination of physical (e.g., 

temperature, current speed, and direction, depth), chemical (e.g., salinity, nutrients, minerals), 

geological (e.g., substrate type, seafloor morphology) or biological parameters (e.g., species 

density, % cover of sessile or encrusting flora and fauna) to define a given habitat (Greene et al., 

2005).  

Thus, a complete definition such as that outlined by the UN and IOC-UNESCO Environmental 

Programs in their Assessment of Assessments Report (2009), which states that: "Habitat is the 

property that inherently integrates many ecosystem features, including higher and lower trophic 

level species, water quality, oceanographic conditions and many types of anthropogenic 

pressures," provides the inclusivity needed for the comprehensive assessment of the status and 

trends in habitat integrity and extent required to manage our marine resources effectively. 

With anthropogenic induced exploitation and degradation of the world's coastlines becoming 

increasingly apparent, the associated adverse effects have significantly compromised the 

integrity, productivity, and resiliency of many of the world's coastal marine systems (UNEP and 

IOC-UNESCO, 2009). This has led to an unprecedented loss of habitat and species in the last 

few decades. In the race to document the losses and act to preserve these systems, scientists and 

resource managers have had to prioritize areas for protection, previously concentrating on those 

that are high-value, biologically rich, or endemic. In doing so, the concept of vulnerable marine 

ecosystems (VMEs) has evolved. It is now a means of quantifying the state of a system or to 

what degree it is impacted. VMEs are those systems, which are inordinately affected by human 
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activities like coastal development, commercial bottom trawling, offshore oil/gas development, 

and deep-sea mining, such that they are lost much more rapidly than other systems (Harris and 

Baker, 2012). Defined by their unique biological characteristics, VMEs such as estuaries, 

seagrass beds, glass-sponge reefs, and seamounts, are species, communities, and habitats that are 

vulnerable to varying degrees of damage or disturbance from these human activities (Harris and 

Baker, 2012). With the world's coastlines increasingly under threat, several VMEs are now found 

within coastal or nearshore zones. To address these compounding threats, the UN has called on 

regional marine and coastal managers to urgently identify and map VMEs within their 

jurisdictions. In doing so, they will support the development of effective MPA networks and 

regional fisheries management plans that take a precautionary approach to allow fisheries and 

activities in and around these ecosystems (Harris and Baker, 2012).  

So, what is nearshore? And how does it support habitat? The nearshore environment is defined as 

the shallow coastal regions of the world's oceans from 0-50 m (Gregr, Harper, and Lessard, 

2013). As the transition zone between the terrestrial and marine realms,  the nearshore is highly 

dynamic, being dominated by various combinations of wind, waves, tides, and currents. As such, 

it is a highly productive zone capable of supporting innumerable marine species, habitats, and 

human uses. Given the range of ecosystem services the nearshore provides, management must 

seek to understand both the structure and function of these nearshore environments to preserve 

and effectively manage them (Gregr et al., 2013, Schmiing et al., 2013). With substrate the key 

indicator of habitat within the nearshore, EBM would best be reinforced with accurate substrate 

maps along all coastlines to assess habitat presence, species distributions, and anthropogenic 

risks (Gregr et al., 2013). This is not an easy task, as the nearshore is a vast and highly variable 

region that cannot easily be accessed by hydrographic vessels. Thus, limiting the collection of 

the bathymetric data used to ascertain depth and substrate in this area. As such, the nearshore is 

referred to as the 'white strip' due to the general lack of high-resolution bathymetric data (Gregr 

et al., 2013).  

Recently, remote sensing and drone imagery are being evaluated for their effectiveness in 

collecting these missing data. In the meantime, researchers have been able to produce substrate 

layers with increasing accuracy by synergistically incorporating both multi and single beam 

sonar, processed backscatter, grab samples, and remotely operated video (Gregr et al., 2013). 

This has allowed researchers to identify large-scale geomorphic units of similar substrate 
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composition. These include areas of sand waves, rocky outcrops, valleys or mudflats along the 

continental shelf, or submarine canyons, seamounts, or oceanic ridges and troughs, at greater 

depths along the slope and on the abyssal plains (Harris, 2007). Building on this, they can then 

classify benthic biotypes using substrate and hydrological factors (exposure, turbidity, and 

current speed) to derive associated floral and faunal communities (Harris, 2007). 

For British Columbia's coastal waters, numerous datasets exist, which use a combination of 

physical parameters to predict benthic substrate, rugosity (surface roughness), or provide a 

classification scheme of benthic habitat. Given that some areas of the coast are known to be data 

deficient, the existing low-resolution bathymetric datasets offer, at best, a broad-scale 

interpretation of probable seafloor habitat (Harris, 2007). On the WCVI, the most recent bottom 

composition dataset was developed by Dr. Edward Gregr in 2016, using a collection of NRCan 

and DFO gathered bathymetric data, ShoreZone observations, hydrographic field sheets, and 

ground-truthing grab samples or dive surveys (Gregr, 2016). Using GIS to standardize each of 

these input datasets, potential bottom patches (BoPs) were created using a proximity analysis 

method known as Thiessen (Voronoi) polygons. Thiessen polygons use interpolation by 

sampling the correlated catchment area neighboring them to assign values to each polygon 

(ArcGIS Resource, n.d.). This method provides the most probable value given the weighting of 

those values surrounding it (ArcGIS Resource, n.d.). From this process, the developer was able 

to create a substrate classification scheme for the entire WCVI coastal region, ranging from the 

high-water line down to the limits of the photic zone, and broken into four depth categories (0-

5m, 5-10m, 10-20m and 20-50m) as well as confidence ratings for each BoP. The classification 

scheme of this layer is consistent with the now standardized system applied coastwide from the 

2013, Gregr, Harper and Lessard paper 'A spatial framework for representing nearshore 

ecosystems' whereby classification was preliminarily divided into three-predominant substrate 

classes (hard, mixed and soft) and then subsequently divided again based on the main 

components of each primary class (Table 4). 

  



97 

Table 4: Bottom type (BType) classification scheme adopted for the bottom Patch (BoPs) layer of 

the Strait of Georgia (Gregr, Lessard, and Harper, 2013). 

 

8.2 Connectivity  

With an anadromous life history, salmon are poster species for habitat connectivity and 

ecosystem-based management (EBM). While this has been recognized, its actual use, in 

practice when considering management planning, research development, or policy 

implementation, has been scarce (Flitcroft, Arismendi and Santelmann, 2018). Threatened by 

land-use changes, resource extraction, and climate change, key salmon habitats have been lost 

and fragmented. This has implications for the survival of individuals and entire populations, 

potentially if the disturbance is high enough. Therefore, as a result of their need for 

connectivity across a range of habitats from freshwater to marine, it is now agreed that lasting 

restoration and conservation efforts would benefit from a clearer understanding of the required 

synergies between these environments (Flitcroft et al.,  2018). 

Ecology defines connectivity as the pathways or linkages that tie organisms and ecological 

processes to elements of a landscape (Grober-Dunsmore et al., 2010). Increasingly, studies on 

the influence of landscape structure, have shown that connectivity is a critical factor 

influencing biomass, habitat selection, site fidelity and movement of a species (Store and 
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Jokimäki, 2003, Grober-Dunsmore et al., 2010; Chaliflour et al., 2019). This translates into 

the marine environment, whereby the level of connectivity or connectedness between different 

habitats, or among patches of the same habitat, is vital to migratory species that exhibit 

diurnal movements or ontogenetic migration (Chaliflour et al., 2019; Olson et al., 2019). In 

the marine environment, those habitats or patches that are proximally linked to neighboring 

patches through the movement of biotic and abiotic elements are referred to as a 'Seascape' 

(Olson et al., 2019). Distinguishable at a range of spatial scales, a seascape may cover a vast 

area, encompassing the continental shelf, slope, and the abyssal plains. Whereas, on a small 

scale, marine seascape may span only meters in the distance, covering patches of seagrass or 

rocky reef formation. Independent of the length of a seascape, connectivity is related to the 

connectedness of the elements within the seascape. Those that are dispersed represent low 

connectivity, while those that are adjoined or in close proximity represent high connectivity 

(Figure 24). The exact distances are subjective to the unique ecological needs and 

physiological capacity of a species to navigate their environments. Thus, the same seascape 

can be more or less connected depending on the species or the age class of the species, with 

juveniles often less fit to navigate areas of low connectivity, in contrast to adults of the same 

species (Figure 24). 

 

Figure 24: A conceptual diagram depicting varying levels of seascape connectivity. High levels 

of connectivity occur when essential habitats are within proximity, and juveniles can easily move 

between them. Low levels of connectivity occur when distances are high, and only adults can 

easily travel between them (Grober-Dunsmore et al. 2007, as cited in Olsen et al., 2019). 
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As a naturally dynamic system, the marine environment is susceptible to both small and large-

scale disturbances that can alter the physical composition or configuration of habitat temporarily 

or permanently. If significant enough, habitat disturbances can have landscape-level effects on 

habitat connectivity, having profound cascading impacts on the behavior, growth, survival, or 

spatial distribution of a species (Grober-Dunsmore et al., 2007 as cited in Olson et al., 2019).  

However, sites without physical disturbances and consistent physical elements may also express 

varying levels of connectivity dependent on the individual biological and behavioral traits of a 

species, which dictate how it interacts with its surroundings (Grober-Dunsmore et al., 2007 as 

cited in Olson et al., 2019). This species-dependent subjectivity makes describing the 

connectivity of a system at larger scales challenging.  

To address this, Calabrese and Fagan (2006 as cited in Grober-Dunsmore et al., 2010) quantified 

connectivity in three ways: (1) structural, (2) physical, and (3) actual connectivity (Table 5). 

'Structural' connectivity is usually defined by the spatial occurrence of physical structures in the 

system and generally mapped to show the physical configuration of habitats, with little emphasis 

on biotic elements (Grober-Dunsmore, 2010). 'Physical' connectivity infers dispersal related 

information based on species-specific abilities or discrete environmental processes, such as the 

current-driven larval dispersal rates of corals (Grober-Dunsmore, 2010). Meanwhile, 'Actual' 

connectivity aims to quantify the real movement of individuals throughout the seascape (Grober-

Dunsmore, 2010).  
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Table 5: Definitions of major landscape ecology concepts and examples of their context in coral 

reef systems (adapted from Calabrese and Fagan, 2006; as cited in Grober-Dunsmore et al., 

2010). 

 

With survival in migratory species such as salmon, inextricably linked to their ability to 

successfully navigate several (often critical) 'ontogenetic stepping-stones,' research indicates that 

their movement patterns are likely affected by seascape composition and spatial composition as 

depicted in Figure 25 (Grober-Dunsmore et al. 2007 as cited in Olson, et al., 2019; Rahr, 2019). 

Spatial factors such as edges, corridors, and patch size can affect the movement of a species as 

they influence the availability of protective and foraging grounds (Olson et al., 2019). 

Additionally, it has been shown that habitats of high structural complexity (such as eelgrass and 

kelp beds) are more productive habitats than habitats with low structural complexity (such as 

unvegetated sand) (Olson et al., 2019). To date, the benefits of these highly productive habitats 
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have primarily been investigated as isolated systems. However, it is now known that the 

productivity of these systems is the result of their connectivity to surrounding habitats, through 

the flux of nutrients, flora, and fauna (Olsen et al., 2019; Rahr, 2019).   

 

Figure 25: A conceptual diagram showing the influence seascape connectivity has on nearshore 

nursery habitats.With juvenile densities, growth, and survival associated with the productivity of 

these habitats, seascape features, such as habitat configuration and habitat composition, are 

critical to enabling connections between habitats and mediating the flow of environmental 

processes (Grober-Dunsmore et al. 2010).   

 

Therefore, given its importance, nearshore seascape connectivity should be further investigated 

as a metric for assessing salmon habitat use to support the conservation and management of key 

habitats for these migratory species.  Using GIS, researchers can identify habitat areas and map 

out landscape features, thereby allowing them to capture the 'structural' connectivity of this 

seascape. This can then be assessed against known physiological species-dependent traits, such 

as daily and annual migratory capacities, from marine entry points to adult feeding grounds to 

determine 'physical' connectivity. Finally, the determination of 'actual' connectivity can then be 

validated using the monitoring or tagging methods presently underway by DFO to track 

individuals' movements and habitat use. 
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8.3  Salmon Nearshore Utilization 

 Studies looking at nearshore use by juvenile chinook salmon have shown that immediately upon 

leaving their natal streams, ocean-type chinook salmon (Oncorhynchus tshawytscha) migrate 

into the marine environment where they undergo an energy-intensive physiological 

transformation, known as smoltification to survive in their new saline environment (EuroVision, 

2007). This is a critical growth period for young salmon as they must rapidly increase their lipid 

reserves in preparation for their offshore migration. During this stage, young salmon are 

particularly vulnerable, and to survive, they utilize shallow water areas such as eelgrass beds and 

estuaries for both food and shelter (M. C. Right & Associates Ltd, 2015). During their time in 

nearshore waters, juvenile salmon are experiencing a growing number of threats, including 

pathogens, parasites, predators, and climate-induced trophic alterations, all of which are believed 

to be responsible for the continually poor recruitment numbers seen on the coast (Johnson et al., 

2018).  

Studies are also showing that ocean-migrating juvenile chinook are having a more extended 

nearshore marine residency than previously thought, as WCVI chinook remain near (200-

400kms) to their ocean entry point during both their first and second ocean years (Trudel et al., 

2009). This variability in offshore migration timing and nearshore residency subjects the stocks 

to a wide array of climatic and oceanic conditions, which may impact their survival rates (Trudel 

et al., 2009). Thus, it is felt that the fate of specific stocks may be dependent on where they 

migrate and how long they spend there (Trudel et al., 2009). Therefore, there is an emphasis on 

understanding the "where" in the marine environment these stocks inhabit, as this can lead to a 

better understanding of the challenges they may face. Research has shown that juvenile salmon 

like numerous other fish species are heavily reliant on estuaries and eelgrass beds for early 

marine rearing habitat for foraging and refuge habitat (EuroVision 2007; M. C. Right & 

Associates Ltd, 2015; Kennedy et al. 2018).  Considered as "salmon highways," nearshore 

eelgrass beds specifically, are known to provide habitat for more than 80% of commercially 

important marine species and including all five species of salmon during various stages of their 

life histories (Durance 2002; Chalifour et al., 2019). Unfortunately, eelgrass beds are found in 

the same sandy or mud- bottomed, bays prized as anchorages, marinas, or log sorting facilities by 

coastal settlements given their relative shelter and limited exposure. As such, eelgrass beds have 

experienced substantial losses throughout their range in the last century as coastal development 
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has swelled worldwide (Reynolds, Duffy and Knowlton, 2018). Due to the continued declining 

trends being observed in the survival of juvenile salmon over the past few decades (Beamish et 

al., 2003), diminishing eelgrass habitats have been identified as a factor (Nahirnick, 2018; 

Lipcius et al., 2019).  Fragments of their former range, eelgrass meadows, and estuaries no 

longer act as a refuge for juvenile salmon, in the same capacity they once did (Furey, 2018). 

Dictated by natural and human-made disparities within this marine landscape, the nearshore 

migration of juvenile chinook, subjects them to numerous biological pressures both locally 

and regionally, such as resource scarcity, competition, predation, and disease. These are then 

compounded by anthropogenic pressures of coastal development, habitat loss, pollution, and 

fishing pressure. To understand which risks are impacting which populations, studies aimed at 

tracking the timing and duration of their migrations into and through the nearshore, have 

shown that ocean type juvenile chinook are entering the estuaries in early spring. They then 

transition to other nearshore habitats by summer, finally moving to deeper waters by late 

summer and fall. It is here, where they are consistently caught in DFO's annual offshore 

sampling projects (J. Bolt, personal communication, 2019). The exact timing of their 

migration has been reported to coincide with growth rates and prey availability as larger 

juveniles make the migration earlier. At the same time, smaller individuals remain in 

shallower rearing habitats longer unless driven out by declining prey availability (Duffy, 

2009). Studies conducted throughout these months have shown that the diets of juvenile 

chinook are highly variable and geographically linked to the availability of prey in the region 

(Duffy, 2009; Furey, 2018). There is, however, one exception, as juvenile chinook have been 

shown to exhibit consistent associations with eelgrass dependent prey species during the 

spring (Duffy, 2009; Chalifour et al., 2019). This is then followed by a gradual ontogenetic 

shift to a more piscivorous diet of Pacific sand lance (Ammodytes hexapterus) and herring 

(Clupea pallasii) into the fall (Duffy, 2009). This transitional phase drives the migration of 

salmon that are now seeking larger pelagic prey species, out further into the marine 

environment (Duffy, 2009). From May to August, both PSL and herring, seasonally migrate 

into shallow waters (Haynes et al., 2007), where they have been found to occupy a range of 

habitats including; bedrock outcrops, eelgrass beds, cobbled areas with understory kelp, sandy 

beaches and canopy-forming kelp beds (Haynes et al. 2007; Johnson et al. 2008; de Graff 

2014). This seasonal migration pattern sees these prey species coinciding both spatially and 

temporally, with that of out-migrating juvenile chinook salmon.  
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By mid-summer, juvenile chinook is transitioning to deeper waters, before moving offshore 

(Trudel et al., 2009). Once in these deeper coastal waters,  predation threats increase 

dramatically, causing juvenile chinook to preferentially frequent vegetated habitats over 

unvegetated ones. (Duffy, 2009; Trudel et al., 2009). Here they seek refuge among kelp beds 

and, more specifically, the middle of kelp beds as a means of predator avoidance (Trudel et al., 

2009). Canopy-forming kelp species are dominant features of nearshore waters in the pacific 

northwest. Their abundance is, in part, why they are considered as vital ecosystem engineers 

(Braeckman et al., 2014), given that they can form dense "underwater forests" beneath their 

floating canopies. Within these forests, a wide array of marine life can find anchorage, shelter, 

and food. Conveniently, kelp is widespread and can be found along most rocky coastlines 

(Braeckman et al., 2014). The same coastlines used as migration corridors by juvenile salmon 

and returning adult salmon. Because they rely on canopy-forming kelp at various stages of their 

migration, loss of this habitat could have multi-generational impacts on a population. Therefore, 

with pressures on salmon habitat continuing to increase, Strategy 2 of the previous WSP (2006) 

called for the identification, maintenance, protection, and restoration of high-value habitat to 

maintain salmon productivity. The report defined high-value as habitat as, "habitat which if lost, 

would impair the CUs ability to meet production goals and preserve genetic diversity (i.e., 

remain in the red biological status zone for WSP Strategy 1)" and specifically mentioned 

"eelgrass beds, herring spawning habitats, intertidal forage fish spawning habitats, intertidal 

wetlands, intertidal mudflats, and safe and timely migratory pathways for salmonids in marine 

waters" (WSP, 2006). While not explicitly mentioning kelp, they are known to be a key element 

of the nearshore marine environment, acting as migration highways for juvenile salmon" (Rahr, 

2019). 

Given the ecological importance of estuaries, seagrass beds and kelp forests to juvenile chinook 

salmon during their first year of life, identifying and mapping their location and extent is critical 

to ensuring the preservation of these system's ecological integrity (Harris and Baker, 2012). 

Found to occur along the shorelines, these habitats collectively fall within the 'nearshore' 

boundaries of the marine system. It is here that there are consistently higher marine production 

levels and biodiversity, thanks to the mixture of nutrients, energy, and waters from both the 

terrestrial and marine (Schaffer, 2003). Because of this high productivity, the nearshore can 

support countless species, most of which depend on it during their juvenile stage for rearing. In 
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regards to juvenile chinook, these habitats act as migration corridors as they move from inland 

waters to deeper offshore adult waters (Schaffer, 2003). 

8.4 Potential Habitat Suitability Modeling 

With the 2006 WSP having called for the documentation of salmon habitat ranges throughout 

both freshwater and marine systems. The enormity of this work, however, prohibited a hundred 

percent ground surveys of the entire coast. Instead, the WSP recommended the use of species 

distribution modeling as a valuable tool for determining distribution throughout watersheds and 

CUs based on habitat use. The report recommended using a combination of broad-based 

geomorphic and topographic criteria, which are individually relevant to each species of salmon's 

unique needs, preferences, and available water connectivity within the watershed (WSP, 2006). 

Suggested criteria could be either broadly- applicable to all species of salmon, such a  stream 

gradient or order, and water quality or quantity at a scale of 1:20,000. Or criteria could be more 

localized (1:5000) and species-specific such as spawning chinook's preferential use of mainstem 

rivers and tributaries with low gradient channel slopes of less than 4%, (Raleigh et al. 1986; 

Montgomery and Buffington, 1997; as cited in WSP, 2006). At these finer scales, high-value 

habitats such as spawning gravels could be identified. Defined as habitat, "which, if lost, would 

impair the CUs' ability to meet production goals" (WSP, 2006), these high-value habitats vary 

throughout a salmon's life, ranging from the headwaters of coastal rivers, running downstream 

into the estuaries, and running along the coastline before salmon migrate offshore.  

Thanks to advancements in remote sensing, hydrographic surveying, and geographic information 

systems, the way we manage our oceans is rapidly changing. These technologies are effectively 

allowing us to see through the waves and visualize the seascape below. Sourcing relevant 

information from the literature or empirical data regarding species-habitat relationships to 

understand the unique role substrate plays (Vogiatzakis, 2003). Understanding "what's there" or 

the topography of the ocean seafloor is thought to be the basis for understanding ecosystem 

functions and species compositions. Drawing from various sources, such as multi-beam sonar, 

side-scan sonar, remotely operated vehicles, and satellite imagery, there are now numerous 

benthic habitat datasets that can be visualized and analyzed using a GIS (Harris and Baker, 

2012). Incorporating this benthic data, along with other relevant biological and physical spatial 

layers, can identify spatial overlaps among optimal conditions, and potentially suggest the 

location of  a VME, EJH, or other significant areas. This information can then be cataloged as 
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part of a detailed resource inventory, becoming a valuable reference for conservation and 

management decisions moving forward. Habitat mapping can then make use of this data 

repository to promote environmental protection and the sustainable use of marine resources by 

providing the foundational information required for these conservation efforts (Van Son et al., 

2014).  

In resource management, effective and efficient decision-making is contingent on access to 

timely and accurate information (Vogiatzakis, 2003). While this information was traditionally 

gained through in situ surveying and monitoring, data collection at sea is often hindered by 

environmental challenges or the remoteness of an area (Canessa, 2016). Compounding these 

environmental challenges are institutional ones related to limited resources and time-sensitive 

decision-making (Vogiatzakis, 2003). To alleviate these challenges, the use of ecological 

modeling has become widespread as a  means of simulating real-world ecological processes in a 

simplified manner. Given the complexity and delicate balance in which the natural world 

operates, modeling is, at best, an approximate of its' natural processes (Harris and Baker, 2012). 

Early modeling was initially mathematically based, today; however, GIS-based modeling 

incorporates both mathematical models and systems analysis to support ecological research and 

the management of natural systems and resources (Vogiatzakis, 2003). Relying on either field-

collected or theoretically accepted data, these models are developed to be either explanatory or 

predictive (Berry, 1995; as cited in Vogiatzakis, 2003).  With an explanatory approach being "the 

use of a model to explain the overall processes of the system, by characterizing each of the direct 

interactions among the components within the system," while a predictive approach is "one 

where a model is used to explore a system's response to changes in the interactions among its 

components" (Berry, 1995; as cited in Vogiatzakis, 2003).   

The general principles of habitat modeling were founded in predictive vegetation mapping. 

Driven by a need to understand and predict responses to potential environmental changes, 

resource managers sought to develop a baseline by accurately mapping the composition and 

patterns of vegetative communities at the landscape level (Harris and Baker, 2011). Marrying 

botany and geography, this process involved the use of a taxonomic classification system to 

quantify areas or units of vegetative species, followed by mapping their spatial extent 

(Vogiatzakis, 2003). In doing so, the mapping of the physical location of these units could reveal 

spatial and temporal patterns that were attributable to heterogeneous factors, such as climate, 

elevation, soil, or human disturbance (Alexander and Millington 2000; as cited in (Vogiatzakis, 
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2003). Referred to initially as 'gradient modeling,' in response to the influence environmental 

gradients had on the natural distribution of various vegetative species (Millington et al., 2002; as 

cited in Vogiatzakis, 2003). With the development of GIS and RS, the collection of digital data 

for topography, geology, soils, and vegetation has grown rapidly. It can now be integrated into 

predictive modeling beyond vegetative studies (Vogiatzakis, 2003). Models have proven an 

effective tool when census and mapping are unattainable. 

The output of these models is habitat distribution maps, which rely on various vegetation to 

indicate the presence of a habitat. These maps can then be used to predict the distribution of 

species associated with a distinct habitat (Millington et al., 2002; as cited in Vogiatzakis, 2003). 

With the importance of habitat structure having been shown to profoundly influence habitat 

selection (Jokimäki and Hutha, 1996), researchers must also include habitat factors (connectivity, 

biodiversity, and limiting factors), as these will impact the species range and richness within a 

given habitat. As the coastal zone environment becomes continually fragmented, studies have 

identified the importance of landscape structure when considering species losses, MPA planning, 

and management actions (Jokimäki and Hutha, 1996). This is where the use of GIS and modeling 

is of benefit to manage and produce the volumes of data required to model habitat suitability. 

Also referred to as spatial modeling, this process involves the use of map-algebra statements to 

combine several mappable features to identify areas that simultaneously meet all defined 

parameters of habitat criteria for a species (Jokimäki and Hutha, 1996). 

From the perspective of management and conservation, the principal value of PHSM is that by 

modeling (and mapping) the spatial distribution of habitat,  this distribution can be used to 

estimate the occurrence of species commonly associated with that habitat type (Harris and Baker, 

2011). This means that various physical attributes of the seafloor are related to specific habitats 

and that they can act as proxies for the presence of commonly associated species (Harris and 

Baker, 2011). Inversely, the loss of either habitat or species may also signal a loss of the other. 

Therefore, in regards to juvenile chinook, there is an urgency to identify those habitat-related 

indicators, which are both measurable and mappable (Harris and Baker, 2012).  By documenting 

their present extent and health, this may shed light on the declining patterns of early marine 

survival being recorded in WCVI salmon. Therefore, the use of PHSM may act as a 'launch 

point' to initiating EBM, preserving an ecosystem's integrity  (Greene et al., 2005). 
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8.5 Indicators 

Given their anadromous lifecycles, high-value salmon habitat encompasses habitat ranging from 

the headwaters of coastal rivers, running downstream into the estuaries, and including migratory 

pathways, which run along the coastline before salmon migrate offshore. Along the way, salmon 

encounter a gamut of threats from climatic change, habitat loss and fragmentation, pollution and 

contamination, disease outbreaks, and competition from the introduction of hatchery fish and 

other invasive species (Carocci et al., 2009). Identifying what threats are impacting which 

salmon species, either individually or cumulatively and at what level, either locally or coastwide, 

has proven very challenging. Given that there are significant knowledge gaps in the data of some 

populations (or CUs), scientists are in a race against time to collect critical information about 

habitat availability and use for some dwindling chinook populations. With the coastal zone 

increasingly threatened,  identifying these threats requires that researchers can detect both short-

term and long-term ecological changes   (Carocci et al., 2009). One successful strategy for 

detecting change has been the use of biological IS. These are species that are easily monitored 

and given their ecological status are a reflection of environmental conditions (Sidding et al., 

2016). According to the Sidding et al., (2016) paper, IS allow scientists and managers to predict 

the conditions of a system, based on the hypothesis that "the cumulative effects of environmental 

changes are reflected by, the current status or trends in the diversity, abundance, reproductive 

success of one or more species living in that environment." 

Additionally, the monitoring of IS population dynamics is considered to be a cost-effective and 

reliable way to detect ecosystem change, as population parameters such as abundance, density, 

age/size structure, and reproduction rate are both easily measured and sensitive to environmental 

changes (Spellerberg, 2005 as cited in Sidding et al., 2016). Therefore, by tracking IS, scientists 

can explore the effects of either short-term severe stress events or persistent long-term changes 

(Sidding et al., 2016). With the management of salmon having been chronically underfunded to 

date, the adoption of indicators by the WSP 2018, is a way to reliably track this species 

indefinitely, given funding shortfalls and variability. The goal being, that by developing a set of 

core environmental indicators associated with salmon ecosystems, researchers will be able to 

track changes in salmon populations in response to habitat changes.  The WSP (2018) outlines 

that research will need to compile measurable data for key ecosystem components and translate 
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these into indicators, using common standards. The FAO states numerous and cumulative 

benefits to using IS that allow researchers to: 

• “Improve the predictive modeling of ecosystem components, where direct observations 

are not possible”. 

• “Describe the causal links between pressure and state indicators, using spatially 

resolved predictive models”.  

• “Improve the options for visualizing modeled outcomes alongside an array of ecosystem 

components by strengthening the links between ecosystem models and GIS”.  

• “Developing standards for visualizing ecosystem components from expert knowledge 

alone for areas when predictive models and observations are unavailable”. 

(Carocci et al., 2009). 

 

In regards to using IS for determining coastal habitat, it has been shown that while biobands of 

marine flora and fauna are suggestive of habitat distribution, it is instead best assessed using a 

combination of physical and biological attributes (Cook et al., 2017). In their report, Cook et al. 

(2017), summarized that "habitat type was analogous to the physical shoreline type," based on 

their findings, the distribution of certain biobands were found to occur in the same repeatable 

patterns as substrate type and exposure happened. Making these factors key determinants of 

intertidal epibenthos communities reliant on substrate attachment to establish (Cook et al., 2017). 

Therefore, by using geophysical factors such as substrate, exposure, and light to predict shoreline 

vegetation, can act as a proxy for the biological component, required to predict species habitat 

use such as salmon (Cook et al., 2017).   

8.6 The Salish Sea Marine Survival Project 

With similar downward trends for wild salmon being felt coastwide in the Pacific Northwest, 

multiple agencies and research institutes are collaborating on understanding this species and the 

threats they face to address the challenges impeding their recovery, to sustain the fishery.  This 

has led to partnerships between groups on both sides of the Canadian- USA border, working 

together to address issues within their shared waters. The SSMSP is one of the most 

collaborative and comprehensive undertakings to date. The study will take a multi-focused 
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approach, exploring the physical, chemical, and biological factors impacting survival on a 

regional scale (SSMSP, 2018). Findings will be shared to enhance our collective understanding 

of the marine stage of these species, for the goal of facilitating stronger returns through 

improved, coordinated management (SSMSP, 2018). The bases for this project is a common 

understanding that numerous environmental changes are at play. Being driven internally by 

regional trophic interactions and externally, by larger-scale ecological shifts, these pressures are 

acting both individually and cumulatively to depress marine survival rates. Therefore, the scope 

of the project includes studies on:  

• Bottom-up processes, such as weather, water, and plankton, which drive prey 

availability for juvenile salmon and forage fish, potentially limiting their growth and 

survival. 

• Top-down processes, such as increased predation risks for both juvenile and adult 

salmon throughout the region and at critical bottlenecks. 

• Additional factors, including pollution, disease, competition, and the cumulative 

effects from both top-down and bottom-up processes co-occurring. 

(SSMSP, 2018). 

With early marine survival, now understood to be critical for recruitment rates, this project has 

focused on several simultaneous sampling studies, to examine both the physiological conditions 

of out-migrating juveniles, as well as, the physical and biological environmental conditions 

present during this critical growth period (SSMSP, 2018). The results of these sampling efforts 

will allow for an increased understanding of the relationship between salmon survival and prey 

availability, as well as the factors affecting these. In response to their sampling efforts, another 

significant component of the project will be the use of vegetative restoration to improve 

nearshore food webs and habitats for juvenile salmon.  

8.7 Nearshore Habitat Mapping  

 Drawing from various sources, such as multi-beam sonar, side-scan sonar, ROVs, and 

satellite imagery, there are now numerous benthic habitat datasets, which can be used for 

visualization and analysis in a GIS (Harris and Baker, 2012). Working with other spatial 

layers, representing relevant biological and physical data, scientists can identify overlaps of 

optimal conditions that could potentially suggest the location of a VME or other significant 
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areas. While habitat mapping requires balancing abiotic and biotic factors in the modeling of 

potential habitat, there is also a need for validation using datasets of known habitat or via 

ground-truthing in the field. Therefore, 'PHSM,' more accurately depicts the process of 

defining a distinct collection of seafloor conditions that may be found to represent habitat 

(Greene et al., 2007).  Only once habitat associations of a species are determined in the field, 

then they can be used to map "actual habitat" (Greene et al., 2007). As more of the world's 

seafloors are mapped using high-resolution bathymetric instruments, this will allow for habitat 

models to more precisely describe the distribution and extent of physical environments and 

their associated biological communities (Harris and Baker, 2012).  

Implementing the WSP on the WCVI will only be possible by increasing our understanding of 

salmon's distribution and habitat preferences for each of the species. With the literature 

defining common preferences for chinook in the Pacific Northwest, further information is 

required to understand those preferences unique to the geographically distinct WCVI region 

and each of the salmon supporting systems within it. However, given the size and remoteness 

of the area, this process will be exhaustive. Therefore, the use of GIS  and the modeling of 

potential habitat can be used to support sampling efforts, to reduce costs and increase their 

efficiency. 
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9 Methodology- PHSM & IS 

This section focuses on modeling the potential habitat of three key nearshore IS, known to 

support juvenile chinook during the early marine period of their lifecycle. Using current 

modeling techniques employed by the SSMSP (2018) potential habitat suitability models were 

produced using literature defined, habitat-supporting geophysical variables unique to each 

species. For clarity, this section is divided into individual sub-sections, each looking at a 

single IS. The layout of each subsection includes the data used, the modeling methodology, 

maps of potential distribution, and validation results using empirically derived datasets. 

Finally, the combined validation of each of the IS was then assessed against actual habitat 

data (HSR data) for key salmon systems on the WCVI. Referred to as the estuary inventory, a 

final model was created to explore the capacity of the IS models to predict juvenile salmon 

habitat and also to detect if disparities exist in the availability of nearshore habitats at the 

individual estuary level. Discussions were drawn both individually, within the subsections and 

then collectively at the end. 

9.1 Methodology Background and Rationale  

With the nearshore having recently been identified as a survival bottleneck for juvenile salmon, 

the rationale and design phase of part two involved both a literature review of current research 

and correspondence with some of the field’s leading salmon researchers on the topic. Experts, 

responded with direct quotes, links to pertinent research or contact information for others also 

looking at the nearshore and critical habitat. Those contacted in the spring of 2019, included:  

DFO and NOAA 

• Amy Mar- Regional Manager, Sustainable Fisheries Framework. DFO. 

• Dr. Jackie King- Research Scientist, Ecosystem Science Division DFO. 

•  Dr. Jennifer Bolt- Research Scientist, Ecosystem Science Division DFO. 

• Dr. Richard Beamish- Emeritus scientist, DFO. 

• Dr. Laurie Weitkamp- Fisheries Biologist with the U.S. National Oceanic and 

Atmospheric  Administration’s Northwest Fisheries Science Centre. 

•  Shannon Anderson - Restoration biologist, DFO. 

• Dr. Kim Hyatt- Head, Salmon in Regional Ecosystems Program DFO. 

• Wilf Leutke and Diana Dobson- Fisheries Biologists-DFO. 
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• Miriam O- Head Marine Spatial Ecology and Analysis Section, DFO.  

• Pete Wills- Regional Manager, Canadian Hydrographic Services, DFO. 

 

First Nations 

• Karenn Bailey- Director Resources and Economic Development | Nuchatlaht Tribe.  

• Keith Atilio- Hereditary Chief of the Nuu-chah-nulth Tribe in Port Alberni.  

• Eric Angel- Fisheries Manager, Nuu-chah-nulth Tribal Council. 

• Jared Dick- Fisheries Manager, Nuu-chah-nulth Tribal Council. 

• Candace Picco- Fishery Biologist, Nuu-chah-nulth Tribal Council. 

• Jack Johnson- GIS Manager, Mowachaht/Muchalaht First Nation. 

• Kadin Snook- Fisheries Manager, Mowachaht/Muchalaht First Nation.  

• Roger Dunlop- Regional Biologist, Nuu-chah-nulth Tribal Council.  

 

University Center of the Westfjords Alumni, who worked in the region. 

• Pip Atkins (UW alumni): Thesis: Governance and MPAs. 

• Danny O'Farrell: Thesis: FN fisheries on the WCVI. 

• Ryan O’Connell (UW alumni): South Coast Fisheries Manager DFO, Thesis: Quota 

 system and the WC Halibut fishery.  

 

Pacific Salmon Foundation & International North Pacific Anadromous Fish Commission.  

• Dr. Brian Riddell: Past Director of the Pacific Salmon Foundation. 

• Dr. Vladimir Radchenko- Director of the International North Pacific Anadromous Fish 

 Commission.  

 

Professors  

• Dr. Evgeny Pakhomov- Director of the University of B.C.’s Institute for Oceans and 

 Fisheries. 

• Dr. Francis Juanes- Professor at the University of Victoria. 

• Dr Brian Hunt- UBC Hakai Professor in Oceanography.   

• Dr. Luba Reshitnyk: Geospatial Researcher, Hakai  Institute. 

• Dr. Margot Hessing-Lewis- Nearshore Marine Ecology, Hakai Institute.   

• Dr. Edward Gregr- Scitech Consulting, UBC Geospatial Professor, and Past DFO. 

 

Societies & Companies 

• Kent O’Neil -  Nootka Sound Watershed Society Director.  

• Samantha Kagan- NSWS stewardship coordinator.  

• Jessica Hutchinson- Central WestCoast Forest Society Director.  

 

These efforts, combined with past personal knowledge and experience working on monitoring 

and mapping eelgrass and kelp systems on the East Coast of Vancouver Island, revealed the 

spatial data requirements and guiding literature used to develop the models. 
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9.2  Potential Habitat Suitability Modeling-Eelgrass  

9.2.1 Eelgrass- Introduction & Background 

Zostera marina, or eelgrass, as it is commonly known, is the most common subtidal seagrass 

along the west coast of North America. Ranging from California to Alaska, eelgrass is grass-like 

plants composed of long blades that form discrete seagrass meadows along the coast (Stark et al., 

2018). Limited to calmer intertidal and shallow subtidal depths, composed of sand and mud 

substrates, eelgrass beds are light-dependent and susceptible to up-rooting from sediment 

disturbance by strong wave action (Mumford, 2007). The maximum depth of seagrass is down to 

30m in the tropics. However, in more northern latitudes, this limit is significantly reduced due to 

insufficient light penetration to sustain photosynthesis (Sloan, 2006). Predominately a sub-tidal 

species, eelgrass can also be found in the lower reaches of the intertidal zone. Here their upper 

limit is determined by where exposure to desiccation and wave energy (Sloan, 2006).  

Known to be nursery grounds for some 80% of commercial fish and shellfish species, including 

all species of salmon, eelgrass beds offer shelter and foraging habitat during their critical early 

life stages (Chalifour et al., 2019). For juvenile salmon, eelgrass beds within estuaries are some 

of the first habitats they inhabit when entering the marine environment. Therefore, as a result of 

their ecological importance, changes in eelgrass abundance and distribution are likely to affect 

other species. Being susceptible to both physical and water quality disturbances, eelgrass is an 

excellent environmental indicator and a proxy for ecosystem integrity (Olive and Osborne, 

2013). Unfortunately, however extensive coastal development over the past 100 years has led to 

the widespread decline of these environments. Research suggests that globally seagrass beds are 

declining at a rate of 1.5% annually, and this has resulted in an estimated 29% loss over the last 

century (Reynolds, Duffy and Knowlton, 2018). The severity of their decline is understood to be 

responsible for related losses in species, such as salmon (Nahirnick et al., 2018; Rice, 2019), 

which depend on eelgrass and the protective habitat forms. With salmon numbers continuing to 

decline, several studies have looked to map the extent of eelgrass along the coast to assess the 

correlation between these species (Reshitnyk et al., 2017; Kennedy et al., 2018; Nahirnick et al., 

2018; Rahr,2019). 

Fragments of their former range, eelgrass meadows, and estuaries no longer have the capacity to 

act as a refuge for juvenile salmon, as they once did (Rahr, 2019). Regionally, the State of 
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Washington has undertaken several studies looking at the extent of eelgrass and its use as high-

value, EFH, or critical habitat for juvenile salmon. On the WCVI, several studies have been 

conducted over the past few decades to map the distribution of eelgrass. Yet those looking to 

relate their occurrence to that of juvenile salmon have just begun (E. Angel, personal 

communication, 2019). Of those studies looking to map the extent of eelgrass, a number have 

been conducted in Clayoquot Sound, using a variety of techniques. These include: 

• Strawberry Island Marine Research Society unpublished maps summarizing most of their 

Clayoquot Sound eelgrass mapping work of 1999-2004 

 

• West Coast Aquatic seagrass distribution map (2011) developed as part of their "Marine 

Atlas of Clayoquot and Barkley Sounds."  

• (http://westcoastaquatic.ca/plans/marine_atlas/) 

• BC Marine Conservation Analysis combined sources, map (1990-2000) of eelgrass 

polygons and eelgrass biobands (http://bcmca.ca/?s=eelgrass)  

 

• Living Oceans Society map (2013) of relative abundance of eelgrass 

(http://www.livingoceans.org/maps/ocean-‐ecosystems/eelgrass)  

 

• Community Mapping Network eelgrass bed mapping 

(http://www.cmnbc.ca/atlas_gallery/eelgrass-‐bed-‐mapping) 

• The Province of British Columbia ShoreZone Biobands dataset created from 

georeferenced video and photographs collected at low tide between the late 1980s and 

2004. (https://catalogue.data.gov.bc.ca/dataset/ShoreZone-biobanding-lines) 

 

• Parks Canada and the Hakai Institutes (2017/2018) eelgrass bed mapping via drone 

imagery analysis. Available by request only at 

 (https://catalogue.hakai.org/pl/dataset/eelgrass-extent-coastal-british-columbia) 

The age and methodology of some of these studies, however, inhibits direct comparisons, as 

some studies indicated a distribution (area) and others only presence (point location). This is the 

case with the coastwide ShoreZone Inventory study, which used visual and video review to 

simply state the presence of eelgrass as an attribute of a linear across-shore habitat unit and is 

depicted as a polyline feature without extent boundaries. Given that this is the largest 

comprehensive coast-wide dataset available, the Hakai Institute has developed a methodology to 

estimate the extent of eelgrass from these polyline features. Using the interpolation capacity of 

GIS, the author created a polygon extent layer by extracting ShoreZone presence data and 

https://catalogue.hakai.org/pl/dataset/eelgrass-extent-coastal-british-columbia
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generating Thiessen's polygons to define the potential area of beds. These areas were then 

clipped to a mean known max depth value based on an analysis of existing eelgrass datasets 

(Figure 26). 

 

Figure 26: Workflow depicting the conversion of ShoreZone eelgrass lines to polygons 

(Reshitnyk et al., 2016). 

 

With numerous studies looking at both coast wide (Reshitnyk et al., 2016) and regional eelgrass 

distribution (Schubert et al., 2015; Shafer et al., 2016), a catalog of geophysical variables known 

to impact eelgrass growth, has been developed. This includes both static and dynamic factors. A 

review of various eelgrass mapping and modeling literature indicated that a variety of 

geophysical variables regulate the species composition in marine vegetated areas. From the 

summary report by Schubert et al. (2015)  looking at various researchers work, they summarized 

the following key factors for eelgrass growth: exposure to air (Lewis et al., 1985; Duarte, 1991), 
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light (Backman and Barilotti, 1976; Dennison, 1987; Duarte, 1991; Nielsen et al., 2002; Krause-

Jensen et al., 2003) wave exposure (Robertson and Mann, 1984; Lewis et al., 1985; Thom, 1990; 

Fonseca et al., 2002; Krause-Jensen et al., 2003; Schubert et al., 2015), and slope (Duarte and 

Kallf, 1990; Narumalani et al., 1997; Schubert et al., 2015). Coincidently, Shafer et al. (2016), 

also reported light, wave exposure, and slope as factors used in their work. Overall, exposure is a 

principal determinant of the topography, wave energy, and substrate composition, and it dictates 

the distinctive type of beach formed (Sloan, 2006; Vacchi et al., 2010 ).  

Of these variables, depth, exposure, and slope are commonly available datasets. Thus, these 

variables are repeatedly used in modeling eelgrass presence and absence. When available, a 

bathymetric substrate layer is also included in modeling efforts. However, the occurrence of 

eelgrass (and other species) limited to the nearshore, this data is often missing. Due to the overall 

lack of bathymetric data in the nearshore, this area is referred to as the 'white strip,'  given that it 

appears as such on hydrographic charts. This void is due to the inaccessibility of hydrographic 

mapping vessels into these shallow waters and the prohibitive costs of acquiring satellite 

imagery. With the latter, often lacking in extensive coverage or impaired by sea surface 

conditions and coastal turbidity (Gregr, Lessard, and Harper, 2013). Based on the above works,  

this research has selected these four well-defined static geophysical variables (depth, exposure, 

slope, and substrate) with the aim of potential modeling habitat for eelgrass along the WCVI. 

Datasets of these parameters are all freely available through open-source data catalogs or by 

contacting their developers directly, as was the case with the for a higher resolution bathymetric 

dataset and substrate layer.  

9.2.2 Eelgrass- Data  

Initially, a data request (DULA) for high-resolution bathymetric data was signed with the 

Canadian Hydrographic Services Office (CHS); however, the spatial extent of this data was 

limited in coverage, making it not applicable for this study. Next, a 100m bathymetric data set 

was acquired from the open-source BCMCA data site. This coarse resolution was, however, also 

not appropriate for this study, as it might fail to capture subtle changes in depth. Finally,  a  

higher resolution, 20m WCVI bathymetric dataset, was acquired from Dr. Edward Gregr at 

SciTech Consulting and used.  Dr. Gregr created this 20m resolution layer for his Ph.D. work on 

sea otters, kelp, and ecosystem services on the WCVI (Gregr, 2016). The generation of this layer 

used a compilation of CHS nautical charts with various bathymetric data sources, combined with 
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a 20m digital elevation model (DEM) (Figure 27).  This layer provided a range of allowable 

depths for eelgrass growth.  

 

Figure 27: Combined 20m bathymetric and digital elevation model raster layer produced by Ed 

Gregr of SciTech Consulting (Gregr, 2016). 

Max depth was derived from the results of the 2016-Hakai Report, which used a collection of 

mapped eelgrass beds to determine an average max depth for the Province (Figure 28). This 

report found that by analyzing coastwide eelgrass datasets, the average max depth was 3m in the 

Strait of Georgia (due to higher turbidity from the Fraser River run-off) and 5m everywhere else 

along the coast (Reshitnyk et al., 2016). 
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Figure 28: Geographic divide for maximum depth of eelgrass occurrence (Reshitnyk et al., 

2016). 

 

To determine coastal exposure, the Provincial ShoreZone shore units shapefile was accessed by 

contacting the data custodian (Sarah Cook) at Coastal and Oceans Resources Inc (CORI). This 

layer is a part of the British Columbia Physical Shore-Zone Mapping System, whereby the entire 

length of the coast was flown in the 1970s and again in the 1990s, to capture the physical and 

biological characteristics of the shoreline. The ShoreZone Inventory is a coastal benthic habitat 

mapping system based on real-time and recorded visual interpretation of aerial videos and 

photography. The subsequent database is an inventory of intertidal and nearshore habitat 

attributes that have been used extensively as a tool for science, education, resource management, 

and environmental hazard planning (Coastal and Oceans Resources Inc, 2020). This survey 

created 'shore units' as a system for categorizing the along-shore physical and biological 

characteristics. Shoreline units represent continuous geological units along the shore, and a 
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change in the dominant geological formation or dominant substrate signals the start of a new 

shore unit. CORI holds the Data for the province as the company's founders were initially 

involved in the surveys and had more recently also conducted similar coastline mapping in 

Alaska and Washington State. Today, the ShoreZone mapping system provides a spatial 

framework for coastal habitat assessments at local and regional scales. (CORI, 2020) Exposure is 

defined in the ShoreZone Users' Guide as a measure of wave action combined with the 

associated fetch length and shoreline experiences (Howes, Harper and Owens, 1996) (Table 6). 

Additionally, the ShoreZone database has been used in combination with various additional 

biological and physical attributes to predict probable biological communities and species and 

model shoreline habitat types within the coastal area (CORI, 2020).   

Table 6: ShoreZone wave exposure classifications as defined by Howes, Harper, and Owens, 

(1996). 

 

 

Within the ShoreZone dataset, the <Expo_final> attribute field held the corresponding exposure 

rating. Using this field allowed for the identification of shorelines with 'Very Protected,' 

'Protected' and 'Semi Protected' exposure ratings suitable for eelgrass beds as outlined in the 

Cook et al. (2018) report on Defining Biobands for the Alaska Peninsula as determined from the 

ShoreZone Biological Inventory ground survey data (Table 7). 
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Table 7: Defining Biobands for the Alaska Peninsula as determined from the ShoreZone 

Biological Inventory ground survey data (Cook et al., 2018). 

 

From the literature, it was suggested that slope is also a key determinant of eelgrass growth, thus 

this limiting factor was included in this study. With both the regional Puget Sound and global 

Baltic Sea Studies, indicating that steeper slopes were predominately associated with harder 

substrates (Duarte and Kallf, 1990; Narumalani et al., 1997 as cited in Schubert et al., 2015) as 

these areas are those, which in general experience higher wave action and increased sediment 

instability (Marba and Duarte, 1995; Bell et al., 1999; Fonseca et al., 2000 as cited in Schubert et 

al., 2015). The relevance in this, is that these conditions are known to be unfavorable to eelgrass 

establishment or sustainment, due to smothering from loose sediment or uprooting from 

excessive wave action (Schubert et al., 2015). The consensus among these studies, indicated that 

optimal slope conditions for eelgrass are those shorelines with a slope of less than 3° (Schubert 

et al., 2015). This layer was produced from the 20m bathy/DEM layer using the Slope Tool in 

ArcGIS 8.0. This tool calculates the gradient or steepness at each cell of a raster surface. The 

output was calculated in degrees with a range of 0-90°, with a lower slope value, indicating a 

flatter terrain and a higher slope value, indicating a steeper terrain (ArcGIS, 2018). 
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In the absence of a substrate layer, the above three geophysical variables, depth, slope, and wave 

exposure, have been shown to reliably predict eelgrass distributions (Bekkby et al., 2008). 

However, given that research has been demonstrated that eelgrass growth is constrained to soft 

substrates of sand, fine sediments, and mud (Thom et al., 2014; Schubert et al., 2015) and that a 

recently developed substrate layer (Bottom Patches) was available within MERG, this variable 

was included in this study. The data used for determining the substrate was a WCVI-wide bottom 

patches (BoPs) layer. The definition of a BoP is an area that is composed entirely of similar 

substrate type and depth characteristics (Gregr et al., 2013). This vector layer was acquired 

directly from the developer Edward Gregr of SciTech Consulting and used to identify optimal 

sand and benthic mud habitat (Table 4). The development of this layer used a newly standardized 

method for defining benthic substrate. First tested in the Gulf Islands of the Salish Sea, the 

method incorporates sonar, backscatter, lead line, grab samples, and herring and shellfish dive 

survey data, from various government sources to create areal coverage using Thiessen's polygons 

(Figure 30).  

 

Figure 29: A classification schematic of the workflow for generating a BoPs substrate layer 

(Gregr et al., 2013).  
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This technique classifies the substrate into three broad classes (hard, mixed, and soft) based on 

the dominant substrate present (Table 8). These are then subdivided further into narrower classes 

based on secondary substrates. Given the strong association between a species and their physical 

habitat characteristics, this tiered hierarchical system offers enough detail to allow researchers to 

make ecological predictions (Gregr et al., 2013; Houston, 2016).  

Table 8: Associated substrate composition for a given bottom (Gregr et al., 2013). 

 

 

A depiction of the BoPs layer for the WCVI shows that the region is predominantly composed of 

hard substrate off the outer coast of the island and a combination of mixed and soft substrates 

along the shorelines and in more internal waters where depths would be shallower (Figure  30).  
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Figure 30: Derived Bottom Patches layer off the West Coast of Vancouver Island. 

With research from the Salish Sea and Puget Sound indicating that eelgrass is limited to areas 

containing sand and mud substrates (Murphy, Ortezzi and Johnson, 2011; Wright, Boyer and 

Erikson, 2013), the BoPs classification scheme, define suitable eelgrass substrates as soft-3 

(<Null>,3a & 3b) for continuous potential habitat and mixed-2 (<Null>, 2a & 2b) for patchy 

potential habitat.  

9.2.3 Eelgrass- Modeling Methodology 

Using ArcGIS 8.0 Modelbuilder, an automated workflow was generated to create a vector-based 

habitat suitability model. Similar to the method used to derive the eelgrass polygons from the 

ShoreZone dataset  (Figure 1) in the Hakai report (Reshitnyk et al., 2016), this study replicated 

that workflow to generate exposure polygons, and then expanded on it to incorporate other 

geophysical variables (Figure 31).  
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Figure 31: Potential Habitat Suitability Modeling (PHSM) workflow for the creation of potential 

nearshore eelgrass habitat within Barkley, Clayoquot, and Nookta Sounds of the WCVI (Adopted 

from Reshitnyk et al., 2016).  

 

Using the tool Feature to Vertex, to select for all vertices along the ShoreZone shoreunit, 

transformed these polyline features into point features. Next, these point features were converted 

to polygons using the Create Thiessen Polygons Tool (Figure 32).  Using Thiessen polygons for 

the areal interpolation, results in the construction of polygons in which any point within them is 

closer to the polygon’s known point than any other known points, from those shoreunits adjacent 

to them. This method assumes that the shoreunits were accurately delineated to capture the true 

value of the features, as this will impact the outputted shape of the polygons, and ultimately the 

models. The newly created Thiessen polygons were then separated by exposure rating and only 

those with a rating of VP, P or SP were then selected for using the Select For Tool.  

 

 
Define 

Exposure 
 

Using the ShoreZone shoreunit select for the exposure classes of "VP, P or SP"  

Convert feature to vertices and create Thiessen's polygons 

 
Define 

Substrate  
 

Using the BoPs layer selet for those bottom patches with a BType  of 
3<Null>,3a, & 3b and 2<Null>, 2a & 2b 

 
Define 
Depth  

 
Using the Gregr 20m-bathymetric raster, convert it to a Integer raster. Extract 

those cells with a depth of Value <=0 OR Value>= -5 

Convert raster to polygon 

 
Define  
Slope 

 
Using the converted Integer raster, create a slope surface. Extract those cells 

with a slope value of <=3 
 Convert raster to polygon 

 Intersect  Intersect all geophysical variable to produce potential suitable habitat 
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Figure 32: ShoreZone shoreunit polyline converted to Thiessen polygons using exposure ratings 

to define each polygon. Inset is the original ShoreZone polyline. 

To convert the raster to vector polygons, the floating type-20m bathymetric dataset was 

converted into an integer raster using the Int Tool. According to the Esri support document on 

converting a floating type raster, this applies a multiplication of factor of 10 to each cell value in 

the raster to remove the decimal (Esri.com, 2019a). This recalculated raster was then clipped to 

the study area, using the Clip Tool, to reduce processing time. Depths of 0-5m were selected for 

using the Extract by Attributes Tool using the Where Clause Value <=0 OR Value>= -5. They 
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converted from a raster to a vector format using the Raster to Polygon Tool to generate depth 

polygons. The recalculated integer raster was also used to produce a slope raster from the Slope 

Tool. Using the Extract by Attributes Tool, only those cells with a slope of less than 3°  were 

selected from this surface using the Where Clause "VALUE" <=3. This raster was also converted 

into a vector layer using the Raster to Polygon Tool.  Again, the model selected for the preferred 

substrate ratings from the BoPs layer of BType (3<Null>,3a, & 3b and 2<Null>, 2a & 2b) using 

the Select For Tool. Finally, the Intersect Tool was used to join each of the four preferred factors. 

This generated a vector output that represented only those overlapping areas that consisted of 

each of the four determinate factors. The output was then dissolved to merge adjoining polygons 

with the same characteristics to be more representative of the true formation of eelgrass beds. 

Running the PHSM resulted in a collection of polygons with predominantly soft sand and mud 

substrates, occurring in relatively flat areas (<3°), of limited exposure (very protected, semi-

protected, or protected) from the low-water line at 0m (Chart datum) to a depth of 5m.  

Validation of the model was done using existing eelgrass distribution data from two separate 

datasets; (1) a coastwide dataset and (2) a site-level dataset. First, the ShoreZone eelgrass 

coverage from the Reshitnyk et al., (2016) report was used to predict coastwide coverage. With 

ShoreZone data, also containing a bioband field used to define intertidal vegetations such as 

eelgrass, this linear feature was converted to Thiessen's polygons to generate a potential area 

coverage. In the report, the authors tested the accuracy of their model using a simple calculation 

of counting the total number of polygons in each dataset (modeled and ShoreZone) and then 

counting the occurrence of overlapping polygons (defined as any intersection). As both polygon 

outputs in the report were interpolated, the author's felt that rather than compare total calculated 

areas, they would count the number of overlapping polygons. They did this as they thought it 

was a more accurate analysis and in doing so, they could reduce the assumption that both 

polygon datasets represented complete eelgrass coverage within the polygons (abundance), by 

instead focused only on analyzing presence or absence (Reshitnyk et al., 2016). Having followed 

their workflow to create the PHSM for this study, the same accuracy assessment method was 

applied here. Using a combination of overlay tools in ArcGIS, the modeled output layer was 

dissolved to combine adjacent polygons, which shared the same exposure rating. This reduced 

number of polygons was then recorded per DFO FMA.  
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Second, the results of this study were assessed against the recently acquired Parks Canada and 

Hakai drone  (Unmanned aerial vehicle) imagery dataset from their 2017 field season in Barkley 

Sound (Figure 33).  

 

Figure 33: Image of mapped eelgrass locations as determined by drone (UAV) imagery in the 

report on eelgrass extent in the Barkley Sound (Reshitnyk, 2017). 

This layer was acquired directly from the author at Hakai (Reshitnyk, 2017), through an informal 

(for educational purposes only) user-agreement with Parks Canada via email correspondence. 

The Parks Canada vector dataset contained a collection of delineated eelgrass beds interpreted 

from remotely sensed spectrometry reflectance data. As this process, it can distinguish eelgrass 

from other vegetation or background substrate, due to its unique reflectance signature emitted 

(Reshitnyk, 2017). The extent of eelgrass from UAV imagery in the Parks Canada report was 
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determined on a site by site basis for local areas within Barkley Sound. Again, the above 

accuracy assessment outlined in Reshitnyk et al.  (2016) was done. Whereby, the number of 

overlapping PHSM output and Parks Canada polygons were counted, and a percentage of 

overlap value calculated per DFO FMA.  

9.2.4 Eelgrass- Results 

The PHSM was run using the 20m Gregr bathymetric raster, to produce a single output for the 

entire coast. This output was then divided into three separate layers, by clipping it to the extents 

of the three DFO FMAs under study. The results from the 20m-bathymetric raster are displayed 

in Figure 34, showing a coastwide image and a  zoomed image of a single bed in Clayoquot 

Sound (DFO FMA 24). 

 

Figure 34: PHSM of eelgrass along the West Coast of Vancouver Island using the 20m-

bathymetric dataset. Inset depicts a zoomed view of a single bed. 
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Using the 20m Gregr bathymetry raster, the total extent of PHSM eelgrass habitat for the three 

DFO FMAs (23, 24, 25) was calculated at 102.14 km
2
, while the total extent of potential eelgrass 

polygons based on ShoreZone presence data limited to 5m was calculated at 201.05 km
2 

(Figure 

9).  

Table 9: Results of the potential eelgrass model showing theoretical areal calculations within 

three DFO Management Areas using the 20m bathymetric raster. 

DFO Fisheries  
Management Areas 

PHSM Eelgrass 
Habitat  Area (km2) 

PHSM ShoreZone Eelgrass 
Habitat Area (km2) 

Percent of 
Overlap (%) 

Barkley Sound 23 21.29 km2 52.97 km2 40.2% 

Clayoquot Sound 24 49.25 km2 89.14 km2 55.3% 

Nookta Sound 25 31.60 km2 58.94 km2 53.6% 

 

Given that the model derived polygon dataset was hypothetical, areal interpretation may be 

considerably inaccurate of the true extent of eelgrass within the DFO FMAs. Therefore, by 

following the method applied in the Reshitnyk et al. (2016) 'Analysis on the extent of eelgrass in 

BC,' a simple calculation of the total number of polygons in each hypothetical dataset was 

counted. Then the occurrence of overlapping polygons (defined as any intersection) was also 

calculated. According to the author, this is a more accurate analysis of the modeled outputs, as it 

reduced the assumption that both polygon datasets represented complete eelgrass coverage 

(Table 10).  
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Table 10: Results depicting the number of modeled potential eelgrass polygons, modeled 

ShoreZone eelgrass polygons, and the percent of overlap between the two within three DFO 

Management Areas when using the 20m bathymetry raster. 

DFO 

Management 

Areas 

Number of 

PHSM 

Habitat 

Polygons 

Number of 

ShoreZone Potential 

Habitat Polygons 

Number of 

Overlapping PHSM 

and ShoreZone 

Polygons 

Percent  

of 

overlap 

(%) 

Barkley  

Sound 23 

16, 155
 

45,366 31,183 68.7% 

Clayoquot 

Sound 24 

19,308 75,109 57,739 76.9% 

Nookta 

Sound 25 

14,812
 

59,124 38,072 64.4% 

From these results, the PHSM was able to capture some areas of spatial overlap with the 

ShoreZone generated polygons. This overlap equalled  68.7% in Barkley, 76.9 % in Clayoquot, 

and 64.4 % in Nookta Sound.  

Validation of the model was also done using the recent Parks Canada and Hakai drone imagery 

datasets from their 2017/2018 field seasons (Figure 35). The extent of eelgrass from UAV 

imagery in the Parks Canada report was determined on a site by site basis (Table 11). Given that 

this was actual extent data, it was intersected with the PHSM eelgrass data to determine the 

extent of overlap. At this scale, using the 2017 Barkley Sound, the PHSM generated a range of 

overlapping extents from 39.5 % for the Turret Bay bed up to 100% for the Clarke bed (Table 

11). With an average mapped bed size of  13211 m
2
, 

 
on average, the PHSM predicted 70% of 

the actual eelgrass present at the sites in Barkley Sound.  
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Figure 35: A comparison of modeled potential eelgrass habitat to Parks Canada's 2017-UAV 

mapped eelgrass within the Broken Group of Barkley Sound. Inset is zoomed to show a single 

bay. 
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Table 11: Mapped eelgrass extent (2017) as determined by UAV imagery for eelgrass extent in 

the Barkley Sound (Adapted from Reshitnyk, 2017), compared to the extent of PHSM eelgrass 

and a percent of overlap for the two datasets. 

Site Mapped eelgrass 

extent (m
2
) 

PHSM and Mapped 

Overlap extent (m
2
) 

Percent 

Overlap (%) 

Jacques-Jarvis 38,818 26,329 67.8 

Turret 32,122 12,685 39.5 

Mayne 31,139 20,973 67.4 

Nettle 9,532 5,659 59.3 

Hand 4,442 3,410 76.7 

Joe Bay 1,479 1,477 99.9 

Clarke 1,132 1,132 100 

Effingham 231 115 49.8 

Pinkerton 0 0 N/A 

Wouwer Very Sparse, not 

delineated 

Very Sparse, not 

delineated 

N/A 

 

Repeating this site-level comparison of PHSM extent to the Parks Canada 2018 data in 

Clayoquot Sound, it can be seen that the PHSM generated a range of overlapping extents from 

38.5 % for the Felice Bay bed up to 91.9% for the Robert Point bed (Table 12). With an average 

mapped bed size of  131,222 m
2
, on average, the PHSM predicted 71% of the actual eelgrass 

present at the sites in Clayoquot Sound.  
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Table 12: Mapped eelgrass extent (2018) as determined by UAV imagery for eelgrass extent in 

the Clayoquot Sound(Adapted from Reshitnyk, 2018), compared to the extent of PHSM eelgrass 

and a percent of overlap for the two datasets. 

Site Mapped eelgrass 

extent (m
2
) 

PHSM and Mapped 

Overlap extent (m
2
) 

Percent Overlap 

(%) 

Mud Bay 407,305 312,301 76.7 

Sharp 296, 799 184,573 62.3 

Felice 260, 811 239,692 91.9 

Calmus 49,089 36,280 73.9 

Robert Point 45,281 17,440 38.5 

Beck 40, 112 32,695 81.5 

Auseth 35, 598 20,787 58.4 

Elbow 32, 199 24,613 76.4 

Arkan 13,804 10,798 78.2 

 

Looking to explore possible regional disparities between each of the three study DFO-FMAs, 

comparisons of the amount of PHSM eelgrass habitat predicted as a proportion of the total 

available nearshore habitat (chart datum to 20m depth) within each of the DFO-FMAs was 

calculated (Table 13). To calculate the total available nearshore area within each area, the 20m-

bathymetry raster was used to produce this region. Using this layer, the depths between chart 

datum (0m) and -20m were extracted, converted to a polygon layer, and then clipped to each of 

the DFO-FMA boundaries. The total available nearshore habitat was then calculated. Between 

the three DFO-FMAs, the PHSM predicted eelgrass habitat within Barkley Sound at 21.29 km
2
 

or 15.24%, Clayoquot Sound at 49.25km
2
 or 17.03%, and Nookta Sound at 31.26 km

2
 or 23.8%.
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Table 13: Results of the potential eelgrass model showing theoretical estimated percent coverage 

within three DFO Management Areas (20m bathymetry raster).
 

DFO 

Management 

Areas 

PHSM Habitat 

Area 

(Km
2
) 

Total Available 

max 20m depth 

Area 

Percent of PHSM Habitat 

Vs. Total  Available 

Habitat 

Barkley Sound 

23 

21.29 km
2 

139.76  km
2
 15.24% 

Clayoquot 

Sound 24 

49.25 km
2 

289.18  km
2
 17.03% 

Nookta Sound 

25 

31.26 km
2 

131.37 km
2 

23.80% 

 

9.2.5 Eelgrass- Discussion 

In trying to replicate natural processes, one can never truly account for all variables as limitations 

to the availability of spatial data, the capacity of the modeler, and the assumptions made by the 

algorithms will always persist. Despite this, efforts should be taken to capture key environmental 

variables accurately. Given the often-prohibitive costs of collecting marine data, the use of 

PHSMs has increased rapidly, to allow for the analysis, simulation, and forecasting of ecological 

systems. With the ecological importance of eelgrass for nearshore systems, recently having come 

to light, this has seen several other research studies looking to monitor and model its occurrence. 

From these collective works, it is suggested that numerous other factors, then those studied here, 

also play a role in eelgrass distribution. From these studies, it is recommended that the additional 

oceanographic features of salinity, temperature, and sedimentation, and anthropogenic features 

of shading, shoreline erosion, chemical contaminants, and eutrophication be used (Mumford, 

2007). With real-time or in situ monitoring data unavailable at the regional level on the WCVI, 

this study looked to capture a simplified representation of the nearshore environment. Thus, it 

does not account for the occurrence of unique conditions at a local or site-specific scale. With the 

literature indicating that parts of the WCVI have historically undergone extensive clear-cutting, 

it is expected that erosion and sedimentation loads have increased in some rivers, inevitably 

ending up in the estuaries and nearshore waters of the region. This localized increased 

sedimentation load can reduce eelgrass growth, either directly from smothering, or indirectly 
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from reduced light penetration (Mumford, 2007). With both Nookta and Barkley Sound having 

experienced extensive logging, while Clayoquot has remained mostly intact, further studies 

should look to monitor sedimentation and its effects on eelgrass growth in terminal river 

estuaries between these three systems. 

Using the ShoreZone, shore unit polyline to derive polygon areas, produced a theoretical area, 

from interpolation. From the results it appeared that the models were generating many small 

adjoining polygons for what would actually represent one larger bed in nature. This is the result 

of the interpolation method used, whereby the creation of Thiessen's polygons generates the most 

probable area configuration based on sampling the surrounding cell values (Reshitnyk et al., 

2016). However, efforts to replicate natural distributions are invariably not perfect (Reshitnyk et 

al., 2016), as the triangular shape generated from the creation of the polygons was seen to be not 

reflective of natural eelgrass formations or growing patterns. As such, this drawback will have an 

impact on the final shape of the modeled output and any accuracy calculations done. 

Validation using the Parks Canada dataset revealed that the overall extent of PHSM habitat was 

much greater than the mapped habitat by Parks Canada. However, as expected, the Parks study 

was designed as a site-level study looking at known beds. Therefore, it was not meant to be 

representative of complete eelgrass coverage in the area. If provincial eelgrass losses are 

comparable to annual global rates of 1.5-5%, then the low accuracy of the model may reflect 

previous losses to beds, before them being documented (Duarte, 2007 as cited in Jeffrey, 2008; 

Reynolds, Duffy and Knowlton, 2018). Additionally, given the age of ShoreZone data used to 

validate the model coastwide, having captured in the 1970s and 1990s, may not represent current 

conditions.  With beds threatened by erosion and infilling, this may have altered the substrate 

and depth conditions of the region. From the Parks/Haikai data, it was noted that, on average, the 

beds in Clayoquot were ten times the size of those mapped in Barkley. The PHSM was able to 

capture 70 and 71% of the mapped beds from the 2017/2018 studies. From these results,  it is 

apparent that the model was not capturing some eelgrass beds. In the case of high capture rates 

(overlap), these beds appeared to be predominately subtidal (Figure 36a). In contrast, those of 

low capture rates seemed to indicate intertidal beds in the 2017 dataset (Figure 36b).   
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Figure 36 (a-b): Depiction of ‘low’ spatial overlap of potential habitat modeling of eelgrass and 

Parks Canada 2017 eelgrass data within Barkley Sound.b. Depiction of 'high' spatial overlap of 

potential habitat modeling of eelgrass with Parks Canada 2017 eelgrass data within Barkley 

Sound.    
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However, for the 2018 data, both high and low capture rates were noted for subtidal beds. 

Looking at the Parks data, it appeared that some beds occurred in waters deeper than the 5m 

maximum set for the model (Figure 37a-b). This could represent beds at depths of greater than 

5m or inaccuracy in the bathymetric or BoPs datasets.  

 

Figure 37: Depiction of 'low' spatial overlap of potential habitat modeling of eelgrass with Parks 

Canada 2018 eelgrass data within Clayoquot Sound.b. Depiction of 'high' spatial overlap of 

potential habitat modeling of eelgrass with Parks Canada 2018 eelgrass. 

 

Accuracy could be increased by capturing these intertidal beds through the addition of a 

standardized intertidal elevation above chart datum, such as the one for eelgrass in Puget Sound 

which has been shown to grow up to 1.8m above chart datum (Mumford et al., 2007) and by 

including suitable ShoreZone material codes to generate intertidal substrate polygons similar to 

the exposure ones. As the 20m raster is a combined DEM and bathymetry raster, future iterations 

of the model could look to include an intertidal height using the positive elevation values 
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available.  Alterations to the model would simply require a new expression for selecting a 

preferred depth range. This would be input into the existing model parameter using the 

expression: Like [-5>= X=<2]. To allow for beds above chart datum (0m) to be captured. To 

account for those beds deeper than 5m, the above expression could be modified to replace -5, 

with a greater variable, set either arbitrarily from an absolute max depth for eelgrass at these 

latitudes, however, or determined from in situ monitoring. If set arbitrarily, it is suggested, that 

the additional parameter of turbidity also be applied, to assess the level of light penetration at 

these greater depths (Mumford, 2007).  

With eelgrass beds in the Pacific NorthWest having been shown to undergo substantial 

interannual variability, due to climatic events such as El Niño, this variability highlights the 

importance of multi-year surveys to adequately characterize seagrass abundance and distribution 

within an area (Nelson 2018). Reportedly, annual changes to eelgrass beds can be as much as 5 

meters of expansion or 4 meters of contraction (Washington Dept of Natural Resources 2012; as 

cited in Nelson, 2018). To account for these fluctuations, both vegetated and unvegetated areas 

of a site should be recorded during future studies (Nelson, 2009). For the WCVI, it would be 

beneficial if partnerships such as Parks Canada and the Hakai Institute can continue to map 

eelgrass extent and track changes throughout the region. 

Looking at the amount of PHSM eelgrass habitat predicted within each of the three DFO-FMAs, 

it appeared that there was some variability between the three areas. Clayoquot Sound had the 

largest predicted area of habitat, yet Nookta Sound had the largest proportion of the available 

nearshore predicted as suitable habitat for eelgrass. Clayoquot Sound is the largest of the three 

areas, having double the available nearshore as the other two areas. Therefore, it is not 

unexpected that Clayoquot had the largest predicted area. What is interesting is that Nookta 

Sound had the largest percent of nearshore predicted to be suitable for eelgrass, given that it had 

the smallest amount of available nearshore habitat between the three areas. Looking at the 

geographical layout of Nookta Sound, it can be seen that of the three, it is the area with the most 

internal waterways and channels, as opposed to the other two, which have more exposed open 

water areas. This could suggest that the narrower channels of Nookta Sound are shallower than 

the outer coast edges or the significant open areas of water within the other two regions. Given 

the importance of eelgrass habitat as a nursery for juvenile chinook and many other species, 

these findings warrant further study to explore the natural carrying capacity of the regions. With 

five critical chinook systems and two major hatcheries in Nookta Sound, these findings bode 
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well for the region’s potential ability to support early marine survival. Of the three DFO-FMAs, 

Nookta is the least populated and developed along the nearshore. It has, however, experienced 

logging throughout much of the region. Hence, while the PSHM predicted that it had the largest 

proportion of eelgrass habitat within the nearshore, the state of this habitat needs to be assessed.  

Alternatively, with Clayoquot Sound having the most considerable amount of predicted 

PHSM eelgrass habitat, this may suggest that this region has a higher natural capacity to 

support early marine survival of chinook. Looking at the Parks Canada data, it was noted that, 

on average, the area of eelgrass beds was ten times the size of those in Barkley Sound. This 

may be attributed to either the region having larger estuaries or that it was spared from the 

extensive-scale logging seen in the other two regions. Clayoquot Sound is, however, the most 

developed and populated, which has been shown to negatively impact eelgrass beds. 

Therefore, further studies are needed to assess the actual coverage of eelgrass and its present 

state.  

9.3 Potential Habitat Suitability Modeling- Kelp 

9.3.1 Kelp- Introduction & Background 

Along temperate coastlines around the world, kelp is the dominant species in the intertidal and 

subtidal zones over solid substrates (Mumford, 2007). 'Kelp' is the generic name for a large 

group of seaweeds in the Laminariales order but is commonly used to refer to the canopy-

forming brown algae, Macrocystis integrifolia (bull kelp) and Nereocystis luetkeana (giant kelp). 

This research has focused solely on these two species and will simply use the term 'kelp' to 

jointly refer to both species moving forward. Anchored to the substrate by a root-like holdfast, 

these species of kelp are composed of a long stipitate or stalk, which terminates with 30-40 

floating blades attached to a gas-filled bulb (Mumford, 2007). Because of their vertical 

arrangement in the water column, these species effectively change the marine environment by 

creating marine 'forest-like' ecosystems, via their physical structures (Braeckman, 2014).  Kelp 

forests are important coastal features, known to produce several ecological benefits, including 

generating habitat, buffering waves, and increasing biodiversity in the area around them 

(Braeckman, 2014). Similar to eelgrass beds, kelp forests act as nurseries, offering refuge and 

foraging grounds for a multitude of juvenile fish species (Braeckman, 2014). This includes 
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juvenile salmon that have been shown to inhabit kelp beds during their migration from nearshore 

waters to those offshore along the continental shelf (Trudel et al., 2009).   

Kelp are hardier than eelgrass and able to tolerate higher energy environments, which allows 

them to exist both in nearshore semi-protected waters and along the outer coast where large 

waves and wind can dominate. Being so robust, kelp extent is likely limited only by the 

availability of suitable substrate (Druehl 1978; Mumford, 2007; Springer et al. 2007; Gregr 2016, 

2018). However, with giant kelp being less tolerant of wave action, and if the two species 

coexist, bull kelp will occur further out, acting as a buffer for the more landward growing giant 

kelp (Sloan, 2006).  As an annual, kelp begins its growing season in the spring, reaching a 

maximum height in the fall, then dying-off and becoming uprooted in the winter by seasonal 

storms. During the growing season, however, kelp thrives, averaging 10-12 inches a day 

(Druehl,1978). Yet under optimal conditions, giant kelp is capable of two feet a day (Druehl, 

1978). This sees some kelp reach upwards of 100-150 feet in a season (Mumford, 2007). Being 

photosynthetic, they cannot grow at extreme depths as their fronds cannot capture sufficient solar 

radiation at depths. Therefore, among researchers in the northwest, the consensus is that 20m is 

the average maximum depth, as in these latitudes, light quantity is limited below 30m 

(Druehl,1978; Springer et al. 2007; Gregr 2016, 2018). Besides substrate and sunlight, additional 

factors such as temperature, water motion, salinity, sedimentation, and nutrient levels also play a 

role in the growth of kelp along the coast (Druehl 1978; Sloan, 2006; Springer et al. 2007; Gregr 

2016, 2018). Historically, annual conditions have consistently been favorable for kelp growth; 

however, as climate induced-changes increase, regional processes such as precipitation, currents, 

upwellings, and freshwater inputs have become more unpredictable. This has led to fluctuations 

in temperatures and salinities in coastal waters, reportedly causing stress to kelps in some areas 

of the Pacific Northwest (Mumford 2007; Morgan and Siemann 2010). 

 Given its ecological importance, there are concerns over the potential decline of kelp beds along 

the coast (Springer et al., 2007; SSMSP, 2018). With impacts from coastal developments altering 

nearshore waters, this has led to the decline in or physical removal of kelp beds in some areas 

(Mumford 2007; Morgan and Siemann 2010, SSMSP, 2018). To understand the location and 

source of these losses, work has been done to map both current and past extents of kelp. 

Historically, kelp was considered a navigational hazard, and as such, the locations of beds were 

documented on nautical charts and field sheets (Figure 38. With these charts having coastwide 
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coverage, they were able to provide a historical extent of kelp from 1850 to 1950 (Figure 39). 

More recently, boat-based surveying, or imagery analysis, such as ortho-images or satellite 

images, have been used to detect kelp beds at the surface (Costa, 2018). 

 

Figure 38: An example of a British chart from the 1850s showing the drawing of kelp blades to 

indicate kelp beds (Costa, 2018).  
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Figure 39: A digital reproduction showing the presence of bull kelp and giant kelp forests 

derived from historic British charts from the 1850s to 1950s (Costa, 2018). 

 

9.3.2 Kelp- Data  

To date, mapping the extent of kelp along the coast has primarily occurred at small scales by 

local conservation groups.  This includes work done by The Islands Trust (2012-2014).  

However, the presence of kelp was also indicated in the ShoreZone biological inventory for most 

areas of the coast (Howes, Harper and Owens, 1996). This dataset provides presence data for 

kelp but lacks true coverage data. Subject to striking interannual variations in growth and aerial 

coverage (Dayton et al. 1999; Druehl 2000; as cited in Sloan, 2006), understanding changes in 

kelp occurrence is of value to researchers looking to assess habitat changes, biodiversity loss, 

and more directly individual species decline. Until recently, the ShoreZone inventory was still 

the best indication of kelp distribution along the coast.  Kelp related habitat was associated with 

three ShoreZone biobands (Giant Kelp, Bull Kelp, and Urchin Barrens). Urchin Barrens were 

included due to the predatory nature of urchins for kelp, which would suggest previous kelp 

occurrence in recorded barrens (Sloan, 2006). In regards to decreased early marine survival 
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among juvenile salmon,  the issue of habitat loss may be a key factor (Rice, 2019). If kelp beds 

are declining in either localized areas or more regionally, this could present as effects on single 

stocks, entire CUs, or coastwide. With the WCVI's chinook stocks being particularly imperiled, 

generating potential habitat models for kelp may offer researchers a chance to document changes 

to beds, by noting if areas of optimal growing conditions are absent of kelp or are declining. 

With kelp beds changing annually in shape, size, and location, tracking changes can be 

challenging to document; however, by knowing where it may potentially occur and where 

optimal conditions are, researchers can monitor changes in these environments. While sites in 

Washington State reportedly see annual changes of 20%  (Sloan, 2006), core areas generally 

persist (Mumford, 2007). Therefore, if changes occur within core areas (optimal growth areas), 

monitoring efforts should look to identify the forces behind it, allowing researchers to track 

changes in both the physical and biological elements occurring here.  

From a review of previous studies, it is understood that numerous growth-limiting factors play a 

role in kelp occurrence. However, given the lack of in situ monitoring data, the geophysical 

variables of substrate, depth, and exposure, known to be static, were used to define potentially 

suitable habitat.  As with the eelgrass model, the Gregr BoPs layer (Table 1) was used. However, 

this time, hard substrates were (BType-1), meaning those composed of bedrock and large 

boulders were selected. Additionally, research by Sloan (2006) indicated that kelp is capable of 

less optimal substrates such as those comprising a mix of soft sediments interspersed among 

boulders and cobble (Type-2). However, this is not as optimal as kelp are susceptible to 

uprooting or scouring in areas if intense water movement is also present (Sloan, 2006; Mumford, 

2007).  Therefore, based on their research, preferred BTypes for kelp included BType 1 <Null>, 

a, & b and BType 2 <Null> & a (Figure 40).  
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Figure 40: Coastwide depiction of Bottom Patches that are suitable for kelp growth on the 

WCVI. 

Based on the literature, depth was used as a proxy for solar radiation, and 20m was chosen as the 

maximum depth deriving from the 20m Gregr bathymetric raster (Druehl 1978; Springer et al. 

2007; Gregr 2016, 2018). The BCMCA 100m bathymetric layer was not assessed in this model 

as the coarse resolution may underestimate small changes in depth across the seafloor, which 

would affect the accuracy of the model. As a result of communications with the developer of the 

BoPs layer, Ed Gregr, at SciTech Consulting, a higher resolution raster was acquired (20m). This 

layer uses a compilation of high-resolution bathymetric data from the Canadian Hydrographic 

Services, as well as depth contours from their electronic nautical charts (ENCs) to derive bottom 

substrate.  

Additionally, because of kelp's affinity for areas of high-water motion, exposure was used as a 

proxy for wave generated action (Gregr, 2016, 2018; Cook 2017) and was derived from the 

ShoreZone exposure rating attribute "Expo_final" (Howes, Harper, and Owens, 1996).  Sloan 
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(2006) defined optimal exposure conditions for kelp, according to the ShoreZone classification 

systems (Table 14). As such, exposure ratings of P, SP, SE & E were selected for in the model.  

Table 14: Optimal wave exposure conditions for ShoreZone Bioband species (Sloan, 2006). 

 

With kelp susceptible to scouring in areas of high exposure and unstable substrate (Sloan, 2006; 

Mumford, 2007), this study accounted for this by adjusting the preferred bottom type (BoPs) 

selection to remove areas of sub-optimal growing conditions. These consisted of "Semi-

Exposed" or "Exposed" exposure ratings in areas where they intersected with undefined mixed 

substrates corresponding to "BType 2 <Null>" (Houston, 2016).  

9.3.3 Kelp- Modeling Methodology 

The methodology for building the model followed that of the one used in the Reshitnyk et al. 

(2016) report for eelgrass, whereby ShoreZone data was used to create Thiessen's polygons for 

exposure and then intersected other geophysical variables to identify areas that exhibited all of 

the preferred conditions (Figure 41). However, based on the modeling work done by Sloan 

(2006) and Houston (2016), which reported that the co-occurrence of high wave energy and 

unstable substrate, lead to suboptimal growing conditions, these dynamic commonalities were 

identified by the PHSM and removed from the final output. 
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Figure 41: Potential Habitat Suitability Modeling (PHSM) workflow for kelp habitat on the 

WCVI (Adapted from Sloan, 2006 and Houston, 2016). 

Validation of the model was done by comparing it to kelp data found within the open-source, 

Provincial Coastal Resource Inventory System (CRIMS) kelp layer from DATA BC.  This layer 

is a collection of data layers related to relative abundance, species, biomass, and density of the 

beds along the coast (Figure 42). This information has been collected at various times and under 

different methods. As such, it should be understood that this represents a collection of single-

season snapshots of kelp captured at the time of monitoring. As one of the more comprehensive 

coverage datasets, the coastwide CRIMS dataset allowed for the PHSM to be validated using a 

single dataset for all of the WCVI, rather than having to gather a collection of datasets to account 

for the study area. The process of validation was to overlay the CRIMS layer with the PHSM 

date and compare the percentage of overlap (intersection) similar to the method applied for the 

eelgrass modeling.  
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Figure 42: Spatial extent of the Provincial Coastal Resource Inventory System (CRIMS) kelp 

compilation layer from DATA BC. 

 

9.3.4 Kelp- Results 

The PHSM output for kelp habitat showed that each of the DFO FMAs had extensive coverage 

in the inner waterways (Figure 43), with a total calculated potential extent of 198.15 km
2 

for the 

overall study area. Breaking this down to individual DFO FMAs, showed that Barkley had 57.29 

km
2
, Clayoquot had 78.15 km

2
, and Nookta had 62.71 km

2
  of potential extent.    
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Figure 43: The modeled output of potential kelp habitat along the WCVI. Inset shows zoomed 

kelp distribution. Inset shows a zoomed view of the location of kelp beds within Nookta Sound. 

 

Validation of the model was done by comparing it to kelp data found within the open-source 

Provincial Coastal Resource Inventory System (CRIMS)  kelp layer from DataBC. Figure 44 

depicts the visual results of this comparison.  
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Figure 44: The modeled output of potential kelp habitat versus mapped CRIMS kelp habitat 

along the West Coast of Vancouver Island for the three DFO FMAs. Large scale inset shows a 

zoomed view of potential kelp habitat versus mapped CRIMS kelp habitat. 

 

With the total extent of the PHSM kelp habitat for the region calculated at  198.15 km
2
, the full 

extent of mapped actual kelp data (CRIMS) was calculated at 73.64 km
2 

(Table 15). Comparison 

with the CRIMS dataset showed an overlap of 7.16% in Barkley, and 9.96% in Clayoquot and 

0.36% in Nookta (Table 15).  
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 Table 15: Results of the potential kelp model showing theoretical areal calculations within three 

DFO Management Areas.(20m bathymetric raster). 

DFO 

Management 

Areas 

PHSM Kelp 

Habitat 

Area (Km
2
) 

CRIMS 

Kelp 

Habitat 

Area (km
2
) 

Overlap of CRIMS 

and PHSM Kelp 

Habitat Area (km
2
) 

Percent of 

Overlap of 

PHSM and 

CRIMS (%) 

Barkley 

Sound 23 

57.29 km
2 

10.90 km
2
 0.78 km

2
 7.16% 

Clayoquot 

Sound 24 

78.15 km
2 

15.06 km
2
 1.50 km

2
 9.96% 

Nookta 

Sound 25 

62.71 km
2 

47.68 km
2
 0.17 km

2
 0.36% 

It was noted that a large portion of the CRIMs kelp beds occurred offshore in areas with BType' 

2null' and Exposure levels "SE, E, VE," (Figure  44). Therefore, by adjusting the model and not 

removing the polygon areas with these co-occurring features, as suggested by Sloan (2006), the 

outputs of the two model iterations could be compared. Upon visual comparison, the adjusted 

PHSM appeared to show better spatial coverage and overlap with the CRIMS beds located on the 

outer coast (Figure 45a-b).  
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Figure 45: Depicts a comparison of the PHSM kelp habitat to the mapped CRIMS kelp habitat in 

Nookta Sound. a. when the Sloan (2006) recommendations are applied, to restrict high wave 

energies and loose substrate co-occurrences. B. Depicts a comparison of the PHSM Kelp habitat 

to the mapped CRIMS kelp habitat in Nookta Sound, when the Sloan (2006) recommendations 

are not applied. 

 

From these findings, the overlap extent of the PHSM kelp habitat with that of the CRIMS dataset 

was recalculated. These model refinements adjusted the PHSM area values of Barkley to 80.25 

km
2
, Clayoquot to  124.18 km

2
, and Nookta to 110.94 km

2
 (Table 16). Recalculating the extent 

of overlap between the potential and CRIMS layers for the entire study area saw the Value 

increase to 43.47%. Breaking this down to DFO FMA, the overlap was 26.24% in Barkley, 

13.15% in Clayoquot, and 56.98% in Nookta Sound (Table 16).  

  



154 

Table 16: Adjusted results of the potential kelp model showing theoretical area calculations 

within three DFO Management Areas when Sloan's (2006) restrictions for wave and substrate 

were not applied. 

DFO 

Management 

Areas 

Adjusted Modeled 

Potential Habitat 

Area (km
2)

 

CRIMS 

Habitat 

Area (km
2)

 

Overlap of CRIMS 

and PHSM Kelp 

Habitat Area (km
2
) 

% of Modelled 

Overlap with 

CRIMS 

Barkley 

Sound 23 

80.25 km
2 

10.90 km
2
 2.89 km

2
 26.51% 

Clayoquot 

Sound 24 

124.18 km
2 

15.06 km
2
 6.76 km

2
 44.89% 

Nookta 

Sound 25 

110.94 km
2 

47.68 km
2
 21.13 km

2
 56.98% 

 

Alternately, the recalculated data was also analyzed to look at the total modeled potential kelp 

habitat within each DFO FMA (Table 17), as a percentage of the total potential habitat available 

photic zone habitat (being the area with a max depth of 20m). The model estimated percent 

coverage of potential kelp habitat by area at 17.84% of Barkley, 24.82% of Clayoquot, and 

18.65% of Nookta.  

Table 17: Results of the potential kelp model showing theoretical estimated percent coverage 

within three DFO Management Areas (20m bathymetry raster). 

DFO 

Management 

Areas 

PHSM Habitat 

Area 

(Km
2
) 

Total Available 

max 20m depth 

Area 

Percent of PHSM Habitat 

Vs. Total  Available 

Habitat 

Barkley Sound 

23 

80.25 km
2 

139.76  km
2
 17.84% 

Clayoquot 

Sound 24 

124.18 km
2 

289.18  km
2
 42.94% 

Nookta Sound 

25 

110.94 km
2 

131.37 km
2 

57.42% 

9.3.5  
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9.3.6 Kelp- Discussion 

As an annual species, monitoring and predicting the distribution of kelp with PHSMs is 

challenging, as an area can undergo substantial interannual changes in distribution. Mainly these 

changes are seen as either bed expansions or contractions, rather than total losses, as research has 

shown that core areas of kelp regrow year after year (Druehl, 1978). This irregularity will 

invariably impact the accuracy of models built using only one season growing distribution data 

to validate it. Initially, the results of the overlap of PHSM data and CRIMS data were low for 

each of the DFO FMAs, suggesting a modeling accuracy that was quite low. Even given that the 

CRIMS dataset was a collection of datasets captured during various periods to offer the only 

coastwide dataset freely available,  it is still only a single snapshot of growth at each location. 

Additionally, the timing and conditions during monitoring would impact the recorded extent as 

kelp presence may not be detected if it was subsurface or undetectable by wave action. 

Therefore, it is expected that the potential habitat would be larger than the actual habitat, given 

the layer was a collection of monitoring events using different methodologies, all with their 

potential inaccuracies. It was also noted that while all spatial layers were in 

NAD_1983_BC_Environment_Albers, the locational accuracy of the CRIMS kelp layer 

appeared to be positionally off, as some polygon features projected over land, clearly covering 

non-shoreline areas and whole islands. Given that this layer is a collection of datasets, its level of 

accuracy may make it unsuitable for a study such as this. 

Adjusting to the model changed the extent of overlap between the modeled and CRIMS layers to 

26.51% in Barkley, 44.89% in Clayoquot, and 56.98% in Nookta Sound. Figures 12 (a-b) show 

the visual difference in the adjusted and unadjusted outputs for Nookta Sound as this was the 

DFO FMA with the highest occurrence of CRIMS data occurring in areas of high energy 

(BType-2<Null> + SE or E). Given that Sloan's recommendations were developed for the more 

northern offshore islands of Gwaii Haanas National Park, this condition may not apply to the 

WCVI. With Gwaii Hannas known to endure large seasonal storms, the storm and wave 

conditions may vary between the regions. Also, the actual composition of the substrate classified 

as BType- 2<Null> may differ between areas, therefore, making it more capable of supporting 

and sustaining kelp off the WCVI. Furthermore, between the two regions, the species 

composition of the beds may be different. As the kelp beds found off the WCVI, may be 

dominated more by Bull Kelp, a species known to be more robust and tolerant to wave action, 
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than Giant Kelp. This variation could account for the occurrence of beds within these highly 

dynamic environments. 

Determining why the model performed better in one area than others, may be the result of a 

couple of factors. These include variability in the actual occurrence of suitable habitat between 

the regions. Additionally, the variability in the sampling of the regions and the methods used to 

detect kelp, would also impact the amount of, and accuracy of the data presented in the CRIMS 

dataset, overall impacting the performance of the model. Without field validation there is no way 

to determine exactly which of these factors was more prevalent, but it can be assumed that both 

played a role.  

To calculate the percent of PHSM habitat versus total available photic zone habitat within each 

DFO FMA, the depth polygon layer used to define the 20m depth limit was intersected with each 

of the DFO FMAs, to determine if there were ecological differences between the areas (Table 

16). From the table, it was noted that there were variations between the three DFO FMAs. 

Clayoquot, again had the largest PHSM predicted area of kelp at 124.18 km
2
, while Nookta had 

110.94 km
2
, and Barkley had 80.27 km

2
. With Barkley indicating 57.42% potential coverage, 

Clayoquot 42.94%, and Nookta 84.45%. These variances may indicate the presence of real-world 

differences in the area's actual available 'photic zone' habitat in which kelp may grow. 

It should be noted that these findings are conditional on the accuracy bathymetric raster upon 

which they were developed. With the raster used in this study having a 20m resolution and a 

range of confidence values between 0.5-1 for each cell,  the accuracy of this layer is only as 

good as the sources used to develop it. Thereby improving the resolution of available 

bathymetric data on the WCVI could enhance the accuracy of predictive models overall. 

Further work should look to incorporate additional geophysical factors known to limit kelp 

growth, such as temperature and salinity. Some work on this has already been done by Gregr 

(2016), where the author looked to model site-level kelp distribution in Nookta Sound and 

related it to sea otter recolonization of the area. Therefore, to address management needs 

moving forward, higher-accuracy models will be required. The development of these will, 

however, depend on increased monitoring of kelp to develop appropriate modeling indices. In 

doing so, these improved models could then be used to assess the occurrence of growth-

limiting conditions for this IS. From here, studies looking at the impact of kelp habitat loss 
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and its implications for the carrying capacity of each of the DFO-FMAs to support juvenile 

chinook salmon as they transition from estuaries and begin to migrate into deeper waters 

during the later stages of their nearshore residency.  

9.4 Potential Habitat Suitability Modelling- Pacific Sand 
Lance 

9.4.1  PSL- Introduction & Background 

The Pacific sand lance (Ammodytes personatus) is a small, elongated fish species known as a 

forage fish.  Forage fish are a collection of species that act as prey for larger species and are a 

key component in marine food webs (Thuringer, 2004). As grazers of zooplankton, Pacific sand 

lance (PSL) provide a vital energy transfer between secondary producers and upper trophic-level 

species among benthic and pelagic marine systems (Bizzarro, 2016). Found in nearshore waters 

(up to depths of 100 m), all across the Arctic and down to southern California (Johnson, 

Thedinga, and Monk, 2008), PSL have been identified as prey for numerous other species (Cook, 

2019), including many commercially important species. Research done in British Columbia 

showed a positive correlation between the growth rates of rhinoceros auklet (Cerorhinca 

monocerata) chicks and the abundance of PSL (Bertram and Kaiser, 1993).  

As obligate burrowers, PSL spends most of their lives hidden in the sediment, to avoid predation 

and overwinter (Haynes, Ronconi, And Burger, 2007). This survival tactic means their range is 

dependent on the presence of available suitable burying substrates. Numerous studies have 

documented PSL's affinity for coarse sand or substrates (composed at least partially of coarse 

sand). As it is understood that the grain size of this substrate is optimal for angulation burrowing 

and oxygen levels, as water can still easily flow through the interstitial spaces and pass through 

the gills of subterranean PSL (Thuringer 2004; Holland et al. 2005; Haynes et al. 2007; Johnson 

et al. 2008; Bizzaro 2016).  

Given their foundational position in marine food webs, PSL are an important species for coastal 

management and conservation (Thuringer, 2004; Cook 2019).  Research has shown that when 

species of Ammodytes stocks are depleted or commercially exploited, the associative forage 

biomass loss can result in ecosystem-level effects (Johnson et al., 2008). Conversely, ecosystems 

with healthy stocks of Ammodytes have been shown to have enhanced trophic productivity, and 

local groundfish fisheries. (Johnson et al., 2008). In the Pacific Northwest, PSL are a primary 
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food source for out-migrating juvenile Coho and Chinook salmon during the spring and salmon 

when they inhabit nearshore waters (Cox, 2019). With chinook populations struggling along the 

WCVI, research is needed to assess PSL population levels and understand their use of nearshore 

habitats. This, in turn, can support salmon recovery by ensuring juvenile chinook have access to 

adequate stocks of this energy-rich food source. For access to a diet of PSL, has been found to 

boost early-survival success rates (Cox, 2019). 

Like other forage fish species, PSL spawn high up in the intertidal zone (Penttila 1997; de Graff 

2014; Cook 2018). Here they deposit their eggs along beaches composed of coarse sand, which 

allows for the eggs to be buried in the substrate to prevent predation or dislodgement (de Graff 

2014; Cook 2019). As with PSL burrowing substrate, spawning substrate must be coarse enough 

to allow for oxygen flow over the eggs, but also must be devoid of high silt concentrations that 

could bury the eggs indefinitely (Holland et al., 2005). This suggests that beaches with some 

level of wave action are required. However, beaches that experienced extreme wave action were 

not favorable for spawning, as the small sand particles, along with the eggs, were light enough to 

be scoured from the beach (Cook, 2019). Their reliance on a particular subset of the intertidal 

makes PSL vulnerable to the effects of anthropogenic pressures in this zone as these calmer 

shores are often developed for human uses.  As such, efforts to document spawning beaches is 

critical to ensure they are preserved for forage fish use. As such, Washington state has begun a 

spawning occurrence database, which has been instrumental in gaining protection from new 

shoreline developments where spawning has been documented (Bizzaro, 2016).   

Research indicates that throughout the Pacific Northwest,  PSL are abundant in nearshore marine 

systems, commonly occurring in waters less than 40m (Thuringer 2004; Holland et al. 2005; 

Haynes et al. 2007; Johnson et al. 2008; Bizzaro 2016). However, catch data indicate that they 

seasonally migrate into shallow waters (depth <6m) from May to August (Haynes et al., 2007). 

During these months, PSL have been found to utilize a wide range of habitats, including; 

bedrock outcrops, eelgrass beds, cobbled areas with understory kelp, and sandy beaches (Haynes 

et al. 2007; Johnson et al. 2008). Large schools of PSL have been shown to use kelp beds as 

foraging habitat (Haynes et al. 2007; Johnson et al. 2008; de Graff 2014). This coincides 

spatially and temporally with that of out-migrating juvenile chinook salmon. However, as with 

the case with juvenile chinook, it is still unknown to what extent and duration PSL use these 

nearshore habitats.  
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Given their ecological importance as a prey species for juvenile chinook, determining the 

potential habitat of the PSL is essential to ensuring these environments are protected and 

managed effectively for both species. With the federal government's Wild Salmon Policy 

advocating to define critical salmon habitat, understanding the habitat use of their key prey 

species could point to usage overlaps and lead to the designation of critical nearshore salmon 

habitat.   

9.4.2 PSL- Data  

The modeling of PSL habitat in this study aims to build on the works of Cook (2019) in the 

Salish Sea and those in the State of Washington (Harper and Ward 2001; Robinson et al. 2013; 

Bizarro, 2016) to generate PHSMs of (1) PSL spawning beaches and (2) nearshore habitat use. In 

this section of the study, the goal was to provide preliminary information on the potential extent 

of PSL habitat on the WCVI, to assist with the management of these areas. Findings from a  

study by van der Kooij et al. (2008) estimated that sand lance remains within a 5 km radius of 

suitable substrate during daytime foraging. As such, this information may support the use of 

alternate nearshore habitats such as eelgrass and kelp noted in other studies, due to their 

proximity to suitable burrowing habitat. Therefore, van der Kooij et al. (2008) felt that the 

modeling of suitable burrowing habitat in the nearshore might act as a 'spatial surrogate' for 

determining foraging habitats of PSL. In regards to this study, the modeling of suitable 

burrowing/foraging habitat may, in turn, highlight areas of co-utilization by foraging PSL and 

juvenile chinook. 

 To be able to use the modeling methodology outlined in Cook (2019) for potential spawning 

habitat, the complete ShoreZone Inventory dataset was accessed directly from the author via an 

email request for data sharing to CORI. This was done because the open-source dataset from 

DataBC lacked the secondary and tertiary substrate fields used in the Cook (2019) model. These 

additional fields were valuable to reduce underestimation by the model, for by using only 

primary substrate, the model would fail to account for the presence of patchy habitats associated 

with small pockets of preferable substrate along the shoreline (Cook, 2019). Following Cook's 

methodology, the ShoreZone shoreunits dataset was queried for physical shore type. In her 

research, Cook reviewed the studies from Washington State, which showed that all combinations 

of shore type comprising sand, pebble, and cobble were found to be spawning beaches (Figure 

47).  
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Figure 46: The association of shore type and exposure for suitability as a Pacific Sand Lance 

spawning beach (Harper and Ward 2001 as cited in Cook, 2019).  

 

Cook's study (2019) also indicated a preference for protected shorelines.  Translating these 

combined preferences, the author defined suitable shore type and exposure rating from the 

ShoreZone shore units layer to be used to generate potential habitat based on suitable Shoreunits 

(Table 18).  
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Table 18: The ShoreZone attributes used to define preferential habitat for the modeling of forage 

fish spawning beaches (Harper and Ward, 2001 as cited in Cook, 2019). 

 

In regards to nearshore habitat use, research suggests that while PSL use a variety of nearshore 

environments,  their range is reliant on the availability of burrowing habitat (Haynes et al., 

2007). Therefore, a second model was generated to determine nearshore habitat using the 

geophysical variables of substrate, exposure, and depth, similar to the modeling of eelgrass and 

kelp. This nearshore model used the ShoreZone data to define the same preferred shore type and 

exposure ratings as the spawning beaches. With research suggesting that PSL requires tidally 

active areas to maintain oxygen flow through interstitial spaces in the substrate during periods of 

dormancy and burrowing (Holland et al., 2005), these fine sediment grains can become dislodged 

if wave action is too great (Cook, 2019). Therefore, areas with ratings of "Semi-Exposed" were 

included in this model, while those of "Exposed or Very Exposed" were not. It was noted that 

these findings were in concurrence with kelp's limited ability to grow in the "Exposed" and 

"Very Exposed" environments containing mixed (BType 2) sediments. Additionally, "Very 

Protected" environments have been found to lack the water movement required for the necessary 

oxygenation during burrowing and to prevent siltation of PSL gills (de Graff and Pentilla, 2014) 

therefore, this exposure rating was removed from the model.  

Given that the ShoreZone data was limited to describing the linear shoreunit, The Gregr BoPs 

layer was included to add additional supporting substrate data to the model and account for the 

deeper nearshore environment. 'BType' was defined as Mixed (2<Null, a, b>) or Soft (3<Null, 

a>) given the observed burrowing ability of PSL documented in the Harper and Ward (2001) and 
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Cook (2019) studies. For depth, the Haynes et al. (2007) study suggested a max nearshore depth 

of 6m; therefore, using the Gregr 20m-bathymetry raster, this was defined. 

9.4.3 PSL- Modeling Methodology 

First, to model potential spawning beaches, the methodology outlined by Cook (2019) was 

followed (Figure 47). This required that the preferred 'shore types' of any combination of sand, 

pebble, or cobble "*csp*" and the 'exposure ratings' of "Very Protected, Protected, or Semi-

Protected" were all selected for using the Select For Tool. Using the Intersect Tool, these 

preferred features were then intersected to determine Shoreunits with overlapping conditions. Per 

Cook (2019), the modeled output of these overlapping conditions was indicative of potential 

spawning habitat. Second, to model potential nearshore burrowing habitat, a workflow similar to 

that undertaken for modeling eelgrass and kelp was developed (Figure 48).  

 

Figure 47: Potential habitat suitability modeling workflow for potential PSL spawning habitat 

(Adapted from Cook, 2019). 
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Figure 48: Potential habitat suitability modeling workflow for potential PSL burrowing habitat. 

 

This workflow combined the spawning beach model with the BoPs and depth layers. Using the 

Select For Tool, ShoreZone Shoreunits were again used to define preferred exposures of 

"Protected, Semi-Protected, or Semi-Exposed" and all intertidal substrates with a "csp '' rating. 

These ShoreZone polylines were then converted to polygons using the Create Thiessen Polygons 

Tool. Nearshore substrates of  BType-2<Null, a, b>, or BType3<Null, a> were derived from the 

BoPs layer using the Select For Tool. A depth limit of 6m was established from the Gregr 20m 

bathymetric raster by using the Select For Tool for those cells with a depth of "0 > gridcode < 6" 

and then converting these cells into polygons using the Raster to Polygon Tool. Using the Clip 

and Intersect Tools, the ShoreZone polygons were clipped to depth polygons and then 

intersected with the BoPs layer. The output was potential nearshore burrowing substrate habitat. 

Validation of these models were not possible as neither a spawning beach, nor nearshore habitat 

data layer was identified during the data gathering phase. However, given the success of the 
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modeling by Cook, showing a 74.3% accuracy rating (2019), it may be predicted that given the 

WCVI is less developed than the Salish Sea, the WCVI would have a higher level of natural-

state shoreline, consistent with that captured at the time of the ShoreZone inventory persisting in 

most areas. Therefore, it is felt that the WCVI would produce similar or better results had 

validation occurred. 

9.4.4 PSL- Results 

As per the methodology outlined in Cook (2019), the PHSM for spawning beaches selected for 

both defined exposure rating and substrate from the ShoreZone shoreunits layer, these were then 

intersected to produce a polyline output layer for potential spawning beaches (Figure 49a-b). 

From the results of the model, it could be seen that potential spawning habitat was located all 

along the coast but was predominantly within the channels and inner waterways.  
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Figure 49 (a-b): a. PHSM Pacific Sand Lance spawning beaches on the West Coast of 

Vancouver Island. b. Zoomed image of the area within the box in (a) of PHSM PSL spawning 

beaches on the WCVI. 
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The length of potential PSL spawning shoreline was calculated for each of the DFO FMAs, with 

Barkley having 1,210 km, Clayoquot having 1,865 km, and Nookta having 1,410 km (Table 19). 

This translated to roughly 36% of Barkley shorelines, 55% of Clayoquot shorelines,  and 48% of 

Nookta shorelines (Table 19).  

Table 19: Calculated PHSM Pacific Sand Lance Spawning shorelines by DFO FMAs and as a 

percent of the total of available shoreline by DFO FMA. 

DFO 

Management 

Areas 

PHSM Spawning 

Shoreline Length 

(Km) 

Total PHSM 

Shoreline Length 

(Km) 

Percent of PHSM 

Spawning Shoreline Vs. 

Total  Available Shoreline 

Barkley Sound 

23 

1,410 km
 

3,916.67  km 36% 

Clayoquot 

Sound 24 

1,210 km
 

2,200.00  km 55% 

Nookta Sound 

25 

1,865 km
 

3,885.42 km
 

48% 

 

Results of the PHSM for nearshore burrowing habitat indicated the potential occurrence of 

nearshore burrowing (foraging) habitat throughout the study area (Figure 50). 
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Figure 50: Results of the PHSM of nearshore burrowing (foraging) habitat on the WCVI. The 

inset is zoomed to show the results within a single bay. 

  

Table 20 highlights the modeled potential area of PSL burrowing habitat versus the total 

available nearshores area (chart datum (0m) to a max depth of 20m). From the results, it can be 

seen that Clayoquot Sound appeared to have roughly two times the amount of nearshore habitat 

than both Barkley and Nookta Sounds. Yet the predicted extent of PHSM PSLB habitat was a 

percent of potential burrowing habitat versus the total available nearshore habitat did not follow 

this pattern as PHSM PSLB habitat was predicted to be 23.11% of Barkley, 18.76% of 

Clayoquot, and 33.31% of Nookta Sounds.  
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Table 20: Results of the PHSM PSL burrowing habitat showing theoretical estimated percent 

coverage within three DFO Management Areas (20m bathymetry raster). 

DFO 

Management 

Areas 

PHSM Burrowing 

Habitat Area (Km
2
) 

Total Nearshore 

Area (Km
2
) 

Percent of PHSM 

Burrowing Habitat Vs. 

Total  Available 

Nearshore Area 

Barkley Sound 

23 

32.30 km
2 

139.76  km
2
 23.11% 

Clayoquot 

Sound 24 

54.26 km
2 

289.18 km
2
 18.76% 

Nookta Sound 

25 

43.76 km
2 

131.37 km
2 

33.31% 

 

9.4.5 PSL- Discussion 

Research suggests that PSL, are one of the primary sources of prey for juvenile chinook upon 

leaving the estuary (Haynes et al., 2007). Therefore, it is of value to understand their distribution 

in nearshore waters. Based on previous modeling efforts and literature, the two models produced 

in this study have suggested that there are potentially extensive spawning and burrowing habitats 

throughout the study area, but that potential disparities between the three DFO-FMAs may exist. 

Therefore, as prey availability will be an essential consideration for the chinook rebuilding plans, 

researchers may be able to use these models to direct the location of future ground surveys to 

assess actual PSL habitat and use. These could then also be coupled with studies on the timing 

and duration of the use of these habitats, as research suggests that it is synchronous to periods 

when juvenile chinook are also known to occupy these same environments (Duffy, 2009). From 

the PHSM for spawning beaches, each of the DFO FMAs showed extensive coverage of suitable 

conditions ranging from 36% (Barkley), 48% (Nookta), and 55% (Clayoquot) of available 

shorelines. Validating the spawning model was not statistically possible. Still, from the results 

given in the report by Cook (2019), the methodology used in that study was able to accurately 

predict known spawning beaches along 74.3% of the coast in the Gulf Islands study area. 

Therefore, it was assumed that since sand lance along the coast is all the same species (PSL), 

their abiotic and biotic environmental requirements would be similar to those on the eastern side 
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of Vancouver Island. Thus, it was anticipated that the results of the PHSM would be consistent 

for the WCVI region. 

As for the PHSM of nearshore burrowing habitat, when comparing the amount of potential to 

total available nearshore habitat, 33.31% of Barkley, 18. 76% of Clayoquot, and 23.11% of 

Nookta Sounds, were predicted as potential burrowing habitats. This suggests that the amount of 

available burrowing habitat between the areas varies considerably. These differences are 

suggestive of varying geophysical capacities between the regions, rather than smaller-scale 

factors, such as turbidity or silt concentration caused by run-off or erosion. However, to fully 

understand the extent of PSL burrowing and foraging habitats within the region, future studies 

would need to combine the modeling of burrowing substrates and the occurrence of additional 

habitats such as eelgrass and kelp beds (Haynes et al. 2007; Johnson et al. 2008; de Graff 2014). 

Validation of the nearshore burrowing substrate model for the entire study area was also not 

possible, as spatial data on this type of research was not found during the data-gathering phase. 

Given the location of study on the remote (data deficient) WCVI, it may suggest that this work 

has yet to be conducted, given that in other more populated areas along the coast, PSL habitat 

modeling research is still in its infancy. However, there was one study that looked at the 

occurrence of PSL spawning habitat along a coastal section of  Barkley Sound, known as the 

West Coast Hiking Trail (Figure 49a-b). The findings of this research were later published 

(Haynes et al., 2007). In the study, the region stretching from Port Renfrew to Bamfield was 

found to contain instances of suitable habitat. From the PHSM of spawning habitat in this study 

(Figure 51a), there appears to be a general geographical overlap between the two studies (Figure 

51-b).  
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Figure 51:Figure 49 (a-b): Comparison of the Haynes et al. (2007) study area looking at (a) 

nearshore burrowing substrate by Pacific Sand Lance along the West Coast of Vancouver 

Island. b. versus modeled potential use by Pacific Sand Lance. 

Future work should look to include an intertidal component to PSL burrowing. For as with the 

eelgrass model, this model did not account for intertidal use above chart datum. Therefore, by 

including a standardized intertidal 'habitat use' metric such as that found by de Graff and Pentilla 

(2014) for PSL in Puget Sound, additional potential habitat may be generated. In their report, de 
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Graff and Pentilla (2014) found that PSL usually occupies intertidal habitat up to +1.8m above 

chart datum. 

Forage fish, such as PSL, herring and shiner perch are vital to coastal food webs, and as per the 

literature, the collapse of one of these stocks can have a cascading effect on the productivity of a 

region (Johnson et al., 2008). With the continued allowance of the herring fishery, DFO has 

come under fire again. Given that their own stock data suggests that numbers of severely 

depressed, and that allowable catch and mortality maximums continued to be surpassed, the 

fishery opened again this year. With juvenile chinook, spending up to two years  in coastal 

waters, forage fish are a vital source of year-round prey. Therefore, given their dependence on 

PSL, as well as that of countless other species, management must transition to a multi-species 

approach, to ensure that prey species are available to chinook, in order for chinook to be 

available to SRKWs. 

9.5  Estuary Inventory 

9.5.1 Estuary- Introduction & Background 

Recognized as necessary in the 2006 WSP, the overdue development of an inventory of baseline 

habitat data for the WCVI is essential to protecting wild chinook. For without this information, 

management lacks a starting point to track habitat use, predator-prey relationships, competition, 

and threats to early marine survival. This data void presents resource managers with a two-fold 

task. First, they must identify the appropriate surrogate 'habitat' metrics to map. And second, they 

must be able to relate the availability of this habitat to an appropriate surrogate 'population' 

metric. Federally, there are several management scales applied when working with salmon 

(Figure 52). However, the present 'population' metric used for the management of salmon is the 

conservation unit (CU). These are genetically, morphologically, behaviorally and ecologically 

similarities of populations, defined in the WSP (2018)  as "a group of wild salmon sufficiently 

isolated from other groups that, if extirpated, is very unlikely to re-colonize naturally within an 

acceptable time frame." Therefore, DFO uses this metric as the basis upon which to preserve 

biodiversity. Additionally, this is also the scale at which a species of salmon may be legally 

protected under the Species at Risk Act (SARA) (WSP, 2018).  
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Figure 52: Scales of federal salmon management (WSP, 2018). 

 

Previously on the WCVI, there were four Chinook CUs: San Juan (Area 20), South West 

Vancouver Island (Areas 23, 24), Nootka-Kyuquot (Areas 25, 26) and North West Vancouver 

Island (Area 27). These CUs were not as spatially refined as others found along the Central 

Coast or the Salish Sea; instead, they covered vast geographical expanses of the west coast, 

encompassing a range of marine and terrestrial environments. This former classification 

presented a challenge when looking to assess nearshore marine habitat availability across such an 

expansive area. With quantity alone not determining use,  it has shown that not all populations of 

salmon within a CU will utilize all available habitat (Plummer et al., 2013; Kennedy et al., 

2018), as habitat quality or "habitat integrity" must also be considered (Harris and Baker, 2012). 

This means that within all available habitat, the quality of a subset of habitat may be sufficient to 

satisfy their biological needs, thereby reducing their overall travel within a region.   

With the 2018 revision of the WSP, the federal government restructured the designation of CUs 

on the WCVI, to better represent those populations which embody the CU definition of being 

"genetically, morphologically, behaviorally and ecologically similar." Today, within the DFO-

FMAs of Barkley, Clayoquot, and Nookta, there are fifteen Chinook CUs alone. The 

restructuring of these CUs reduced their geographical extent down from the DFO-FMA, to the 

watershed level, representing only one or two main river systems. At this scale, managers are 
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able to focus on identifying unique in-river habitats of individual population units, well also 

quantifying the pressures and impacts, within the broader watershed.   

The remoteness of the WCV has hindered the collection of large-scale field data and limited the 

development of spatial data for the region. Therefore, it was felt that the analysis of potential 

habitat availability in this research be downscaled from the DFO-FMAs to an individual habitat 

level, such as an estuary. In doing so, this would reduce the analysis down from a few hundred 

kms at the DFO-FMA level, to a few kms at the estuary level. This would also mean that rather 

than using a collection of datasets (such as the CRIMS dataset), a single spatial dataset could be 

used for validation of the model. Presently, habitat data already exists across fifteen key chinook 

watersheds on the WCVI. This data was developed as part of the WSP's RISK assessment 

mapping.  To date, this work has focused on mapping terrestrial, river-based habitat, with the 

commencement of marine estuary and nearshore habitat to get underway soon. Presently, at the 

individual site level, monitoring of marine habitat has already been conducted for some species 

(Parks Canada eelgrass mapping, 2017/2018), using new technologies that are improving the 

efficiency and accuracy of habitat mapping methodologies. This has implications for filling in 

critical data gaps around the region.  

9.5.2 Estuary- Data  

For this portion of the research, the results of the three previous sections were incorporated into a 

nearshore inventory of the estuaries from the fifteen major chinook producing systems on the 

WCVI, in order to assess IS habitat at the site-level scale. These data layers were from the 

Habitat Status Reports, of which thirteen systems had documented estuary habitat layers. These 

layers were generated by the environmental consulting company M.C Wright, and Associates 

(2016), using a variety of methods, such as dive surveys, ortho-photography, field surveys, and 

remote sensing from 1980 until 2016. Habitat classes were identified for the significant substrate 

and vegetation types. These included gravel, water, salt marsh, mudflats, rock, and mature forest. 

Based on the presence of these habitats, the HSRs were able to define a habitat <type> and 

<value> attribute to these features, in regards to the type of life-history stage of salmon that 

utilized them and also their significant value to support salmon. With the HSRs spanning 

multiple decades, the designation of these habitats has changed, and this is reflected in the 

naming of the <value> attribute. With some reports referring to ‘high-value,’  ‘key,’ or ‘critical.’ 

With all estuaries having been designated as ‘Juvenile Rearing’ and ‘Migration’  habitat for all 
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species of salmon, these layers were used to assess the capacity of the PHSMs to predict these 

habitats. These layers were also used to extract those habitats within the estuaries that were 

explicitly associated with chinook salmon and then again for those habitats that were designated, 

especially as ‘critical’ chinook habitats. The benefit of this approach is that the PHSMs could 

then be assessed for their capacity to detect and distinguish between various salmon habitats. 

This approach would also allow for an assessment of the affinity of juvenile chinook for the 

chosen IS and their appropriateness as IS of ‘critical’ juvenile chinook habitat. 

 

Using the PHSM output for eelgrass, kelp, and Pacific sand lance habitat, each estuary was 

assessed for the amount of aerial overlap between each of the IS habitats within both the total 

estuary extent and also within specific habitat classes within the estuary. This means PHSM 

eelgrass habitat was overlapped with available water and mudflat habitat classes as these are 

documented habitat conditions that could support the growth of eelgrass, while both PHSM kelp 

and PSL Burrowing habitats were overlapped only with water habitat. By comparing both the 

estuary habitat and sub-habitats within, this analysis would provide statistical evidence of 

potential variances in geophysical capacity versus ground-truthed habitat among each of the 

estuaries. For those estuaries with multiple datasets, this method of analysis would also allow for 

the detection of habitat changes within the estuaries. 

9.5.3 Estuary- Modeling Methodology 

This section outlines both the non-automated and automated workflows used to assess the 

accuracy of the various PHSMs. First, to assess the accuracy of the models to detect juvenile 

salmon habitat, juvenile chinook habitat, and ‘critical’ juvenile chinook habitat, simple overlay 

steps were done in ArcGIS. Figure 53 depicts the workflow for this process. Second, to 

determine the accuracy of the PHSMs to detect the area of available habitat within an estuary, 

several calculations had to be performed to determine the area and percentage of actual versus 

modeled potential habitat within each estuary, as well as the overlap of these habitats. Therefore, 

an automated workflow was developed in ArcGIS Modelbuilder to streamline the process. 

Figure 54 depicts the general workflow of this model.  
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Figure 53: Workflow for assessing PHSMs at detecting juvenile salmon (JSH), juvenile chinook 

(JCH), and ‘Critical’ juvenile chinook (CJCH) habitats. 
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Select for critical juvenile chinook habitat 
from JCH, Export as new layer- CJCH 
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Calculate Areas for 
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Calculate area of estuary: JSH, JCH  & 
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Calculate overlap area of PHSM eelgrass, 
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Calculate Accuracy Percentage of PHSM 

models. 
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Figure 54: A depiction of the detailed workflow for determining an estuary's habitat inventory. 

The description of the automated model workflow is as follows:  

 

 
Actual Estuary 

Habitat 
 Total actual area of the estuary 

 
Actual Water 

(Eelgrass + Kelp 
+ PSLB) Habitat  

 Total actual area of water within the estuary & percent of estuary made up of 
water 

 
Actual Mud 

Flats (Eelgrass) 
Habitat  

 Total actual area of mud flats within the estuary & percent of estuary made up of 
mud flats 

 
Actual 

Combined MF + 
H2O (Eelgrass) 

Habitat 
 
Total actual area of mudflats + water within the estuary & percent of estuary 

made up of both water and mud flats (suitable growing conditions) 

 
Potential 

Eelgrass Habitat  Total modelled potential area of eelgrass 

 
Potential Kelp 

Habitat  Total modelled potential area of kelp  

 
Potential PSL 

Burrowing 
Habitat  Total modelled potential area of sand lance burrowing habitat  

 
Intersected 

Total Estuary + 
Potential 

Eelgrass Habitat 
 

Total  potential area of eelgrass overlapping total area of the estuary & percent of 
estuary covered by potential (PHSM) eelgrass habitat 

 
Intersected 

Total Estuary + 
Potential Kelp 

Habitat 
 

Total overlapping potential area of kelp and total area of the estuary & percent of 
estuary covered by potential (PHSM) kelp habitat 

 
Intersected 

Total Estuary + 
Potential PSL 

Burrowing 
Habitat 

 
Total overlapping potential area of sand lance burrowing habitat and 

total area of the estuary percent of estuary covered by potential (PHSM) 
sand lance habitat 

 
Intersected 

Actual 
Combined + 

Potential 
Eelgrass Habitat 

 
Total overlapping modelled area of eelgrass and total area of mud flats plus water 

(suitable growing conditions) within the estuary & percent of actual habitat 
covered by potential (PHSM) eelgrass habitat 

 
Intersected 

Actual + 
Potential Kelp 

Habitat 
 

Total overlapping modelled area of kelp and total area of water (suitable growing 
conditions) within the estuary & percent of actual habitat covered by potential 

(PHSM) kelp habitat 

 
Intersected 

Actual + 
Potential PSLB 

Habitat 
 

Total overlapping modelled area of sand lance burrowing habitat and total area of 
water (suitable growing conditions) within the estuary percent of actual habitat 

covered by potential (PHSM) sand lance habitat 
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1. Calculate areas of  actual habitat from the HSR estuary datasets: 

Select for an individual estuary layer: 

 Within the estuary layer Select for total estuary habitat 

 Within the estuary layer Select for water habitat 

 Within the estuary layer Select for mudflat habitat 

 Merge water and mudflat habitat 

 

For each of the above four areas: 

Add field <Name> 

Calculate field <specific habitat type> 

Add Geometry Attributes to add a <Area> field 

Calculate field  

Summary Statistics to calculate the <SUM> of the specific habitat type 

 

2. Calculating areal overlap of modeled eelgrass habitat to actual habitat: 

Select for PHSM eelgrass layer: 

 Intersect the eelgrass layer with the total estuary habitat layer 

 Intersect the eelgrass layer with the merged water and mudflat habitat classes 

 

For each of the above two areas: 

Add field <Name> 

Calculate field <specific habitat type> 

Add Geometry Attributes  to add a <Area> field 

Calculate field  

Summary Statistics to calculate the <SUM> of the specific habitat type 

 

 

3. Calculating areal  overlap of modeled kelp habitat to actual habitat: 

Select for PHSM kelp layer: 

 Intersect the kelp layer with the total estuary habitat layer 

 Intersect the kelp layer with the total water habitat classes 
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For each of the above two areas: 

Add field <Name> 

Calculate field <specific habitat type> 

Add Geometry Attributes  to add a <Area> field 

Calculate field  

Summary Statistics to calculate the <SUM> of the specific habitat type 

 

4. Calculating areal overlap of modeled sand lance habitat to actual habitat: 

Select for PHSM Pacific sand lance layer: 

 Intersect the eelgrass layer with the total estuary layer 

 Intersect the eelgrass layer with the merged water habitat classes  

 

For each of the above two areas: 

Add field <Name> 

Calculate field <specific habitat type> 

Add Geometry Attributes  to add a <Area> field 

Calculate field  

Summary Statistics to calculate the <SUM> of the specific habitat type 

 

5. Calculating area of PHSM habitat in proximity to actual estuary habitat 

Select for total estuary habitat 

Multi-ring Buffer 1& 5 km 

Select for 1km buffer 

Select for 5km buffer 

For each of the above two buffered areas: 

Clip to BoPs layer to limit buffer to only marine areas (BoPs layer captures depths 

from 0 to 50m. 

Add field <Name> 

Calculate field <specific buffered area> 

Add Geometry Attributes  to add an <Area> field 
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Calculate field  

Summary Statistics to calculate the <SUM> of the specific buffered area 

 

Intersect (x3) with each of the three IS layers with the 1km buffer  

Intersect (x3) with each of the three IS layers with the 5km buffer  

For each of the above six intersected areas: 

Add field <Name> 

Calculate field <specific habitat type> 

Add Geometry Attributes  to add a <Area> field 

Calculate field  

Summary Statistics to calculate the <SUM> of the specific habitat type within the 

specific buffered area 

 

6.  Merge all of the Summary Statistics tables into one summarized output table with all of the 

above calculations for each estuary: 

 

7. Estuaries with multiple layers are compared beside one another, and calculations for percent of 

habitat change (+/-) were included: 

 Percent change was calculated for the difference in area between habitats.  

 

 

To calculate each of these values for each of the estuaries (of which some had multiple estuary 

habitat layers), an automated workflow was constructed in ArcGIS Modelbuilder to perform the 

areal overlap calculations and generate an output of a single table summarizing all of these 

calculations for each individual estuary. To assess habitat connectivity, using the same 

automated workflow, additional calculations were added. These steps involved buffering the 

total estuary layer at distances of 1 and 5 kms and then calculating the amount of potential 

habitat area for each of the three IS that fell within these boundaries. The distances of 1 and 5 

kms were arbitrarily chosen to show the inherent variability that can occur between estuaries, as 

this can indicate disparities in habitat connectivity along migration corridors. The additional 

workflow for assessing the extent of potential habitat surrounding an individual estuary is shown 
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in Figure 55. This involves buffering the estuary layer, intersecting potential habitats, and then 

calculating the total area of these potential habitats within these boundaries. 

 

 

Figure 55: General workflow for calculating the extent of potential habitat surrounding an 

individual estuary. 

 

 

9.5.4 Estuary- Results 

First, the accuracy of the PSHMs to detect juvenile salmon habitat was explored. Each of the IS 

models was intersected with the various derived salmon habitat layers. The area was calculated 

for the PHSMs habitat, juvenile salmon habitats, and their intersections. By calculating the areas 

of the salmon habitats, it was found that of the total JSH, JCH made up 92%, and CJCH made up 

17.25%. Of the total JCH, CJCH made up 15.86%. The results of the other calculations are 

displayed in Table 20. From here, it can be seen that the PHSM for eelgrass was able to 

accurately predict 68.3% of JSH,  69.2% of JCH, and  65.6% of CJCH. The PHSM for kelp was 

able to accurately predict 11.7% of JSH, 12.3% of JCH, and 13.5% of CJCH. The PHSM for 

PSLB was able to accurately predict 76.7% of JSH, 77% of JCH, and 83.4% of CJCH. 
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Combining the three IS modeled areas was able to accurately predict  91.4% of JSH,  91.9% of 

JCH, and  86.6% of CJCH. 

Table 20: Determining the accuracy of the PHSM for each of the IS to account for JSH, JCH, 

and CJCH. 

Marine 

Salmon 

Habitat From 

Habitat Status 

Reports 

Salmon 

Habitat 

Area 

(km  sq.) 

Eelgrass 

Overlap 

Area 

(km sq.) 

Eelgrass 

Overlap 

% 

Kelp 

Overlap 

Area 

(km sq.) 

Kelp 

Overlap 

% 

PSLB 

Overlap 

Area 

(km sq.) 

PSLB 

Overlap 

% 

All IS 

Overlap 

Area 

(km sq.) 

All IS 

Overlap 

% 

Juvenile 

Salmon 

Habitat (JSH) 

2.69 1.84 68.29 0.32 11.73 2.06 76.67 2.47 91.85 

Juvenile 

Chinook 

Habitat (JCH) 

2.47 1.71 69.18 0.30 12.26 1.88 75.99 2.27 91.88 

Critical 

Juvenile 

Chinook 

Habitat 

(CJCH) 

0.43 0.28 65.58 0.06 13.50 0.36 83.39 0.37 86.59 

Percent 

Habitat of 

Total Habitat  

CJCH 

/JSH 
17.25%  

CJCH 

/JCH 
15.86%  

JCH/ 

JSH 
92% 

 

 

 

Second, to allow for both numerical and visual assessment of the intersection of estuary habitat 

classes and the PHSM habitats, summarized output tables for each of the estuary layers were 

produced along with an image of the classified estuary layer. Examples of these can be seen in 

Table 21 and Figure 56 (a-d). Color coding was used to easily identify specific types of habitat. 

Blue indicates the amount of actual measured habitat within the estuary from the HSRs. Green 

indicates the amount of PHSM habitat within the estuary.  Yellow indicates the amount of 

overlap between actual and modeled habitats. Orange indicates the amount of PHSM habitat in 

proximity to the estuary. At the time of the study Bedwell was not an enhanced system, as 

designated by the (W) wild status. Figure 57 (a-d), is a second classified estuary layer with 

corresponding PHSM habitats for the Bedwell Estuary (2012). Each of the estuaries is similarly 

compared with each of the PHSM outputs (Appendix G). In total, 15 summarised tables were 
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also generated from the model, thus allowing for various comparisons and quantifications within 

and between estuaries (Appendix H).  

 

     

 

 

Figure 56(a-d): Images of Bedwell estuary (2012) with the individual habitat types within the 

estuary classified and displayed along with the results of the PHSMs for each of the indicator 

each species, to compare where potential habitat may occur with a. Habitat classes within the 

estuary. b. Occurrence of PHSM eelgrass habitat within the estuary. c. Occurrence of PHSM 

kelp habitat within the estuary. d. Occurrence of PHSM PSL spawning and burrowing habitat 

within the estuary. 

Bedwell Estuary 1994 (W) 

Clayoquot Sound 

Total Estuary: 0.97 km
2
 

Total Water: 0.17 km
2
 

Total Mudflats: 0.22 km
2
 

Total Water + Mudflats:0.38 km
2 

Percent of Water: 17% 

Percent of Mudflats: 22% 

Percent of Water + Mudflats: 39% 
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Figure 57(a-d): Images of Bedwell estuary (2012) with the individual habitat types within the 

estuary classified and displayed along with the results of the PHSMs for each of the indicator 

each species, to compare where potential habitat may occur with. a. Habitat classes within the 

estuary. b. Occurrence of PHSM eelgrass habitat within the estuary. c. Occurrence of PHSM 

kelp habitat within the estuary. d. Occurrence of PHSM PSL spawning and burrowing habitat 

within the estuary. 

 

For those systems with two datasets (Bedwell, Cypre, and Tranquil) comparison tables were 

produced to show the measured changes to various habitats within the estuary, as  documented 

in the Habitat Status Reports. Table 21 shows an example of a comparison table for Bedwell 

Bedwell Estuary 2012 (W) 

Clayoquot Sound 

 

Total Estuary: 0.97 km
2
 

Total Water: 0.22 km
2
 

Total Mudflats: 0.19 km
2
 

Total Water + Mudflats: 0.41 km
2 

Percent of Water: 23% 

Percent of Mudflats: 20% 

Percent of Water + Mudflats: 43% 
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estuary from the 1994 and 2012 datasets. All three comparison tables can be found in 

Appendix I, following the two individual summary tables for those estuaries.  

Table 21: A comparison of the two output tables from the coastal inventory model, showing the 

difference in habitat from the automated areal calculation habitat model for Bedwell estuary in 

both 1994 and 2012. 

 

Habitat Type 

1994 

Area (km 

sq.) 

2012 

Area (km 

sq.) 

Percent 

Change 

(%) 

Total Estuary 0.973 0.974 0 

Total Water Habitat 0.166 0.222 5.712 

Total Mud Habitat 0.217 0.193 -2.531 

Total  Mud + Water 0.383 0.414 3.182 

Intersect Estuary + Kelp 0.058 0.058 -0.007 

Intersect Estuary + Eelgrass 0.285 0.285 -0.035 

Intersect Kelp + Water 0.024 0.026 -2.685 

Intersect Eelgrass + Mud + Water 0.174 0.208 4.759 

Intersect PSL Burrowing + Water 0.058 0.085 3.577 

Intersect PSL Burrowing + Estuary 0.383 0.383 -0.048 

Intersect Estuary + PSL Spawning 5.98 (km) 5.98 (km) N/A 

Bedwell 1994 (W)  & 2012 (E)    

 

 

The summarized tables were used to look at a number of factors including, area, percent 

coverage and their averages for each of the estuaries and the potential IS-supporting habitats 

within them. With each estuary containing various habitats, this research focused only on the 

availability of those habitats that could support the IS. This included water habitat for all three of 

the IS, mud habitat for eelgrass and the combination of the two, again for eelgrass. From the 

modelled calculations it can be seen that the sizes of the estuaries vary greatly in size from 0.19 

km
2
 to 1.89 km

2
. Cypre (1994) estuary had the largest overall area at 1.89 km

2
, with Cypre 

(2012) slightly less at 1.88 km
2
. Meanwhile Tahsis (2013) estuary had the smallest area at 0.19 

km
2
 (Figure 58). Both Cypre (1994) and Cypre (2012) estuaries had the largest actual water 

habitat at 0.67 km
2 

and 0.69 km
2
, respectively indicating a slight increase in the amount of water 

habitat over the years. For mud habitat, Cypre (1994) and Cypre (2012) had the largest actual 

mud habitat at 0.25 km
2
 and 0.24 km

2
 with Conuma (2013) also at 0.24 km

2
. For both mud and 

water habitat, Cypre (1994) and Cypre (2012) had the largest actual mud + water habitat at 0.92 

km
2
 and 0.94km

2
. The average areas for the three habitat categories within the estuaries were: 
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0.76 km
2
 for the total area of the estuary, 0.20 km

2
 for water, 0.13 km

2
 for mud, and 0.33 km

2
 for 

both mud + water. 

 

Figure 58: Actual measured suitable estuary habitat by area for each of the key salmon 

watersheds on the WCVI, as reported in the Habitat Status Reports. 

 

Looking at habitat coverage within the estuary, Figure 59 shows habitat by percent coverage. 

Within the estuaries the range of water habitat varied from 0% in Kennedy (2016), Nahmint 

(2007), and Sarita (2007), up to 95% in Tahsis (2013). Mud habitat varied from 0.59% in Tahsis 

(2013), to 100% in Sucwoa (2007). For mud and water habitat, the estuaries ranged from 8.78% 

in Kennedy (2016) to 100% in Sucwoa (2007). Both however, were represented by mud habitat 

only. Tahsis (2013) had the largest true mud and water habitat 96% coverage, but this was 

represented by mainly 95% water habitat and 1% mud habitat. The average percent coverage for 

the three habitat categories within the estuaries were: 28.8% for water, 21.5% for mud, and 

50.3% for both M + W. 
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Figure 59: Actual measured suitable estuary habitat by percent coverage of the total estuary, for 

each of the key salmon watersheds on the WCVI, as reported in the Habitat Status Reports. 

 

Next the summary tables were used to compare the results of the PHSMs to the individual 

estuaries. Looking at the PHSM for eelgrass, the coastal inventory model calculated both the 

potential habitat within the total actual estuary and within suitable actual habitat (mud + water). 

Both area and percent coverage were calculated and the results by estuary are shown in Figures 

58 and 59. Looking at area coverage of potential suitable eelgrass habitat within the total estuary 

habitat (Figure 58), Cypre (1994) and Cypre (2012) had the largest area at 0.61 km
2
, while 

Tahsis (2013) had the smallest at 0.04 km
2
. By percent coverage, of potential suitable eelgrass 

habitat within the total estuary, Canton (2013) had the largest area at 81%, while Tahsis (2013) 

had the smallest at 24%
 
(Figure 59). For area coverage of potential suitable eelgrass habitat 

within suitable actual habitat (mud + water), Cypre (2012) had the largest area at 0.35 km
2
, while 

Kennedy (2016) had the smallest at 0.01 km
2 

(Figure 60). For percent coverage of potential 

suitable eelgrass habitat within suitable actual habitat (mud + water), Sucwoa (2013) had the 

largest area at 79%, while Kennedy (2016) had the smallest at 2% (Figure 61). 
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Figure 60: Results of PHSM for eelgrass, showing potential area coverages of eelgrass habitat 

within the total actual estuary habitat and within suitable actual estuary habitat (mud and 

water), for each of the key salmon watersheds on the WCVI. 

 

Figure 61: Results of PHSM for eelgrass, showing potential percent coverages of eelgrass 

habitat within the total actual estuary habitat and within suitable actual estuary habitat (mud 

and water), for each of the key salmon watersheds on the WCVI. 
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area coverage of potential suitable kelp habitat within the total estuary habitat (Figure 62), Leiner 

and Perry (2013) had the largest area at 0.15 km
2
, while Tsowinn (2013) had the smallest at 0 

km
2
. By percent coverage, of potential suitable kelp habitat within the total estuary, Tahsis 

(2013) had the largest area at 40%, while Tsowinn (2013) had the smallest at 0%
 
(Figure 63). For 

area coverage of potential suitable kelp habitat within suitable actual habitat (water), Leiner and 

Perry (2013) had the largest area at 0.21 km
2
, while Conuma (2013), Kennedy (2016), Nahmint 

(2007), Sarita (2007), Sucwoa (2007), and Tsowinn (2013) all had 0 km
2 

(Figure 62). For percent 

coverage of potential suitable kelp habitat within suitable actual habitat (water), Tahsis (2013) 

had the largest area at 39%, while Conuma (2013), Kennedy (2016), Nahmint (2007), Sarita 

(2007), Sucwoa (2007), and Tsowinn (2013) all had 0% (Figure 63). 

 

Figure 62: Figure 35: Results of PHSM for kelp, showing potential area coverages of kelp 

habitat within the total actual estuary habitat and within suitable actual estuary habitat (water), 

for each of the key salmon watersheds on the WCVI. 
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Figure 63: Results of PHSM for kelp, showing potential percent coverages of kelp habitat within 

the total actual estuary habitat and within suitable actual estuary habitat (water), for each of the 

key salmon watersheds on the WCVI. 

 

Looking at the PHSM for PSL, the coastal inventory model calculated both the potential habitat 

within the total actual estuary and within suitable actual habitat (water). Both area and percent 

coverage were calculated and the results by estuary are shown in Figures 64 and 65. Looking at 

area coverage of potential suitable PSL burrowing habitat within the total estuary habitat (Figure 

64), Cypre (1994) had the largest area at 0.75 km
2
, while Sucwoa (2013) had the smallest at 0.03 

km
2
. By percent coverage, of potential suitable PSL burrowing habitat within the total estuary, 

Conuma (2013) had the largest area at 91%, while Sucwoa (2013) had the smallest at 14%
 

(Figure 65). For area coverage of potential suitable PSL burrowing habitat within suitable actual 

habitat (water), Cypre (2012) had the largest area at 0.22 km
2
, while Conuma (2013), Kennedy 

(2016), Nahmint (2007), Sarita (2007), and Sucwoa (2007) all had 0 km
2 

(Figure 64). For percent 

coverage of potential suitable PSL burrowing habitat within suitable actual habitat (water), 

Canton (2013) had the largest area at 48%, while Conuma (2013), Kennedy (2016), Nahmint 

(2007), Sarita (2007), Sucwoa (2007), and Tsowinn (2013) all had 0% (Figure 65). Additionally, 

looking at the length of potential suitable PSL spawning habitat along the total estuary shoreline 

was also calculated for each estuary (Figure 66). Both Cypre (1994) and Cypre (2012) had the 
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largest length of potential PSL spawning shoreline habitat at 5.7 km, while Conuma (2013), 

Tahsis (2013), Tranquil (1994), and Tranquil (2012) all had 0 km. 

 

Figure 64: Results of PHSM for PSL burrowing habitat, showing potential area coverages of 

PSL burrowing habitat within the total actual estuary habitat and within suitable actual estuary 

habitat (water), for each of the key salmon watersheds on the WCVI. 
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Figure 65: Results of PHSM for PSL burrowing habitat, showing potential percent coverages of 

PSL burrowing habitat within the total actual estuary habitat and within suitable actual estuary 

habitat (water), for each of the key salmon watersheds on the WCVI. 

 

 

Figure 66: Results of PHSM for PSL spawning habitat, showing potential length of PSL 

spawning habitat along the total actual estuary shoreline, for each of the key salmon watersheds 

on the WCVI. 

0

10

20

30

40

50

60

70

80

90

100

P
er

ce
n

t 
C

o
ve

ra
ge

 (
%

) 

Indicator Species 

PHSM PSL Burrowing within Estuary Habitat PHSM PSL Burrowing within Water Habitat

0

1

2

3

4

5

6

Le
n

gt
h

 (
km

) 

Indicator Species  

PHSM PSL Spawning Habitat Along Estuary Shoreline



192 

 

Finally, the amount of IS PHSM habitat surrounding the estuaries was also calculated by the 

model, as these calculations are valuable for determining proximity and connectivity of habitats. 

The model calculated the area of marine habitat within 1km and 5km of an individual estuary 

(Figure 67). For potential eelgrass habitat, Sarita (2007) had the largest amount of eelgrass 

within 1km at 1.05 km
2
, and also the largest amount of eelgrass within 5 km at 1.39 km

2
. For 

Kelp, Canton (2013) had the largest amount of kelp within 1km, at 0.85 km
2
, while Cypre (1994) 

and Cypre (2012) had the largest amount of kelp within 5 km at 4.48 km
2
. For PSL burrowing 

substrates, Cypre (1994) had the largest amount of PSL burrowing substrates within both the 1 

km and 5 km buffers, at 0.87 km
2
 and 2.56 km

2
 respectively, while Sucwoa (2013) had the least 

at both the 1 km and 5 km buffers, at 0.03 km
2
. 

 

Figure 67: Results of PHSM for each IS, showing potential area coverages of IS habitat within 1 

km of the estuary and within 5 km of the estuary ,for each of the key salmon watersheds on the 

WCVI. 
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amount of area and percent coverage (Figures 68 and 69). Color coding was used to provide a 

quick visual assessment. Green indicated top ranking for amount of area, yellow indicated 

middle ranking for amount, and red indicated bottom ranking. The same was applied to percent 

coverage. From Figure 68, it can be seen that Conuma (2013) and Cypre (1994-2012) both 

ranked the highest for overall available habitats (9/10). Kennedy ranked the lowest (8/10), with 

both Sucwoa (2013) and Tahsis (2013) slightly behind (7/10). While from Figure 69, it can be 

seen that Leiner and Perry (2013) estuary ranked that highest (6/10) for percent coverage, with 

both Conuma (2013) and Tranquil (2012) slightly lower (5/10) for percent coverage. Kennedy 

(2016) was again the lowest ranked (8/10) for percent coverage, with Sarita (2007) slight lower 

at (7/10). 
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Kennedy 
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Sucwoa 
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Tranquil 

2012 7 2 7 8 7 8 8 5 6 3 0 8 2 

Figure 68: Ranking of estuaries based on calculated area of habitats. Cumulative scores are 

also assigned at the right. Green shading represents those estuaries with areas ranked in the top 

third of all estuaries studied. Orange shading represents the middle third. 
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Figure 69: Ranking of estuaries based on percent coverage of habitats. Cumulative scores are 

also assigned at the right. 

 

9.5.5 Estuary-Discussion 

With coastlines becoming increasingly modified, nearshore habitats are being lost and degraded 

at alarming rates. With studies having shown that degraded nearshore habitat negatively impacts 

juvenile survival rates (Rahr, 2019), modelling the availability of these habitats, can assist 

managers and others in identifying potential juvenile chinook habitat, and act as a launch point 

for monitoring and protection efforts. In seeking to understand how and when juvenile chinook 

use these habitats, it is believed that this will provide insight into the role these nearshore 

habitats play in supporting early marine survival. For WCVI chinook, this means, documenting 
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critical nearshore migration and rearing habitat and the risks impacting them.  Additionally, these 

models can be used to track habitat loss, by tracking changes in actual conditions over time 

versus the ecological capacity of the area, based on its geophysical factors. Therefore, 

understanding habitat loss, may shed light on where salmon survival may be bottlenecking in the 

nearshore.  

With the modelling done in this research based on known environmental associations for each of 

the IS, the results are merely suggestive of potential habitat rather than true habitat. However, by 

validating them with field studies and further  modeling, the results of the models can be 

corroborated, and their accuracy assessed. With federal funding presently available for habitat 

work, now is the time to capitalize on this opportunity and allocate these resources to increasing 

the study of localized chinook habitat use, environmental conditions and limiting factors specific 

to the WCVI. Incorporating modeling, such as the work done in this research is the first step and  

is vital to the success of the WSP and the proposed rebuilding plans.  

From the results looking at the ability of IS to predict critical habitat, it can be seen that the 

PHSM for kelp had the lowest accuracy ratings for juvenile habitats, ranging from 11.74 for JSH, 

12.26% for JCH, and 13.5% for CJCH. These possibly corroborate with the findings of Duffy 

(2009) and Trudel et al. (2009), which both suggested that chinook had a higher affinity for kelp 

than some of the other salmon species. Thus, kelp beds were possibly a critical habitat for 

juvenile chinook. From the images of PHSM at the estuary level (Appendix G), it can be seen 

that kelp was predominantly predicted in the lower intertidal areas of the estuary and beyond. 

Being sensitive to temperature fluctuations and desiccation, kelps are not known to inhabit upper 

intertidal reaches (Druehl, 1978). With JCH making up 92% of all JSH documented in the HSRs, 

protection of this habitat could have ancillary benefits for all juvenile species within the 

estuaries. The fact that only 15.86% of juvenile chinook habitat was identified as ‘Critical,’ 

however, highlights the need for protection to be concentrated in these areas,  but again, with an 

understanding that these habitats are co-utilized and other species would benefit also. 

The PHSM for eelgrass had significantly higher accuracy ratings for juvenile habitats, ranging 

from 68.29% for JSH, 69.18% for JCH, and 65.5% for CJCH. These results potentially 

suggested that while juvenile chinook had a higher affinity for eelgrass habitats than some of 

the other species, eelgrass habitat may be less critical to early marine survival. With eelgrass 

considered a nursery for 80% of commercially harvested marine fish, its protection is vital 
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(Chalifour et al., 2019). The duration of nearshore residency has now been shown to be longer 

than previously thought for juvenile chinook (Kennedy et al. 2018); however, estuary 

residency has been found to vary between species of salmon and the quality of the estuary 

(Duffy, 2009). With chinook being the largest species, they may be earlier to leave then some 

of the smaller species, or the first to be forced out when prey availability and competition 

hinder their access to food. These factors could both possibly be suggestive of why the 

accuracy of the eelgrass PHSM was lower for CJCH than the other two. Using GIS would 

allow for managers (or the SRTs) to calculate trade-offs in protecting the maximum CJCH 

while also accounting for other juvenile salmon species habitats when looking to design 

MPAs or enact monitoring. 

The PHSM for PSL had the highest accuracy rating for all of the juvenile habitats, ranging 

from 76.68% for JSH, 75.99% for JCH, and 83.39% for CJCH. These results potentially 

suggested that juvenile chinook had a lower affinity to be found in those habitats used by PSL 

for burrowing than some of the other species. These habitats were more likely to correspond 

to critical habitat for juvenile chinook. These are not conclusive results as the model was 

hypothetically derived from two sources, the nearshore PSL spawning model by Cook (2019) 

and the research by Haynes et al. (2007), which looked at intertidal use by PSL along the 

WCVI and its accuracy were not able to be validated with an in-situ data layer. From the 

PHSM modeling methodology outlined in 9.4.3, it can be seen that this model defined a wide 

range of substrate and exposure conditions that were tolerable to PSL. In light of their 

burrowing abilities, PSL are also powerful swimmers. This allows them to navigate 

throughout a range of nearshore systems and conditions (van der Kooij et al., 2008; Cook, 

2019). With it suggested that nearshore PSL habitat use is limited only by the availability of 

suitable burying substrate, this could account for the high levels of accuracy by the PHSM, as 

the BoPs layer (Figure 28) and the individual estuary images (Appendix G) showed that the 

substrates of most estuaries in the study area were predominantly BType 3- soft, thus capable 

of supporting its use by PSL. 

Finally, all three IS habitats were merged, and the accuracy of this area for predicting juvenile 

habitats was shown. This action produced the highest accuracy rating for predicting all three 

juvenile habitats, with 91.85% for JSH, 91.88% for JCH, and 86.56% for CJCH. The 

implications of these results are suggestive of the benefits of multi-species or EBM 
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management approaches for salmon recovery. With the WSP focussing on indicators, the 

three species presented in this research may be suitable spatial surrogates for monitoring 

nearshore ecosystem changes and identifying critical chinook habitat. Further efforts will be 

required to validate each of the models statistically to confirm this. Still, the results shown 

here are suggestive that PHSM of IS can be used to identify critical juvenile chinook habitat. 

The second aim of this section of the research was to determine habitat disparities existed 

between individual estuaries. The benefit of the coastal inventory model produced was in its 

capacity to expedite the analysis process of comparing the PHSMs to actual estuary data from 

the HSRs. The model was used to generate outputs of the actual habitat area of the estuary and 

those suitable habitats within it, as well as, PHSM habitat area within the estuary and those 

suitable habitats within it. Calculating these values was done to show what the actual habitat 

was, based on the captured values at a given point (date of HSR) and what the potential habitat 

was based on the geophysical factors of the estuary (BoPs, exposure, slope, depth) given the date 

of the data used. As coastal estuaries are highly dynamic environments, the HSRs recorded a 

single instance of conditions. The geophysical factors, however, are generally considered more 

permanent conditions, thereby allowing them to act as a benchmark for which to assess temporal 

habitat changes against.  

With the individual PHSMs each showing potential habitat extent at the DFO FMA level, the 

coastal inventory model was used to look at potential habitat at the individual estuary level. 

Using the models to explore DFO FMA-level habitat extent did not reveal large scale disparities 

of ecological capacity, given the geophysical factors present between the three study areas. 

However, by analyzing the PHSMs at the individual estuary-level it can be seen that the 

availability of actual estuary and PHSM habitat varies greatly between the key salmon systems 

on the WCVI. Therefore, this finer scale of analysis may be more appropriate for relating these 

kinds of habitat studies to nearshore juvenile chinook habitat use, as at this finer scale, the 

availability and extent of these habitats can directly influence out-migrating juvenile chinook. By 

looking to identify the potential location of critical habitat, this research has also quantified the 

occurrence of potential site-level disparities among key salmon estuaries on the WCVI, and as 

such, potentially identified limiting factors in the availability of nearshore habitat for both the IS 

and juvenile chinook.  
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For estuaries showing limited actual habitat capable of supporting one of the IS  (such as 

mudflats or water), it may indicate that this is a limiting factor to early juvenile survival and that 

juveniles may quickly leave the estuary in search of vegetative coverage and prey. This forced 

migration would be both energetically taxing and expose the vulnerable smolts to increased 

predation. This raises the question of the carrying capacity of the nearshore environment, a 

concern that was already in the minds of those working on the WCVI (R. Dunlop, personal 

communication, 2019). With the 2010 Sarita River Habitat Status Report having indicated that 

estuary habitat was a limiting factor in the survival of out-migrating juvenile salmon (Berry, 

2010). Interviews conducted during the HSR revealed that the estuary had become degraded and 

lost habitat complexity as a result of high sediment run-off from the river, and this had led to 

losses of eelgrass and kelp beds (Berry, 2010). From Figure 56 it can be seen that Sarita estuary 

was close to the average area for the WCVI estuaries in this research (Sarita 0.70 km
2
: Average 

0.76 km
2
), but that it was below average for water and mud habitat (Sarita- (W) 0 km

2
, (M) 0.08 

km
2
, and (M+W) 0.08 km

2
: Average (W) 0.20 km

2
, (M) 0.13 km

2
, and (M+W) 0.33 km

2
). In 

terms of percent coverage mud habitat covered only 10% of the estuary, suggesting that there 

may be limited available habitat for the IS. These results appear to corroborate the information 

shared during the HSR interviews, regarding the in-filling of the estuary, warranting further 

study to determine the true impact of this in-filling and actual habitat losses. Using ground-

truthing others can both validate the effectiveness of their PHSMs and assess the availability of 

these VMEs in the nearshore. With some of the HSR’s findings now more than a decade old, 

there is a need to revisit this  and assess the current ecological status of the estuaries within the 

region.  

To look at habitat connectivity, the coastal inventory model was used to calculate the available 

PHSM habitat in proximity to the estuary. These results are subject to bias due to the various 

sizes of the estuaries, which dictate the size of the surrounding buffers, and the overall landscape 

around them, which dictates the availability of marine habitat. For those smaller estuaries located 

at the head of narrow channels, this meant that the area of the buffers was smaller, as was the 

available marine habitat for which IS to occur. Future iterations of the model should look to 

standard the buffers using the average size of the estuaries to construct the buffer from, as well as 

a standard percent of available marine area. From the results, it can be seen that Sarita (2007) 

had the largest amount of potential eelgrass within 1 km, while Conuma (2013), Cypre (1994-

2012), and Sarita (2007) all had similar levels of potential eelgrass within 5 km of them.  With 
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the 2010- Sarita HSR indicating that one of the limiting factors in the estuary was the loss of 

eelgrass, the above findings may suggest that suitable habitat exists just beyond the estuary. 

Therefore, residency time for juvenile chinook may be reduced as they move out into these areas.   

Cypre estuary (1994 & 2012) had the largest amount of potential kelp, within both 1 km and 5 

km. Interestingly, Kennedy (2016) and Tranquil (1994 & 2012) estuaries had large amounts 

of potential kelp within a 5 km proximity, but average amounts of potential kelp within 1 km.  

As mentioned above, the size of the estuary creates a bias for the buffers, and the landscape 

around the estuary creates a bias for the available IS habitat. This may be the case among each 

of the estuaries showing the highest levels of kelp. This may also be the case for PSL 

burrowing habitats, as Cypre (1992 & 2012) had the largest amount of PSLB within both 1 

km and 5 km. 

These findings alone are not truly suggestive of habitat connectivity, but they do offer some 

insights into areas that may provide limited nearshore habitat, and thus increase juvenile 

mortality. With landscape ecology recognizing that habitat connectivity is a combination of the 

amount of habitat patches, the distance between habitat patches, the configuration of habitat 

patches, and the influence of patch edges (Grober, 2010) further work needs to be done in these 

areas to understand how these factors affect habitat use by juvenile chinook. Additionally, 

further connectivity studies will provide insight into the carrying capacity of the individual DFO-

FMAs.  

With the region having two predominately enhanced systems and one wild, it is of interest to 

understand if there are geophysical differences between them. From the PHSMs it can be seen 

that potential habitats for all three species did not vary significantly between the three DFO-

FMAs, however, when the amount and percentage coverage of PHSM habitats was explored at 

the individual estuary-level, dissimilarities became more apparent. To summarize these, the 

estuaries were all ranked on their amount of and percent coverage of PSHM habitats, Kennedy 

(2016) ranked that lowest for both categories, which was consistent given that it had the lowest 

amount of calculated actual and potential habitat. The estuary itself wasn’t the smallest, but it 

had no water habitat and low levels of mud. Further analysis of these disparities may reveal that 

changes have occurred within the estuaries. As Kennedy (2016) was also the most recent HSR, it 

would be expected that this system could have undergone extensive habitat change, given the 

period  between the ShoreZone and the HSRs. Therefore, further studies should look to conduct 
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field studies to determine the amount of existing habitat and its status, available to wild and 

hatchery fish. Thus, allowing them to determine if any of the region’s systems (DFO FMAs) 

have a naturally lower carrying capacity, or if alternate factors, like habitat loss are at play. 
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10  Discussion- PHSM & IS 

The cumulative work undertaken in each subsection of this research was aimed at answering the 

initial two research questions identified in section 7.0. First, this research aimed to determine if  

“The spatial modeling of IS be used to indicate the potential occurrence of critical nearshore 

chinook on the West Coast of Vancouver Island?” With habitat and prey availability understood 

to be proxies for habitat-use, this research proposed that the potential habitat of the IS studied 

herein, may be suggestive of potential nearshore habitat co-occurrence with juvenile chinook. 

Sections 7.0 and 8.0 provided the theoretical evidence to support this claim, while Section 9.0 

(9.1-9.4) provided the workflows and empirical evidence to support this claim. Therefore, this 

section will sum up this earlier work and identify how the results modeled can be used to support 

the SRTs in future chinook salmon conservation and management initiatives on the West Coast 

of Vancouver Island. Second, the results of the coastal inventory (sub-section 9.4) were used to 

highlight the variability in potential geophysical habitat (PSHM), actual geophysical habitat 

(HSR estuary), and the intersection of the two. This provided an indication of which estuaries 

may be best suited to support indicator species growth and use. This section will, therefore, use 

the results of that to comment on  the second question, “Does potential disparities exist in the 

availability of critical nearshore habitat for juvenile chinook along the WCVI?” If so, are these 

disparities apparent at the multiple spatial scales, such as the regional scale of the DFO-FMAs or 

at the local scale of an individual estuary? Does this relate to the stock-status of that system? 

And its corresponding juvenile survival rates? 

10.1  PHSM of Nearshore Indicator Species 

Successful management and conservation are reliant on understanding which natural habitats 

support species of conservation concern or economic importance (Lourie and Vincent, 2004). As 

such, a great deal of conservation efforts, from the local level up to international efforts, develop 

their mandates around defining and managing important habitats (Lourie and Vincent, 2004).  

However, the identification of a species' habitat and the attributes that define it continues to 

challenge managers due to insufficient research and knowledge around species biology, 

distribution, and habitat use (Sharpe et al., 2019). In Canada, the SARA requires that designated 
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species have defined 'critical habitat.' However, a recent review of SARA designated species 

showed that 62.9% lacked this information, meaning that there was no formal definition of key 

habitat upon which to base conservation efforts (Bird and Hodges, 2017; as cited in Sharpe et al., 

2019). Where boundaries are fluid, like in marine environments, the challenges of identifying 

critical habitat are more pronounced (Sharpe et al., 2019). Especially when the species of 

concern are highly mobile or migratory and utilize several interconnected habitat systems 

(Sharpe et al., 2019). Impeded by limited capacity and resources,  researchers and managers have 

increasingly sought to define key habitat components or 'indicators' to fill these data gaps 

(Sharpe et al., 2019). For these ecosystems, components can be used to quantify species-

environment relationships, which are vital for predicting species occurrence or density at 

unsampled locations using predictive models (Sidding et al., 2016).   

Tracking juvenile chinook throughout the nearshore is both a fiscal and resource-intensive 

process, which involves the tagging and tracking of individual fish. However, given the 

number of unique runs and limited capacity, this is not a viable method. Therefore, there is an 

urgency to identify those habitat-related indicators for juvenile chinook, which will allow for 

proximal habitat estimations.  To address this need, this research has shown how PHSM can 

be used to construct models based on the specific geographical and environmental 

characteristics of species, to determine their potential habitat needs. With the literature having 

indicated juvenile chinook's affinity for vegetated habitats such as eelgrass and kelp, and their 

dependence on forage fish, such as PSL, this research used known environmental parameters 

to model the preferred habitats for these species along the WCVI. For by modeling the present 

extent of these IS, research can begin to focus on the status of these habitats, as their condition 

may shed light on the declining patterns of early marine survival being recorded in WCVI 

salmon. Therefore, the use of PHSM may act as a 'launch point' to initiating EBM, preserving 

an ecosystem's integrity  (Greene et al., 2005). Beyond identifying critical habitats for species 

PHSM, also have the potential to forecast when and where spatial ontogenetic shifts may 

occur in response to local environmental changes or larger scale changes associated with 

habitat loss (Sidding et al., 2016). By understanding these factors and the pressures facing 

salmon, PHSM is a valuable tool to support management decisions and conservation actions 

moving forward (Sidding et al., 2016). 
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10.2   Indicator Species as Proxy for Critical Habitat 

With DFO moving away from single-species management approaches and adopting a more 

holistic and integrated EBM approach (WSP, 2018), the need to understand the spatial 

distribution of salmon and their associated habitats (throughout their various life history stages) 

has increased exponentially. Along with this, so too requires the availability and access to quality 

ecosystem spatial data to accommodate this. With the gathering of marine data known to be 

notoriously difficult and costly, this has seen DFO focus mainly on the development of 

ecosystem-related indicators and science-based tools to allow them to mimic critical, real-world 

conditions within a marine system functionally. Taking lessons from both landscape ecology and 

biogeography, DFO has adopted the ecological niche theory, which states that “a species survival 

is dependent on the accessibility of a predefined set of conditions for it to reproduce,” with the 

understanding that these conditions are shaped by both external environmental conditions and 

internal population-level factors (Lourie and Vincent, 2004). Based on this definition, salmon 

have a specific set of environmental conditions needed for their survival, and that these are a 

combination of geophysical, biological, and ecological factors. Therefore, by identifying these 

factors, it is realized that their combined presence may be indicative of salmon habitat. With 

static geophysical or biological factors, such as a  benthic substrate or particular marine flora, 

more straightforward to monitor than mobile fish populations, the research suggests that they 

may indeed be applicable as indicators for determining critical salmon habitat (Sidding et al., 

2016). With the estuary inventory in section 9.4, having looked at the accuracy of the PHSM to 

predict juvenile habitats from the HSR layers, including juvenile salmon habitat,  juvenile 

chinook habitat, and critical juvenile chinook habitat, it was noted that both the eelgrass and 

PSLB models were able to predict each of these habitats with a high level of accuracy within the 

estuaries. Although the PHSM for kelp did not show a high level of accuracy, this is because the 

habitats were limited to the estuary, and most of the potential kelp habitat was predicted beyond 

these areas. With the marine RISK assessment commencing, PHSM could be used to indicate 

areas of kelp habitat and potential juvenile salmon co-occurrence beyond the estuary. With 

research having shown that chinook moves into deeper waters by fall and that they have an 

affinity for vegetated areas over non-vegetated areas (Duffy, 2009), PHSM could be used to 

reveal migration corridors or ‘ontogenetic stepping-stones’ throughout the nearshore.  Using this 

information as a launch point, researchers could then look to sample for actual presence. If in situ 

samplings corroborated the use of these species as indicators of juvenile chinook habitat, then 
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future monitoring programs could be developed to track changes in these species as they respond 

to environmental conditions. With the coastal region far too expansive to protect in its entirety, 

by expanding seascape and habitat studies beyond estuaries will allow for the identified and 

incorporated of key migration pathways into the management planning of critical coastal areas.  

10.3  Habitat Disparities at Multiple Scales 

For the second part of this research, PHSM was used to explore if natural variances occurred in 

the availability of nearshore habitat on a regional-scale and also on a local scale. Marine systems 

are dynamic by nature, and the nearshore often more so, as it is the interface between the marine 

and terrestrial realms. Thus, natural variability and fluctuations in the system and its habitats are 

the norm. However, as the coastal zone becomes increasingly populated and developed, 

alterations in the nearshore have accelerated. With early marine survival now known to be a 

critical bottleneck in salmon recovery (Nahirnick, 2018), understanding where and how salmon 

use the nearshore has become the focus of the WSP as this will be used to guide protection and 

recovery efforts. The results from each of the individual PHSM sub-sections indicated that 

between the three DFO-FMAs under study, there might potentially exist regional level 

differences in the amount of nearshore habitat coverage for each of the three IS. PHSM eelgrass 

coverage ranged from 15.24% up to 23.8%, PHSM kelp coverage ranged from 42.94% up to 

82.45%, and PHSM PSLS and PSLB coverages ranged from 36% up to  55%, and 18.76% up to 

33.31% respectively. Clayoquot Sound was the largest of the three DFO-FMAs by area and had 

the largest amount of potential habitat for each of the three IS. However,  Nookta Sound, being 

the smallest DFO-FMA by area, was found to have the greatest proportion of potential of all 

three IS habitats within its available nearshore area. Barkley Sound fell between these two in 

terms of both area and proportion of potential IS habitat for all calculations, except potential 

eelgrass habitat, where it had the lowest area and proportional coverage.  

Both Nookta and Barkley Sounds having undergone extensive logging, the results of this 

study may suggest that this has regional level impacts on the nearshore, potentially altering 

the geophysical nature of this area. The implications of this may include altered benthic 

substrate distribution from sediment run-off and river washouts, which would alter overland 

and nearshore water flow, changing the depth and slope of the shoreline. Potentially 

smothering vegetation or reducing oxygen levels within sediments. This could also potentially 

reduce light penetration, limiting the depth of photosynthetic marine flora species.  With the 
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results of the PHSM suggesting Nookta Sound had the highest proportion of potential 

nearshore IS habitat, it would be of value to field test this to determine if habitat destruction is 

the main limiting factor at the regional level. 

The estuary inventory model was developed to explore local level variances of PHSM IS at 

the estuary level. Using the newly acquired HSR estuary layers, the model was able to 

calculate the amount of actual and potential habitat (meaning suitable geophysical factors) 

available within thirteen of the critical chinook systems on the WCVI. The results of this 

modeling indicated that possible variances in the amount of actual and potential habitats 

between these systems were present. With the estuaries ranging in both size and proportion of 

actual available habitat and potential habitat for each of the three IS, it is apparent that, as 

expected, there is a level of natural variability between estuaries. This variability is the result 

of the geographical landscape in which they are set, with some estuaries being wide and 

shallow (distance from shore to outer edge), while others are narrow and deep. Due to this, the 

model calculated that some estuaries indicated no actual available habitat, while other 

estuaries were almost actual habitat. For those estuaries that the model indicated as having 

none or minimal actual habitat,  some of those estuaries did, however, indicate having 

potential habitat. This discrepancy could potentially indicate that conditions within the estuary 

had changed from the date of the ShoreZone Inventory and hydrographic surveys used to 

derive the geophysical variables, to the date of the subsequent HSR assessment. With some 

estuaries having two layers, these habitat changes were captured by the model as differences 

in the area of actual available habitat and potential habitat within the estuary. For those 

estuaries indicating potential IS habitat or showing a loss of IS habitat, managers should 

consider restoration as these results are potentially suggestive of a loss in capacity of the 

system to support both IS and subsequently, juvenile chinook. With the Parks Canada drone 

imagery able to successfully capture eelgrass beds using imagery analysis software, this 

method could be applied to update the HSRs and annually document changes within these 

estuaries. Boat and dive surveys could then be used to validate the imagery and also sample 

the substrate to determine suitable areas for replanting’s. There has been recent success with 

eelgrass restoration in the Salish Sea by the Islands Trust and SeaChange Conservation 

groups, resulting in the publication of a restoration guide to support future efforts.   

The model also looked at the proportion of habitats within the estuary, and it showed that 

some estuaries had a tiny percent of suitable habitat conditions. In contrast, others were 
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almost entirely suitable for one or more of the IS. Looking at the data this way offered an 

understanding of the functional proportion of the estuary in terms of supporting IS or critical 

habitat. From this information, managers can determine whether the entire estuary is 

providing suitable habitat or if only a small percentage is. For those estuaries where only a 

tiny proportion of the area was suitable habitat, it is vital that that area not be lost or 

developed, as the rest of the estuary is not ecologically equivalent, as it lacks the natural 

conditions to support salmon. In terms of habitat loss and carrying capacity, the results of the 

individual IS models, and the estuary inventory indicated that some estuaries appeared to have 

a higher capacity to support IS, and thus potentially juvenile chinook. With the ranking of the 

estuaries on the availability of habitat and the percent coverage of habitat, it was seen that 

Kennedy estuary had the least amount of actual and potential habitat area, and also the 

smallest proportion of the estuary as actual or suitable habitat. For systems such as this, 

restoration of lost habitat may not be possible as key conditions may be missing from the 

system. In these systems, it may be best to protect the existing habitats and also look to 

safeguard those in proximity, as they may be vital in supporting juvenile chinook once they 

leave the estuary. Here is where the question of seascape connectivity becomes a factor, 

warranting further studies.  

Most of the systems have now become hatchery enhanced in some capacity. PHSM, such as 

those done here, are important to understand the availability of nearshore habitat and the 

natural capacity of a system. These factors will have implications on prey abundance, inter 

and intraspecies competition, between both wild and hatchery fish, and refuge from predators. 

It is of value then to understand when prey abundances are highest to release hatchery fish, so 

that competition may be lessened and not a limiting growth factor. Additionally, for those 

estuaries that have shown habitat loss between HSR assessment dates, this could be 

suggestive of declining juvenile survival rates and ultimately returning spawner numbers, that 

precipitated the need for enhancement. Therefore, for these efforts and salmon management 

overall, to be successful, habitat alteration and destruction need to be addressed.  

In conclusion, this research took the first step in modeling potential suitable habitat and 

identifying critical habitat, using IS. The models produced were simplistic vector-based 

models that were tested for accuracy using empirical field data. From the models, it was 

shown that potential disparities in IS/critical nearshore habitat exist at both the DFO-FMA 

level and at the estuary level. However, the significance of these findings has yet to be 
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statistically determined. This is the critical next step after statistically validating each of the IS 

models. To do so, this will require that all of the models be converted to raster-based models 

and that map algebra be applied to generate suitability surfaces. These surfaces can then be 

assessed using the geostatistical tools available within ArcGIS, such as Generalized Linear 

Regression, or Ordinary least Squares, to evaluate the significance of each geophysical 

variable at predicting habitat.  

10.4  Validation of PHSMs 

Validation of PHSMs is critical to assess their accuracy and effectiveness as a managing tool. 

Luckily, validation in GIS supports several techniques, including either field validating or 

statistical analysis methods. Efforts to validate the PHSMs developed in this research looked 

solely at the first form of validation. To do this, data was acquired that was at least one of the 

following: the most recent, complete coverage (coastwide), or collected using best practices. 

Described as “a black hole,” the WCVI is relatively data deficient in several areas regarding 

habitat and geophysical factors data. Those data that do exist are limited in coverage, out-dated, 

lacking metadata, or have been collected using a variety of techniques. This presents a challenge 

for others looking to do PHSM at various spatial scales. From the Park’s Canada and Hakai 

Institute eelgrass study, it is apparent that the use of drone technology for capturing imagery 

offers a lower-cost solution for capturing the often missing, localized, nearshore conditions 

required. While this technology is not without cost and a need for technical training, through 

partnerships such as the Park’s Canada and Hakai Institute, others can collaborate to share this 

technology. For the WCVI, this means that others working in this ‘white strip’ will be able to 

capture or access this much needed, missing data. With the ShoreZone dataset presently being 

updated in the Salish Sea, it is believed that the potential extent of change documented between 

the updated and original, will provide vital insight into the rate of coastal modification that has 

taken place. Having this timespan data will highlight those coastal areas where the most 

significant changes have occurred and may also reveal the causes behind it. Therefore, it is felt 

that given the vast amount of foundational data captured in the ShoreZone inventory, it should be 

a priority of the federal and provincial governments to see that it is routinely updated for the 

entire coast.  
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As stated above, the next step is to convert these vector-based models into raster-based models, 

with surface outputs which can then be statistically validated, for this will provide researchers 

further confidence in the capacity of the models to predict the IS habitats. Statistical validation is 

also needed to ensure that the input factors are the best fit for predicting IS, by calculating the 

level of influence of each element and the various combinations of factors in predicting suitable 

habitat.   

10.5  Limitations 

The quality of a model is only as good as the quality of the data used to produce and validate it. 

Therefore, by seeking to account for all factors, models require increasing amounts of input data. 

This increases the potential for error exponentially, given that the source of the data, the method 

of collection (remote sensing, boat-based sampling, or underwater tows), or the interpretation of 

the analyst is all susceptible to error. This inherent risk makes communicating data transparency 

vital when sharing data results, as this allows others to understand the processes involved in its 

development. Through the use of metadata, users can understand the processes involved and the 

potential sources of error. This provides confidence in the data and allows the user to gauge 

whether or not it is appropriate for their needs.  

The credibility of the results from PHSM is strongly correlated to the spatial scale at which 

model predictions are interpreted (Greene et al., 2005). Meaning pattern detection is a product of 

the scale selected for analysis. With scale impacted by data quality (availability and collection 

methodology), spatial resolution (cell size or minimum mapping unit,) and thematic resolution 

(level of detail in patch composition) (Grober, 2010). When modeling species-related potential 

habitat, appropriate scale selection should be done a priori and correspond to the spatial scale at 

which both the physical processes and the individual requirements of the species occur 

(Anderson et al., 2016). Assessing potential habitat coastwide to relate it to juvenile salmon use 

of the nearshore is inappropriate given the known migration distances of juvenile salmon and 

coarse scale at which coastwide spatial data may be available. In the future, refinements in 

PHSM should look to employ data at a resolution relative to the true scale of the localized 

species distributions under study, as a means to increase modeling accuracy (Anderson et al., 

2016).  For those species, such as kelps and eelgrass, whose distributions are dependent on 

defining benthic habitat, this means that the use of higher resolution bathymetric data will 

improve the accuracy of these calculations. Thus, overall enhancing the accuracy of benthic 
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terrain variables like rugosity, slope and substrate that are derived from it. In the interim, 

transparency in modeling limitations must be communicated as not negatively to impact decision 

making based on the results.  

With the age and the spatial scale of the data having been shown to impact the results of this 

research, the SRT should understand that the estuary model predicts the geophysical capacity of 

the nearshore at the time of the Shorezone Inventory and hydrographic surveying inputs. In 

contrast, the time of data collection for the layers used to validate the models offers a different 

picture of both the geophysical capacity. This will be valuable when looking to understand the 

changes in the nearshore and how it has impacted juvenile chinook survival over the past few 

decades. While PHSM is not without limitations, efforts are underway to improve the 

effectiveness and usability of PHSM. At present, PHSM is just one tool, in the tool shed, upon 

which researchers can use to support the conservation and management of a resource. 

Additionally, it has been shown that communicating the results of the models to a non-technical 

user may present challenges. In non-technical users, potentially not attuned to interpreting 

information impartially, the colorful outputs can give a false sense of the accuracy of the data 

and mask bad data (McCall, 2004). Greene et al. (2007) proposed that the use of GIS metadata 

alone, may be ineffectual to communicate scale and accuracy to non-technical users (such as 

managers). The authors (2007) instead suggested that it would be better understood if visually 

presented as an associated map layer with attributes such as type, quality, scale, and collection 

methods displayed in tabular format. At the same time, the bathymetric raster used for this 

contained these accuracy-associated attributes, that indicated the data sources used and the 

confidence in the BType as a value between 0-1. This is useful to allow for poor confidence 

areas or older sampling methodologies to be queried, highlighting areas that may require further 

investigation before making judgments based on the substrate classification of the BoPs layer. 

Generating Thiessen’s Polygons as a means to create a potential area for ShoreZone substrate 

and exposure layers, is a method of interpolation that assumes that the values of unsampled 

locations are equal to the value of the nearest sampled point (Tatalovich, Wilson and Cockburn, 

2006) and is at best, the most probable extent of area for each shore unit segment. However, this 

method does introduce potential sources of error into the models as these are hypothetical areas 

rather than measured areas collected through field validation. Shoreline features not captured at 

the scale of ShoreZone such as submerged rocks, freshwater inputs, or coastal modifications and 
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developments may impact the exposure and or substrate at a given location along the coast as 

such creating localized variances that would be undetected by these models. Given the effort and 

cost put into the ShoreZone inventory, efforts were taken to reduce classification errors of the 

data, This involved the use of both real-time visual assessment and reviewed video analysis, to 

minimize interpretation errors among those collecting the inventory.  This process also used a 

group of experts to make classifications whenever possible, to remove bias.  However, as 

satellite and drone imagery becomes more readily available for nearshore classifications, the 

accuracy in this area will increase. This means that the accuracy of models using such data will 

also increase and translate to improved decision-making overall. 

10.6  Further Questions  

Efforts are currently underway on the WCVI (J. Dick, personal communication, 2019) to gain a 

better understanding of the key roles that the composition and configuration of eelgrass and kelp 

habitats play in the ecological species-environment relationship between juvenile salmon and 

these nearshore marine flora systems (Holland et al. 2005; Thrush et al. 2005). With fifteen key 

chinook watersheds having been identified along the WCVI, marine-based aimed at determining 

spatial patterns and tracking changes in these habitats (RISK assessments) are set to begin as part 

of both DFO’s WSP (2018) and the recently announced chinook rebuilding plans. Given juvenile 

salmon's heavy reliance on these VMEs, it is hoped that the PHSM of these habitats may be 

valuable in correlating the spatial and temporal movements of juvenile chinook in the nearshore 

and identifying critical juvenile salmon habitat (Holland et al., 2005). With the PHSM done in 

this research, this has proven effective at identifying potential habitat and capturing actual habitat 

(through empirical validation). Therefore, it is felt that incorporating PHSM into the upcoming 

RISK assessments, will aid in the identification of critical habitat and support the conservation 

and protection of these VMEs. Thereby ensuring they can continue to support the early marine 

survival of juvenile chinook.  Further work is needed on marine estuary habitat and its links to 

water quality, food availability, and historic salmon numbers (E. Gregr, personal 

communications, 2019). With the current lack of data on seascape structure and connectivity 

along the WCVI, Gregr, and Chan (2011) suggest that others should first concentrate on 

identifying and protecting VMEs, as this will then highlight further data needs, and catalyze 

additional data collection efforts.  
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Additionally, looking at anthropogenic impacts on estuaries and their effects on seascape 

connectivity may shed light on how to restore degraded systems. With current federal regulations 

focused on a ‘No net loss’ policy for VMEs such as eelgrass, developers must only show that 

projects will not reduce habitat or that they will offset losses with restored habitat elsewhere. 

This minimum requirement, however, fails to account for the importance of seascape structure 

and connectivity within the existing system.  Given the prospective power of PHSM to link fauna 

and seascape patterns, Grober- Dunsmore et al. (2010) identifies four future exploratory  

questions concerning seascape connectivity that should be investigated: 

(1) ‘How does the spatial patterning of the seascape influence habitat connectivity for 

juvenile salmon?’ 

(2) ‘What are the factors that inhibit or facilitate exchange or flow of materials and 

energy among spatial elements of the seascape, and how do these impact juvenile salmon 

use of an area?’ 

(3) ‘How does the loss of habitat or change in habitat configuration alter connectivity and 

thus change the functioning of the seascape for juvenile salmon?’ 

(4) ‘What and where are the optimally connected seascapes, available to juvenile 

salmon’?  

The authors suggest that answering these questions will increase our understanding of how 

juvenile salmon respond to and interact with their environments and increase our capacity to 

manage them. 
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11  Conclusion- PHSM & IS 

Given the importance of the nearshore to support both out-migrating juvenile and returning adult 

salmon, there is an urgent need to understand how these species use this habitat (Rahr, 2019). 

With ocean-going chinook having been found to have more extended nearshore residencies than 

previously thought, their level of access to the suitable quantity and quality habitats and prey 

species within this region directly influences the success of the populations and early marine 

survival rates.  With the nearshore zone increasingly undergoing alteration, destruction and 

fragmentation, key habitats for salmon are being lost. For instance, globally estuaries are one of 

the most frequently altered habitats of the last century (Sharpe et al., 2019). A trend that is 

predicted to increase, with  83% of  estuaries along the coast of North America predicted to be 

lost due to sea level rise by the end of this century (Sharpe et al., 2019).  This figure highlights 

the time‐sensitive nature of this problem and the need for further understanding around the role 

of habitat for estuary species such as juvenile chinook salmon (Sharpe et al., 2019). With high 

estuary productivity linked to rapid growth among juvenile salmon (Weitkamp et al., 2015; as 

cited Sharpe et al., 2019), and estuary degradation and low productivity linked to decreased early 

marine survival rates (Riddell et al., 2013), these habitats must both be available and functionally 

capable of supporting juvenile salmon. Given this, researchers must continue to identify and 

understand the significance of these nearshore habitats to the various species dependent on them. 

What defines suitability is dependent on a variety of factors such as water quality, temperature, 

benthic composition, spatial habitat arrangement, tidal dynamics, and trophic interactions. With 

the fifteen key chinook systems on the WCVI, their associated estuaries are the single marine 

entry point for the entire watershed. This means they are required to support each of the 

numerous populations and species of salmon from upstream. Habitat use is distinctive among 

salmon species, size/age class, and populations, with juvenile chinook considered to be the most 

estuary dependent of the species (Weitkamp et., 2014; as cited in Sharpe et al., 2019). With the 

natural suitability of a habitat dependent on a variety of factors such as water quality, 

temperature, benthic composition, spatial habitat arrangement, tidal dynamics, and trophic 

interactions, conditions are constantly in flux and not always conducive to supporting juvenile 

salmon.  
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Given that monitoring for each of these factors is not feasible in perpetuity, researchers have 

taken to identifying indicators of ecological health. With both eelgrass and kelp having been 

identified as IS, which are sensitive to environmental change and being preferential habitat 

choices of juvenile chinook, the monitoring of these species is felt to be an appropriate surrogate 

for monitoring the quality of nearshore habitats such as estuaries (Kennedy et al., 2018). 

Additionally, other habitats such as sand flats, can contribute key prey sources to juvenile 

chinook, as both important invertebrate and forage fish prey utilize these areas in the nearshore 

(Thedinga et al., 2011; as cited in Sharpe et al., 2019). Thus, these habitats are also felt to be 

indicators for the species dependent on them, such as PSL. Even with the understanding that 

these habitats are important to juvenile salmon, this has not translated into a solid understanding 

of where, how and when these habitats are utilized. This is since each of these habitats may 

potentially cover vast, and often remote expanses of the nearshore, thus there is still a need to 

identify their occurrence.  

With the rise of geospatial technologies in fisheries management, habitat modeling has become a 

way to address gaps in knowledge in the marine environment. Referred to as habitat suitability 

modeling, it is a technique which employs the interactive spatial and visual capacity of GIS to 

reconstruct habitats based on a suite of environmental parameters. Through the development of 

increasingly complex models, geographic information science is continually striving to capture 

ecological processes, cumulative forecast impacts and predict outcomes of varying management 

and MSP scenarios, for the goal of strengthening EBM (Gregr and Chan, 2011).  To a degree, 

this is a valiant goal; however, with increased complexity comes increased resource intensity 

(Gregr and Chan, 2011). That limits the capacity of non-technical users and decision-makers to 

grasp the parameters of the model entirely. Yes, in some instances the development of better 

models will improve management efforts; however, in other instances, such as identifying and 

protecting critical juvenile chinook habitat, this species cannot wait for improved data access and 

modeling development until decisions are made. In their report, Gregr and Chan (2011) stated 

that it is unrealistic to think that the key to effective EBM lies solely in our ability to measure 

and model the complexity of the natural world. With salmon known to migrate vast geographic 

ranges along the WCVI,  investing in the development of predictive models needs to be both 

strategic and realistic, to what data is needed, where funding and resources should be allocated, 

and what the results may bring to the table, before investing in their development (Gregr and 
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Chan, 2011). In the interim, simple habitat forecasting models can still offer valuable insights 

into future states, or responses to environmental change. 

As discussed in the first half of this research, GIS has grown to become a powerful tool for 

fisheries management. Having been adopted at the highest organizational levels, This suggests 

that GIS can also align with the goals and objectives of lower-level participatory groups such as 

the SRT. With the rise of web-based platforms reducing software costs and increasing data 

sharing over the internet, the renewed commitment to ocean protection and salmon recovery will 

continue to promote web-GIS as a tool for enhanced decision-making. As other participatory 

governance groups, such as the SRTs, look to commit to more localized management planning 

and actions, PHSM is a tool that can assist them with field studies. PHSMs have proven valuable 

tools for identifying the spatial boundaries of habitats, tracking temporal changes in use, and for 

predicting responses to environmental change by both habitats and the species dependent on 

them. 
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In Summary 

This research was done in two parts to highlight different aspects of salmon management. Part 

One looked at exploring the capacity of the SRTs to develop place-based management solutions 

tailored to their unique geographical, ecological, and social conditions to restore wild salmon 

populations on the WCVI. Having showcased the uses and value of web-based DSTs and 

conducted interviews to gather information around the needs of the SRTs, this research has 

provided a list of recommendations for enhancing MERGs capacity to support the SRT. 

Adoption of MERG, will provide an interactive online platform for sharing and communication 

information. It is felt that this will increase collaboration, foster  continued relationship building 

and reduce conflicts around the clarity of issues and places where user groups overlap. 

With access to data vital to the decision-making process and ultimately the success of 

management actions, the SRTs participants were asked specifically about their data needs. With 

salmon habitat data being identified as the most pressing spatial need of the SRTs, and also one 

of the most challenging to access or none existent. Therefore, Part Two looked at the use and 

value of PHSMs to predict potential habitat occurrence of key indicator species known to support 

juvenile chinook in the nearshore. The results of these efforts indicated both potential regional 

differences at the DFO-FMA level and local differences at the individual estuary level may exist 

for growth limiting factors of IS.  Although not conclusive, these potential disparities warrant 

further study. The capacity of these IS were assessed using the defined juvenile salmon habitat 

data from within the HSRs. With two of the IS habitats being able to accurately predict juvenile 

salmon, chinook and critical chinook habitat within the estuary, these habitats appear to stand as 

suitable proxy for the presence of critical juvenile chinook habitat. 

The HSR layers have potential to provide numerous other field validations for testing PHSM 

efforts. As such these newly available spatial layers will offer the SRTs and others the access 

they need to key habitat data. Besides, this data will be valuable to the  SRTs, in guiding them 

with their upcoming monitoring efforts, by allowing them to coordinate resources, prioritize 

efforts, and move towards  more effective protection and restoration management of these 

critical habitats. With the HSRs going to be available in MERG, it is suggested that WCA 
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work towards enhancing the usership of MERG by the SRTs, to enhance their collective 

spatial literacy, so that they may capitalize on the HSRs data. For both of these will enhance 

their comprehension of the challenges salmon face within their regions. 
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Appendix C- Salmon Roundtable Participant 
Questionnaire 

 

 

West Coast Aquatic  

Researcher: Rheanna D. Drennan, Masters Student 

Contact information:  

Rheanna18@uw.is Victoria B.C. (250) 812-5025 

Tawney Lem: Tawney@westcoastaquatic.ca Port Alberni B.C (250) 723-0708 

Funding: This  was funded by West Coast Aquatic to support the sharing of collaborative 

expertise and knowledge amongst First Nations, local, scientific and government participants at 

the Salmon Roundtables. The common goal of the Roundtables is to foster opportunities for 

place-based decision making and the co-management of wild salmon resources on the West 

Coast of Vancouver Island.  Information gained from this survey will be used to support the 

integrated management, protection and restoration of salmon resources, by increasing the 

capacity and use of the Marine Ecosystem Reference Guide (MERG). This will support West 

Coast Aquatics’ goals to enhance knowledge sharing, data access, transparency, accountability 

and inclusivity for coastal communities and other persons and bodies affected by aquatic 

resource management decisions.  

 

 

SECTION A: Geographic Information Systems and Data Visualization (8 Questions): 

1. Are you or your organization currently using Geographic Information Systems technology? 

 

Yes No Not Sure 

1 2 3 

2. If yes, are you or your organization a data user or a data provider and/or data owner (e.g. data, 

tools, applications, services).  

Data User:  Data Provider/Owner: Both 

1 2 3 
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3. If you are a data user, how do you use GIS (Check all that apply) 

To view geographic information or spatial data? 1 

To perform simple merges and joins of areas and attribute tables? 2 

To manage databases? 3 

To perform analysis of data using statistical and spatial analysis 

tools? 

4 

To build models and generate modelled scenario outcomes? 5 

To build web applications? 6 

Other (Please Specify): 7 

 

4. If you are using GIS, do you or your organization currently do the work internally or contract 

GIS services from outside of your organization? 

Yes No (contract) Not Sure 

1 2 3 

 

5. If no, what is the reason(s) for not working with GIS (Please check all that apply)?  

 

Unsure of the potential of what GIS may provide 1 

Lack of trained people 2 

Don’t know methods or best practices for GIS / mapping 3 

Cost of software and hardware 4 

Lack of funding 5 

Someone outside of the organization is currently providing GIS 

services 

6 

Remoteness of community to have equipment delivered 7 

Not a priority 8 

Other (Please specify): 9 
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6. Do you think that GIS could/ does positively contribute to the work you or your organization 

does? 

Yes No Not Sure 

1 2 3 

 

7. Is there interest by you or your organization to build or enhance your GIS capacity and use? 

Yes No Not Sure 

1 2 3 

 

8. The use of GIS has a wide range of applications, therefore, in order to increase you or your 

organizations, use of GIS,  In what areas do you require more information?  

 

Where to get educational training  1 

An understanding of where and how to access digital data 

sources 

2 

Methods or examples on applying mapping/GIS technologies 3 

How to fund a GIS software and training 4 

Who else is using mapping/GIS technologies? 5 

All of the Above 5 

Other (please specify)  6 
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SECTION B: West Coast Aquatic’s Marine Ecosystem Reference Guide (MERG) web portal (15 

Questions): 

1. Are you and your organization currently aware of the West Coast Aquatic’s Marine 

Ecosystem Reference Guide (MERG) web portal (If you select no or not sure please skip to 

Q11)? 

Yes No Not Sure 

1 2 3 

 

2. If yes, how did you hear about MERG? 

Web search  1 

Recommendation from another person 2 

Personally, shown some of the map/ information output from 

MERG   

3 

Received a demonstration of MERG from another user 4 

Other (please specify)  5 

 

3. If yes, have you previously used the Marine Ecosystem Reference Guide (MERG)? 

Yes No Not Sure Not Applicable 

1 

 

2 3 

 

4 

 

4. If yes, what was your area of interest within MERG’s databases (Please check all that apply)? 

Fisheries 1 Cultural Information 6 

Marine habitat 2 Aquaculture 7 

Marine species  3 Civic Developments 8 

Forestry 4 Other (Please specify): 9 

Conservation  5   
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5. If yes, based on your experience with MERG, how accessible do you feel the system is to a 

wider audience, regarding its design and functionality. Therefore, do you feel MERG is 

accessible to only a limited group of experienced people or is it accessible to the general 

population? 

 

Limited to experienced 

users 

Accessible to the general 

population 

Not Sure 

1 2 3 

 

6. If yes what are your/ your organizations main use(s) of MERG (Please check all that apply)? 

 

Initial trial of system 1 

General search for specific regional information 2 

Looking to visualize data presently within MERG 3 

As a data visualization tool for uploading external data into MERG 4 

Looking to upload external data and compare it to MERG’s data 5 

Searching for information regarding the work on Marine Spatial 

Planning, InVEST and/or Marxan modelled data in MERG  

6 

Other (Please Specify): 7 

 

7. Did you find MERG usable/helpful with the above-mentioned GIS uses for you/ or your 

organization? 

 

Yes Partially No Not Applicable 

1 2 3 4 
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8. If no, what was your area of interest within MERG’s databases? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________ 

______________________________________________________________________________

______________________________________________________________ 

 

9. On a scale of 1-5, how satisfied are you with MERG’s capacity to meet you/ or your 

organization’s needs for data visualization (1-Very Satisfied, 2- Satisfied, 3- Neither, 4- 

Unsatisfied, 5-Very Unsatisfied, 6- Not applicable)?  

MERG’s capacity to meet you/ or your organizations needs for data 

visualization regarding viewing, overlaying and proximity of data 

1-6 

MERG’s capacity to meet you/your organizations needs for data 

access: regarding the uploading, downloading of visualized data and 

or products  

1-6 

MERG’s capacity to meet you/your organization's needs for the 

analysis of data 

1-6 

MERG’s capacity to provide external links and/or sources of 

information,  or points of contact (metadata) 

1-6 

MERG’s capacity to share information for collaboration 1-6 

MERG’s geographic scope, regarding the amount and location of 

data sources. 

1-6 

MERG’s links to publications, case studies and/or reference 

materials in their online library 

1-6 

MERG’s level of data confidence and accuracy regarding the scale 

of the data 

1-6 

MERG’s availability of recent, up-to-date or best available data 

sources 

1-6 

Other (Please Specify): 1-6 
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10. If you chose 1 or 2 for any of the previous questions, please explain what would improve 

MERG’s capacity to meet your needs?  

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________ 

______________________________________________________________________________

______________________________________________________________ 

 

11. Do you or your organization currently use any of the following marine web portals/data 

catalogues for accessing data (Please check all that apply)?  

 

Habitat Wizard 1 DataBC 6 

MaPP 2 MapIT 7 

BCMCA 3 FISS 8 

PSExplorer 4 Other (Please Specify): 9 

GeoBC 5   
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12. If you use any of the previous web portals, on a scale of 1-5, how satisfied are you with their 

functionalities for: (1-Very Satisfied, 2- Satisfied, 3- Neither, 4- Unsatisfied, 5-Very Unsatisfied, 

6- Not applicable)?  

 

 

 

Marine Web Portals 

capabilities 
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Data visualization 1 1 2 1 1 1 

Data access, regarding 

the uploading/ 

downloading of data or 

products 

2 2 2 2 2 2 

Data Analysis 3 3 3 3 3 3 

Metadata, additional 

information  

4 4 4 4 4 4 

Data sharing 5 5 5 5 5 5 

Geographic scope 6 6 6 6 6 2 

Links to reference 

materials 

7 7 7 7 7 7 

Scale of data 8 8 8 8 8 2 

Up-to-date or best 

available sources 

9 9 9 9 9 9 

 

13. If you chose 1 or 2 for any of the previous questions , please explain what would improve 

these system’s capacity to meet your needs? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

_____ 
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14. If you use any of the previous web Atlases on a scale of 1-5, how satisfied are you with their 

availability of data (1-Very Satisfied, 2- Satisfied, 3- Neither, 4- Unsatisfied, 5-Very Unsatisfied, 

6- Not applicable)?  

 

 

 

Marine Web Atlas capabilities 

B
C
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C
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D
ataB

C
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S
p
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Data access, regarding the printing/ 

downloading of data or products 

directly from Atlas 

1 1 1 1 

Scale of the data and/or products 

available  

2 2 2 2 

Geographic scope of the available data 3 3 3 3 

Links to reference materials (reports, 

websites, etc.) 

4 4 4 4 

Availability and completeness of 

metadata, additional information 

5 5 5 5 

Data confidence: Up-to-date or best 

available sources 

6 6 6 6 

 

15. If you chose 1 or 2 for any of the previous questions , please explain what would improve 

these system’s capacity to meet your needs? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________ 

______________________________________________________________________________

______________________________________________________________________________

____________________________________________________ 
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Section C: MERG’s utility as a decision-support tool for the Salmon 

Roundtables and the future of salmon management on WCVI (15 Questions): 

1. Given your understanding of potential data requirements please indicate what areas of data 

you feel are beneficial for the work you do with the Salmon Roundtables and/or to the Salmon 

Roundtables overall on the West Coast of Vancouver Island (Please rank according to your 

perceived level of importance of the data? 

2. Given your understanding of potential data requirements please indicate to what level you 

believe these categories of data are digitally available for Salmon Roundtable participants and 

/or stakeholders involved in salmon management (Please rank according to your perceived 

level of availability of the data through open source, data sharing or licencing agreements)1- 

widely accessible, 2- Somewhat accessible, 3- Neither, 4- Somewhat inaccessible, 5-Very 

inaccessible)? 

 

Categories of Data 

Indicated as 

Important 

Level of 

Availability 

Hydrography - bathymetry and elevation, topography of submarine, 

geology, coastline, rocks and reefs, substrate, sea areas and boundaries; 

  

Oceanography - tides, ocean currents, winds, nutrients and oxygen, sea 

temperature, salinity and density, water column features, meteorology; 

  

Marine Biology / Scientific - phytoplankton and zooplankton, marine 

ecosystems, biodiversity, marine species and populations, seabirds, 

habitats and geomorphology; 

  

Ecology, Environmental - nature protection, pollution, sewage 

discharge, ocean dumping, seawater intake, ecological functions and 

services, water-quality parameters; 

  

Maritime Governance - Marine Protected Areas (MPAs), maritime 

routes, commercial leases, jurisdictional boundaries, tribally governed 

areas, regulatory use restrictions; 

  

Transportation - commercial shipping, cruise ships, military vessels, 

AIS Systems, navigational aids - charts, lighthouses, buoys, fog signals 

and day beacons; 

  

Infrastructure - orientation facilities, ports and harbor facilities, 

underwater transmission cables, pipelines, power grids, and other 

structures; 

  

Industrial, Commercial - energy production including wind, wave, 

tidal, current, thermal, oil & gas; fisheries, aquaculture, seaweed 

harvesting, forestry, mining extraction; 

  

Tourism, Recreational, Cultural Use - facilities and services for small 

boats, tourist information, diving/ snorkeling/ swimming areas, wildlife 

viewing at sea, archaeological sites, shipwrecks, shore use, nature parks 

and protected reserves, beaches and recreation areas, recreational 

fishing; 

  

Salmon population data- associated habitat,  and status of spawning 

grounds, migratory rivers and estuaries; 

  

Restoration and stewardship work- Past, present and future and 

metadata on outcomes; 
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3. Do you or your organization currently use GIS for its work regarding the Salmon Roundtable 

meetings (If you select no or not sure, please skip to Question 7)? 

Yes No Not Sure 

1 2 3 

 

4. When working with geographic data at what scale(s) are data most valuable regarding your 

needs for the Salmon Roundtables and/or for salmon management overall? i.e. PSF 1:20,000. 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______ 

 

5. Does raster/ imagery data support you/ your organization when working on the Salmon 

Roundtables and/or for salmon management overall? 

 

Yes No Not Sure 

1 2 3 

 

 

6. If yes, what spatial resolution(s) for data are most valuable regarding your needs for the 

Salmon Roundtables and/or for salmon management overall? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________ 
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7. Do you/or your organization currently have an individual account for data visualization, 

sharing or data storage on a decision support tool, regarding you/ your organization’s work for 

the Salmon Roundtables and/or for salmon management overall? 

 

Yes No Not Sure 

1 2 3 

 

 

8. Would the ability to have an individual account for data visualization, sharing or data storage 

on a decision support tool, be of value to you/ your organization’s work for the Salmon 

Roundtables and/or for salmon management overall? 

 

Yes No Not Sure 

1 2 3 

 

 

9. Do you/or your organization currently have the ability to visualize RISK assessment data, on 

a decision support tool, regarding you/ your organization’s work for the Salmon Roundtables 

and/or for salmon management overall? 

 

Yes No Not Sure 

1 2 3 

 

10. Would the ability to visualize RISK assessment data, on a decision support tool, be of benefit 

to you, regarding you/ your organizations work for the Salmon Roundtables and/or for salmon 

management overall? 

 

Yes No Not Sure 

1 2 3 
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11. Do you/or your organization currently have the ability to visualize fisheries closure 

information on a decision support tool?  

 

Yes No Not Sure 

1 2 3 

 

 

12. Would the ability to visualize fisheries closure information on a decision support tool, be of 

value to you/ your organization at the Salmon Roundtables and/or for salmon management 

overall?  

 

Yes No Not Sure 

1 2 3 

 

13. Do you/or your organization currently have funding to support the incorporation of, or 

increased services of a decision support tool, to support the work of the Salmon Roundtables 

and/or for salmon management overall?  

 

Yes No Not Sure 

1 2 3 

   

   

14. If not, would your organization be willing to pay for, provide funding, or campaign for 

funding, for the incorporation of the increased services of a decision support tool, to support the 

work of the Salmon Roundtables and/or for salmon management overall?  

 

Yes No Not Sure 

1 2 3 
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15. What are some of the challenges you have experienced when discussing/sharing geographic 

information with other Roundtable participants? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________ 

______________________________________________________________________________

______________________________________________________________ 

 

16. Is there any additional information you would like to share regarding your data needs, for 

your work with the Salmon Roundtables and/or for salmon management overall? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________ 

______________________________________________________________________________

______________________________________________________________ 

This is the end of the survey 

Thank you so much for your time and valuable information. 

 

Rheanna Drennan 
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Appendix D- Quantitative Results of 
interviews-spreadsheet 
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Appendix E- Summary of recommended 
additional data and functionalities for MERG. 

MERG and the Salmon Roundtables 

This research was undertaken to explore the capacity of the Marine Ecosystem Reference Guide 

(MERG) web portal to support the work of the Salmon Roundtables and the overall salmon 

management along the Westcoast of Vancouver Island. The goal was to identify areas for the 

Web-based GIS portal to integrate information sharing, communication, and collaboration 

among the SRT participants to assist in their work. By transparently providing spatial data about 

the local environment in which the SRTs oversee MERG has the capacity to support the proper 

planning and decision making required to sustain wild Pacific salmon stocks in these regions. To 

understand the work being done, the present challenges of communicating information at the 

SRTs, and to identify the data needs of the various participants, in-person interviews were 

conducted with 10/15 participants involved in the WCVI roundtables. The results of these 

surveys are included here and are the basis for the recommendations outlined below. 

 

Question to WCA? 

1. What do you envision MERG to be? 

2. Are the associated cost of continuing to operate MERG as an open portal something WCA is 

willing to continue to solely incur, given the platform's tiered data capacity structure, limited 

usership, update and maintenance costs, potential loss of relevance or duplicity to other sites or 

ArcGIS's migration away from supporting the current ArcGIS Online operating platform? 

To avoid this, how can MERG become specialized, to offset or eliminate some of these 

challenges? The recommendations that follow all will require various levels of commitment to 

enact. Therefore, WCA will need to assess their capacity to undertake them. With the discussion 

of a Pacific Salmon Explorer being in the works for the West Coast and or a possible merger 

with the Strait of Georgia Data Center (PSF-SGDC), considerations on what data needs to be 

added should reflect that which will be available in either of these platforms or would benefit 

MERG compiling now to have ready should a merger take place. 

 

Section A: GIS use by participants of the Salmon Roundtables (SRTs) 

Of the participants interviewed, 100% said they were currently using GIS in some capacity, but 

90% expressed not to a level that would fully utilize the system and benefit the work they did. 

The primary use of a GIS (100% of respondents) was indicated for viewing spatial data, which 

was communicated as viewing and map making for personal and shared use. Creating features, 

managing databases were both only indicated to be used by 20% of respondents. Modeling and 

spatial analysis were limited to 40% of respondents, and with DFO, they indicated that they 
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viewed the results but had consultants do the work. As for the division of labor currently being 

done: 20% said the work was done internally, 20% it was done by contractors, and 60% said it 

was a combination of both. For both categories, most indicated that they were able to map simple 

maps or view a consultant's final maps but left the majority and technical data processing work 

to the consultants. Given these responses and the current limited technical use of GIS, the main 

reasons reported (7/10) for its lack of use by respondents were: 

Lack of trained people: 7 

Lack of funding: 6 

Currently contracting services out 5 

Not a priority: 4 

 

These responses are interlinked and perpetuate the lack of GIS use. When asked if GIS could /do 

positively contribute to the work they do and also is there an interest to increase the use of GIS in 

their organization, 100% of respondents replied yes to both questions. When asked in what areas 

do they need more information to increase their use of GIS, not unexpectedly, of the nine 

respondents that answered, they said: 

Information on where to get training: 9 

Where and how to get funding for a GIS: 8 

 

Value of a GIS web-portal 

As time and money were communicated as limiting factors in the use of GIS, this prevented 

participants from committing to learning the necessary skills, as it is generally understood that 

there is a steep initial learning curve with some GIS desktop software, given the extensive 

capacity of these systems. However, Web-portals such as MERG, offer a simple, user-friendly 

online platform for which users become introduced to GIS and their uses. By allowing free-

online access, it is an affordable solution, which reduces time, effort, and need for funding for 

software or support costs. Designed to be approachable to a wide-user group MERG has a 

familiar user interface with other common platforms currently in use by some respondents 

(Google Earth, IMAPs), so this would reduce learning time. Being accessible to any device 

connected to the internet, this platform can be accessed by the various groups throughout the 

region. As they build confidence in the tool and its capacity, the platform will make workflows 

more efficient and assist them with time-sensitive decision making. 

It was mentioned that respondents would be interested in workshops or collective courses on the 

use of GIS and MERG for the SRT participants, as if they were all using one system their 

increased literacy would support better clarity on the information and technology presented, 

building confidence in the information and trust among participants. One respondent also 

indicated that they were about to receive a training session on the Pacific Salmon Explorer, It 
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was not indicated if this training was open to everyone or if other SRT participants would be 

attending, but perhaps a future joint training session on the two platforms could be coordinated. 

 

Given WCA's position and connections to the nations and the other stakeholders at the SRTs, 

they stand as a competent body to deliver and or facilitate the delivery of workshops and or 

coordinated training. Some introductory workshops and training are essential to support the 

growth of GIS use, and this can be an excellent simple learning platform that will benefit the 

work, communication, and decision making that is done at the SRTs. Additionally, 

advertisements of workshops through the NEST could support an overall increase in GIS literacy 

among the public and other groups on the Westcoast. 

It was indicated that at present, all participants of the salmon roundtables are currently applying 

for funding and data access rights independently of one another. WCA and the SRT could look 

to obtain funding and extended data access as one voice through the WSP and funding initiatives 

currently underway and then use MERG as a sharing platform for this information. 

 

Section B: Use of web portals and data catalogs to access spatial information 

 

Given the limited responses when asked about open-source data sites, it appears that the limited 

scope of GIS technical expertise is hindering the use or knowledge of such sites and that data is 

instead being sourced in non-spatial formats to allow for them to work with it in other systems 

(Excel). Of those respondents that indicated they were seeking open-source data sites, the most 

popular sites were: 

Google Earth: 4 

iMAPBC: 4 

Environment Canada Hydromet: 3 

From the respondents that had worked with open source portals (60%), all of them were using 

their preferred platforms to visualize available data already located on the platform, while 5 of 

them were using the platforms to upload or download data and make maps. Only 3 of them 

indicated they had accessed the metadata or found the geographic scope and scale of the data to 

be beneficial to their work. 

With regards to open source data catalogs, most respondents had not worked with them (80%) or 

indicated that they needed better access to downloadable local and regional data. This included 

habitat data, imagery, TRIM mapping, and vegetation data. 

70% of respondents indicated imagery is essential for assessing the state of the landscape and for 

change detection. Presently MERG cannot handle imagery files, but a transition to an enterprise-

based platform would allow for these to be stored for visualization and change detection. In the 

interim, WCA could coordinate the participants of the SRTs to apply for access to shared high-
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resolution imagery files through DFO/CHS, the Province, or the Forestry industry as they 

provide a vital piece of information for resource management on the coast. 

 

Section C: Enhancing MEG’s utility to support the SRTs.  

Most respondents (80%) indicated that they did not use GIS for their work at the SRTs, given the 

nature of the SRTs and their desire for an ecosystem-based management approach. There is a 

consensus that the SRTs need to use adequate methods and tools to help participants in the 

decision-making process, to assist them to understand the problems under discussion, and the 

potential impacts of alternatives. When asked about what challenges participants face when 

communicating information at the SRT, a few topics arose around: 

● A lack of trust for information and sources 

● Transparency 

● Confusion around the naming of geographic locations 

● A need for conflict resolution. 

As such, respondents also understood that there are many values associated with the use of GIS, 

"GIS offers the ability to visualize the best data available, people can understand visuals better, 

and one can take complex techniques and simplify it for them (synopsis)" and they listed the 

following as the value to the SRTs: 

● A powerful visualization tool. 

● A way to clear confusion and reduce conflicts over geographic areas and boundaries 

unfamiliar to all. 

● A platform for respectfully and privately sharing information with the SRTs, in a format 

that they can work with. 

● A way to build confidence in the information presented if it is accessible to all that would 

like to review it further. 

● A way to convey much information to people who don't have the time or technical 

skillset to delve into  it themselves and would prefer a synopsis. 

● A way to clear confusion over geographic areas unfamiliar to all. 

● Potential as a management tool to detect trends and assess responses, allowing us to 

become more proactive, rather than reactive. 

 

When asked at which scale respondents required data to be available at, 100% indicated that 

there was a lack of localized data across the region and that they required large scale data for the 

work they do, with 90% mentioning they need to be able to work at river-based levels, and the 

other 10%, being solely marine-focused, requiring site-specific or bay- based levels. MERG 

would thereby benefit from concentrating on fine-scale data acquisition as outlined in the 2006- 
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WSP. The current FISS database is over a decade old and is attached to the BC 1:50,000 

Watershed Atlas. A more accurate representation of available salmon range should be provided 

at the 1:20,000 TRIM scale (WSP, 2006). The WSP (2006) also calls for internet accessible GIS 

maps of high-value salmon habitat for each CU at 1:5,000 to 1:20,000 scale, given that CUs vary 

considerably in size. 

 

For unique river features, this may mean looking  to acquire data at a scale finer of 1:5000. Table 

1 highlights the relationship between animal mobility and map scale in accordance with the 

Province's Terrestrial Ecosystem Mapping standards, and this could act as a guideline for 

determining what scales of data MERG should look to acquire. 

Table 1: The relationship between the mobility of a species and an appropriate mapping scale to 

capture its range (adapted from the Province's Guidelines for TEM standards handbook, 1996). 

 

Given that past Terrestrial Ecosystem Mapping, vegetation mapping, and predictive ecosystem 

mapping from forest cover, was all done at 1:20000, future data should aim to also be at this 

scale in order to be consistent for accuracy and comparison purposes. 

In regards to raster or imagery data, 50% (5/10) responded that they were currently working with 

satellite imagery to access temporal change detection of habitat and landscapes, while of those 

not working with it 80% (4/5) indicated that they would like to start using it in the future for 

similar work. Of the nine respondents currently working with/ or hoping to start working with all 

indicated that they would prefer high-resolution imagery down to a few meters. 

Respondents from the government, industry, and non-profit indicated that they (40%) had access 

to individual accounts for saving and sharing spatial information with the SRTs. All of the 
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participants working for First Nations groups believed they had access to an ArcGIS account 

through the Maa-nulth Treaty Agreement, but none had yet accessed the system or this feature. 

Two groups indicate that they did not have any access at all. 100% indicated that an individual or 

shared private account for the roundtables would be of benefit to them, as well as to their overall 

work. 

River-based monitoring was communicated as a large part of the work done by participants, yet 

in regards to data access, all respondents (100%) indicated that they did not currently have access 

to RISK assessment data. However, all of them felt it would be of value (some indicating 

essential) to the work they do. When asked about fisheries closure information, only two 

respondents indicated that they did (one being DFO), and the other indicated that it was 

challenging to get in a spatial format, as they required the GPS coordinates. It was mentioned 

that the government is working on a real-time app for fisheries closure information and that there 

is currently a province mobile app of the same nature. 90% felt this is essential information 

required by the SRTs. The other 10% indicated it was not applicable to their work directly. 

In regards to funding, 90% indicated that they have some level of funding available (but not 

necessarily the time or people) to increase their use of GIS. 100% of respondents indicated that 

they would support allocating funds or campaign for funding towards the increased use of GIS at 

the SRTs. Again, WCA could spearhead the funding proposal. 

 

Main Themes for data requests and how MERG can accommodate. 

1. Fisheries Boundaries: : First and foremost, MERG stands to be a visual aid to communicate 

the fisheries' boundaries that are mobile and are currently being negotiated at the SRTs. This 

topic was communicated as a source of confusion and conflict, as real-world marine boundaries 

are not inextricably known to all participants. Due to the lack of a common language when 

describing geographic areas, reference to the same place varied between local or gazetted names, 

geographic descriptors and traditional names. Participants felt that without having clear spatial 

boundaries that everyone could identify with, was holding up the discussions and also making it 

challenging to communicate this information to other organizations and groups. Potentially 

leading to boundary disputes out on the water. Having these boundaries defined and then 

imported or sketched in MERG from the lat/long coordinates for the SRT members to view, 

share (via maps), and work off would help assist the conversations around access rights and 

conflicts. Additionally, research directed at looking into the effectiveness of these boundaries 

could be tracked. By compiling a record of area closures, their effectiveness could be assessed. 

(i.e. Applying a closure to protect stock from interception or bycatch, which could then be 

viewed against subsequent spawning and escapement rates that year or the following). 

It was also communicated that having access to nautical charts as base maps for the region would 

significantly increase the effectiveness of being able to communicate to those on the water, as 

they can relate to the visual presentation of a nautical chart. Two respondents said their office 

was just starting to compile fishery basemaps. These could then be shared through MERG for 

others to work off. Static nautical chart data available from CHS-DFO would be an appropriate 

layer. 
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2. Habitat mapping: 100% of respondents say they need or are working to produce habitat data. 

This did range from marine benthic to estuary, river, riparian and watershed-level forest habitat 

among the group. With salmon utilization in all of these areas, it is known that impacts on these 

habitats can either directly or indirectly affect their survival. Bathymetric data were 

communicated as a critical determining factor in habitat assessments. 

There is currently no other system offering this comprehensive, localized range of habitat 

(riparian, estuary, nearshore, and benthic) classification data on the Pacific coast. This would 

allow MERG to act as a repository for this information and standout. Widely expressed as the 

foundation for the management and conservation of species, respondents indicated that collecting 

this data and sharing it among interested parties is needed if they are to achieve coordinated and 

effective measures to protect and conserve species. This is especially important for both the 

harvest and stewardship SRTs so that they can better understand and track habitat utilization by 

salmon at various life stages and stock-levels to ensure threats from habitat loss, harvesting, or 

bycatch are limited. Additionally, understanding habitat use will allow for increased 

effectiveness in protected area management to determine the size and connectivity required by 

certain species on the coast. These layers will assist in MSP projects, to act as limiting factors 

around certain developments along the coast. With the freshwater RISK assessments done and 

the marine ones getting underway, MERG should concentrate on this research. 

 

2. Species distribution and abundance: with the addition of habitat data, there should also be a 

focus on understanding the distribution of species, as this allows for comparisons of the overlap 

between species (sea lion haul-outs) and uses. Distribution data supports the identification of 

vital habitat, for harvesting and protection management. Presently some of this is available for 

estuary, and river use by salmon in the habitat status reports and more are being created, Ahousat 

currently has a project tracking juvenile habitat use in the Bedwell estuary. Creating density 

layers around these attributes would be the most valuable. Using a scale for suitability or by 

identifying areas based on factors like season distribution, breeding, or migrating, similar to 

those in the HSRs. 

 

3. Hydrographic data: Hydrography: From the interviews, it was indicated that 100% of 

participants frequently needed hydrographic information regarding substrate, bathymetry, 

elevations, and seafloor topography. Participants working on marine-based issues for both 

salmon and other species indicated that substrate was considered essential as the foundational 

building block for determining marine habitats. With MERG having yet to be launched, 

participants were unaware of the current Bottom Patches (BoPs) layer within MERG, which 

contains a simple classification system of the substrate (Soft, Mixed & Hard) for the coastal area 

up to 50m. There is also categorized depth information 0-5, 5-10,10-20 & 20-50m). This 

information could be extracted and converted to a separate layer providing generalized depth for 

the region. (Note* both layers should have disclosure statements regarding sources of potential 

error, their level of accuracy and intended uses). Alternatively, MERG would benefit from 

standard depth contours being added to the coastal area. It would be best to provide contours for 

a few key ranges, rather than multiples, which would slow the display speed of the system and be 

visually challenging to work with. Possibly selecting ranges in relation to light, temperature, or 

pressure gradients, as they have been found to be the primary limiting factors of marine species. 

The ranges used in the BoPs layer could be valuable as a starting point. This data would need to 
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be acquired from the Canadian Hydrographic Office (CHS) either, through a Direct Use 

Licensing Agreement (DULA) for more accurate multibeam-derived contours or free from their 

open-source portal for a coastwide 100m resolution layer that would then require processing (In 

ArcGIS or similar platform) to extract the contours (This 100m contour layer has been produced 

in shapefile format). 

 

4. Fisheries data: DFO catch, interception, escapement, spawning, and bycatch data. Presently 

this information was indicated by all respondents that work with it (6/6 ) that this is difficult to 

access, and DFO themselves indicated that most are not in spatial format yet. This is due to a 

backlog of data yet to be converted to a spatial format. Presently the PSE offers some of this 

information for the North Coast and Central Coast, presenting it on a CU by CU case in a stop-

light coded format. Baseline information indicating the health of the system, based on given risk 

indicators in the river and estuary, as well as, population health using various metrics such as 

spawners abundance, catch and run size and smolt surveys are displayed. The stop-light system 

is very effective at communicating problems in a non-technical way. This can quickly be 

referenced by people looking to develop, plan stewardship activates, or push for closures of some 

systems. With the WCVI region currently in the works, MERG may not need to look to duplicate 

these efforts. However, depending on the timeline for the PSE project, it may be worth 

establishing a baseline for now or identify where data gaps occur. This would require 

coordination with DFO and PSF. 

In the marine realm, it was indicated that there was a lack of information about who, what, when 

and where fishing was occurring specifically within the DFO FMAs, sub-areas and traditional 

fishery boundaries, given the data was not readily available or there was a slow turn around on 

making it public. Confidentiality is an issue surrounding some original fishery-dependent sources 

such as exact location; however, fisheries catch per unit effort, and total catches in an area by 

area basis are available and could be added as spatial layers into MERG for DFO's management 

and sub-management areas using a coding system for intensity (Low, Med, High) of fishing 

pressure. Bycatch and interception rates were also indicated as necessary, to understand, what are 

the trends in bycatch among different fisheries and gear types, geographic areas, time periods, 

depth ranges, and habitat types? Looking online, this information could not easily be found, but 

from the interviews, it was communicated that DFO is building a platform to put its data. It was 

communicated that given the sensitive nature of fisheries data and the slow turnaround time on 

making it available, that this may impede incorporating these layers into MERG. With the 

federal open portal coming online in the near future, this may be the source of this information, 

and as such, it can be uploaded to MERG on a per-need basis. In the meantime, historical layers 

could be produced that look at ranges of time for CPUE or species in a given FMA or subarea. 

These would provide valuable information about historic fishing pressures, which could then be 

viewed against current management actions or used to model cumulative impacts along with 

other pressure indicators. This will require the contracting of GIS services to create either the 

range data or the modeled data. 

 

6. Oceanographic: While most respondents also indicated that they needed oceanographic data 

(temp, salinity, currents), most said this was difficult and time-consuming to find, while some 

were unsure of where to access it. Building communication and information sharing at the SRT 

through a private account or through other means like dropbox would allow for data sharing of 
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these sources, to save time and increase the current understanding of these factors in the region. 

It was also communicated that the aquaculture industry may be tracking this information locally 

and would be willing to share it. Adding temporal trends in the region may be a way to 

communicate these factors in a static format. Creating time period layers for averages in temp, 

salinity, or currents may be valuable for showing areas that are experiencing changes (i.e., 

shallow bays becoming increasingly warm), thus they would not be good future sites for 

aquaculture (open-pen or shellfish). Choosing the appropriate temporal ranges would need to be 

discussed with scientists to understand natural fluctuation periods. 

As a static data portal, MERG does not presently have the capacity to store and display time-

series and real-time data, common to oceanographic data. Given that this would require work to 

the platform regarding its conversion to an enterprise-based platform, it is not necessarily 

required that MERG take on this functionality, as those respondents that are looking to use or are 

using this data are already accessing it from other sites (Aquarius, Enviro Canada Hydromet). 

Instead, by holding workshops on MERG and how to access open-source information would 

assist everyone with the ability to gain access to this data. At the South Coast GIS Workshop, it 

was communicated that there is currently an available web app for creating timescale and sliding 

animations of static data. This could be another way to communicate changes. 

 

7. Forestry: It was noted that there is an evident lack of the forestry industry at the SRT. 

Interestingly though, 70% of respondents indicted forestry and its effects on vegetation as 

essential data for the management of salmon stocks. Given that there are some available forestry 

habitat layers (polygons) in the habitat status reports, these should be uploaded to MERG and 

shared. As imagery and software acquisition was indicated to be difficult and costly, WCA and 

the SRTs should look to develop partnerships with the forestry industry/ province to gain access 

to these pre-processed data files on a regular basis and over a larger area. Industry-specific 

information regarding cut rates and the rate of regeneration is information that could possibly be 

acquired through a coordinated SRT request. I was able to locate one other portal that offered 

some forestry and watershed related data. The aquatic information partnership atlas 

(http://cmnmaps.ca/AIP/ ), which is a web portal for viewing some forestry and watershed data. 

However, sources or metadata could not be found. Some of the layers are functional, but most 

caused the system to crash. Therefore, I am assuming it is no longer maintained. Contacting the 

CMN directly may provide access to or insight on the source of the data. This site provided 

valuable information on watershed statistics, also using a stop-light coding system that could be 

useful for planning at the watershed scale around developments, risk indicators, and 

conservation. 

 

 

 

Valuable layers from the Aquatic Information Partnership Atlas included: 

Periods of logging Prior to 1985, 1985-2009, Recently- *Modifiable to the history and changes 

in practices relevant to the WCVI. 



268 

Natural Disturbances: Disease, Fire, Insects, Slide, Windthrow 

Percent of watershed logged 

Percent of the watershed logged within 30m of stream, 

Percent of the watershed with a range of slopes (gradients) from 51-60, 61-70 & >71% 

Road Density in forested areas of the watershed 

* These layers offer insight into the risks present in the watershed and could possibly be modeled 

using InVEST or Marxan to do cumulative risk scores. 

Contours: Not sure what range as this layer did not work. 

Rivers at both 1:20,000 & 1:50,000 

Roads: But only major ones. The HSRs do contain some road layers, but there is also a layer 

available from the province. 

 

Fish specific: 

Watershed Allocation: Stream length restricted over three periods 1950,1970 & 2000 using 20 

percent ranges (1-20, 21-40, etc.) to indicate changes to water availability and flow. 

Count Stations 

Water Temperature Stations 

*Adding links within MERG to the metadata for web pages displaying Hydromet or count 

information would be valuable. 

Salmon Conservation units- These were divided into individual species layers so that one could 

view the location of all the chinook or Pink at one time. Valuable for understanding the extent of 

a possible threat or a possible conservation action on multiple CUs. 

 

Transitioning to Enterprise 

With the current online system or Enterprise, there are numerous apps and licenses that could be 

allocated to the SRT members to perform various analysis tasks, overlays, route planning data 

entry, and there are lessons and tutorials available for free online to build the overall usability 

and capacity of the SRT. Research suggests that with the advancements in online GIS, portals are 

moving towards offering more analysis functionality. Esri has already released conflict analysis 

functionality for Enterprise allowing users to perform various analysis tools. Given the increased 

functionality of Enterprise, Esri may eventually discontinue updating and offering support for its 

Online platform in the future. 
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"The Portal for ArcGIS map viewer now provides a set of analysis tools previously only 

available in ArcGIS Online. These spatial analysis tools, available in the Perform Analysis pane, 

allow users to quantify patterns and relationships in the data and display the results as maps, 

tables, and charts. The toolset includes nearly two dozen tools for summarizing data, finding and 

deriving locations, calculating density, locating hot spots, creating buffers, extracting data, 

dissolving boundaries, and overlaying layers" (Esri.com, 2019b). 

 Given the increased functionality of Enterprise, Esri may eventually discontinue updating and 

offering support for its Online platform in the future. 

 

Collaboration   

 

Coordination with Regional bodies Tofino/Ucluelet/Port Alberni/ Kyuquot/ Nootka web portals 

for data and enhanced functionality. Leveraging this regional partnership could potentially 

support funding and data access agreements as a DFO respondent indicated that it is easier for 

them to share data with larger regional bodies, then dealing with multiple, small entities all 

requesting data. This would see that all collaborators within a regional system would literally be 

"on the same map." 

Given WCA's history and relationships with the various nations, there is a potential to see the 

growth of First Nations data in the region, regarding traditional areas and names. As highlighted, 

MERG's utility as an online, user-friendly GIS system, could provide an excellent introductory 

tool for GIS use in the various nations, increasing the accessibility of GIS to all.  

Finally, how can you position MERG to be a component of a more extensive collection of 

systems in the future? In the USA, NOAA has these in place already through the Integrated 

Ocean Observing System (https://ioos.noaa.gov/), which offers a collection of portals all with 

different functionalities, data capacities, and target audiences. A Merger with the PSF-GSDC or 

other platforms through an official website with links to various data sources, web portals, and 

data catalogs would make information gathering easier, more efficient, and promote the use of 

standardized information for salmon management and across the region. Shared data between 

sites should be done using the URL for the published feature service layers as this allows all 

systems to automatically update when the source system updates a file. Agreeing on a 

coordinated time frame for updates would ensure everyone is presenting the most relevant data. 
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Appendix F- Workflow diagram on the 
formatting and uploading of Habitat Status 
Reports to MERG 
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Appendix G- Results of PHSM 

Results of the PHSM of key nearshore indicator species, used to predict potential nearshore 

habitat use by juvenile chinook for Bedwell (1994), Bedwell (2012), and Canton (2013) 

estuaries. 
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Results of the PHSM of key nearshore indicator species, used to predict potential nearshore 

habitat use by juvenile chinook for Conuma Estuary (2013), Cypre Estuary (1994), and Cypre 

(2012). 
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Results of the PHSM of key nearshore indicator species, used to predict potential nearshore 

habitat use by juvenile chinook for Kennedy (2016), Leiner and Perry (2013), and Nahmint 

(2007) estuaries. 
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Results of the PHSM of key nearshore indicator species, used to predict potential nearshore 

habitat use by juvenile chinook for Sarita (2007), Sucwoa (2013), and Tahsis (2013) estuaries. 
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Results of the PHSM of key nearshore indicator species, used to predict potential nearshore 

habitat use by juvenile chinook for Tranquil Estuary (1994), Tranquil Estuary (2012), and 

Tsowinn (2013). 
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Appendix H- Summarised output tables for 
individual estuaries from coastal inventory 

Summarized output tables for each of the estuary layers to show actual and PHSM habitat for 

Bedwell (1994), Bedwell (2012) and Canton (2013) estuaries. 
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Summarized output tables for each of the estuary layers to show actual and PHSM habitat for 

Conuma (2013), Cypre (1994) and Cypre (2012) estuaries. 

 

 

 

 



281 

Summarized output tables for each of the estuary layers to show actual and PHSM habitat for 

Kennedy (2016),  Nahmint (2007) and Sarita 2012) estuaries. 
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Summarized output tables for each of the estuary layers to show actual and PHSM habitat for 

Sucwoa (2013),  Tahsis (2013) and Tranquil  (1994) estuaries. 
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Summarized output tables for each of the estuary layers to show actual and PHSM habitat for 

Tranquil (2012) and Tsowinn (2007) estuaries. 
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Appendix I-Temporal change in estuaries 
Summarized output tables for those estuary layers with two dates to show percent changes in 

actual and PHSM habitat for Bedwell (1994 & 2012) and Cypre (1994 & 2012)  and Tranquil 

(1994 & 2012) estuaries. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


