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Abstract 

The coastal zone is home to an abundance of life. Salt marshes, brackish marshes, intertidal 

zones, coastal forests, and dune systems are examples of habitats that support its extensive 

biodiversity. These can be observed at Cape Jourimain National Wildlife Area (CJNWA), 

New Brunswick, Canada where diverse populations of resident and migratory bird species 

thrive. Located on a prominent coastal headland, CJNWA sits on the narrowest part of the 

Northumberland Strait, ideally situated to support migration routes. From this headland, 

Confederation Bridge spans 12.9km to connect Prince Edward Island to mainland Canada 

promoting direct accessibility to the area which brings in more than 80,000 visitors annually. 

Site visitors are encouraged to view habitats and their residents via a trail system that aims 

to connect people with nature. In recent years, coastal erosion has severely impacted the trail 

system by eroding major sections and threatens the integrity of many of the coastal habitats. 

A coastal vulnerability index (CVI) was used to assess 76 sites for vulnerability by 

measuring beach width, dune width, distance vegetation behind back beach, percentage 

rocky outcrop, and distance to 20 metre isobath. Final scores for total relative vulnerability 

were very high (5.3%), high (38.2%), moderate (27.6%), low (28.9%), and very low (0%). 

Sites 26 – 46 indicated a highly vulnerable length of coastline with scores of moderate to 

very high on the north-eastern edge of CJNWA. Habitats were assessed against vulnerable 

areas with management strategies and recommendations were made based on case studies 

and capacity of stakeholders of National Wildlife Areas and similar entities. 

Útdráttur 

Það leynist mikið líf á strandsvæðum. Saltmýri, brakmýri, sjávarfallasvæði, strandskógar og 

sanddúnukerfi eru dæmi um svæði sem eru heimili mikilllar líffræðilegrar fjölbreytni. 

Nokkur þessara svæða má finna í Cape Jourimain National Wildlife Area (CJNWA), í Nýja 

Brúnsvík, Kanada, þar sem fjölbreyttur hópur bæði staðbundna- og farfugla má finna. 

Staðsett á klettasvæði, CJNWA situr á þrengsta hluta Norðymbralandssunds og mynda 

kjörar aðstæður fyrir tegundir í búflutningum. Frá þessu svæði spannar Confederation brúin 

12,9 km til að tengja Eyju Játvarðar prins við meginland Kanada og veitir beint aðgengi að 

svæðinu sem fær til sín yfir 80,000 gesti árlega. Gestir svæðisins eru hvattir til að skoða 

búsvæði og íbúa þeirra með því að nota slóðakerfi sem er hannað til að tengja fólk við 

náttúruna. Á undanförnum árum hefur strandrof haft alvarleg áhrif á slóðakerfið með rofi á 

stórum svæðum og ógnar búsvæðum á ströndinni. Veikleikavísitala fyrir strandsvæðið (e: 

Coastal vulnerability index; CVI) var notuð til að meta viðkvæmni 76 svæða með því að 

mæla strandbreidd, sanddúnubreidd, fjarlægð gróðurs frá bakhluta strandarinnar, 

prósentutölu grjótsvæðis, og fjarlægð til 20 metra ísóbats. Lokniðurstöður fyrir viðkvæmni 

svæðisins voru mjög háar (5,3%), háar (38,2%), í meðallagi (27,6%), lágar (28,9%) og lágar 

(0%). Svæði 26-46 sýndu mjög viðkvæma strandlengju með niðurstöðu í meðallagi til mjög 

hátt á norðaustur brún CJNWA. Búsvæði voru metin gagnvart viðkvæmum svæðum og 

stjórnunaraðferðir voru metnar og tillögur voru gerðar byggt á reynslu og getu 

hagsmunaaðila hjá National Wildlife Areas og sambærilegum stofnunum. 
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1 Introduction 

1.1 The coastal zone 

Securing the coastal zone for future generations is a delicate endeavour. As the human 

population strives to solidify their land and sea connection, they are faced with the ever-

strengthening impacts of climate change and sea level rise that threaten the integrity of the 

coasts. The large global population increases pressure on Earth’s coasts, encroaching and 

changing sensitive coastal ecosystems. These factors, the changing climate and human 

encroachment, combine to add stress on Earth’s coastal ecosystems and questions the fate of 

species that depend on these special habitats. With increased global temperatures, climate 

change is projected to cause adverse effects to the environment, some of which are already 

occurring (Klein and Nicholls, 1999). The Intergovernmental Panel on Climate Change 

(IPCC, 2013) states that the global mean sea level rose 0.19 metres from 1901 to 2010. Major 

factors contributing to sea level rise are glacier mass loss and ocean thermal expansion, 

which are responsible for 75% of observed global mean sea level rise since the early 1970s 

(IPCC, 2013). Klein and Nicholls (1999) explain that it is local change in relative sea level 

that is important, referring to the level of the sea relative to the land. More recently, the 

International Panel on Climate Change Sixth Assessment Report (IPCC, 2021) released 

alarming findings that require emergency level response. The IPCC (2021) explains, with 

high confidence, that 50% of sea level rise during 1971 – 2018 is due to thermal expansion 

from ocean warming while ice loss from glaciers contributed 22%, ice loss from ice sheets 

20%, and changes in land water storage contributed to the final 8%. Moreover, the rate of 

ice sheet loss increased by a factor of four between 1992 – 1999 and 2010 – 2019. Under the 

very high GHG emissions scenario, the IPCC (2021) predicts global sea level rise will rise 

by 0.98-1.88 m by 2100 and will approach a rise of 5 metres by 2150.  

Coastal ecosystems and the species which depend on them will be affected by rising sea 

levels. Holle et al. (2019) describe the impacts on nesting shorebirds, where populations may 

face coastal squeeze as the sea rises and will be washed out during storm surges. Shorebird 

foraging areas will be minimized due to inundation where the intertidal zone is restricted 
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landward movement due to built structures. Sydeman et al. (2012) details the importance of 

seabirds as indicators of ecosystem change associated with climatic factors. Seabirds utilize 

both marine and terrestrial habitats and are sensitive to multiple and potentially synergistic 

climate variations, making seabirds the most threatened marine taxonomic group in the 

world (Sydeman et al., 2012). Climate change and sea level rise are contributors to increased 

coastal erosion, which results in landward movement of coastlines when cliffs recede or 

when beaches and dune systems migrate landward (Davidson-Arnott and Ollerhead, 2011). 

1.2 Research scope 

This study aims to establish a coastal vulnerability assessment for Cape Jourimain Natural 

Wildlife Area (CJNWA), New Brunswick. The scope of research includes assessing the 

entirety of CJNWA’s coastline regarding its vulnerability using a CVI method to create an 

accurate coastal vulnerability assessment and suggest management strategies for 

stakeholders to utilize for current and future management. The assessment will identify 

which habitats are at risk to the effects of climate change and sea level rise based on their 

vulnerability. The four objectives listed below will allow for the creation of a concise and 

reliable coastal risk assessment and practical management strategies for CJNWA. 

Purpose of research: 

The purpose of this study is to identify the vulnerable areas along CJNWA’s coastline, which 

will provide a review of potentially impacted habitats within the area. With this information, 

management strategies will be recommended. 

Relevance of research: 

The relevance of this study is to provide CJNWA with data on the future impact climate 

change will have on the study area using a CVI assessment. While coastal vulnerability 

assessments are usually completed for areas of high human populations and less frequently 

on areas of biological significance, this study offers insight of the usage of coastal 

vulnerability assessments on wildlife areas as the priority. Coastal vulnerability assessments 

are an evaluation of parameters, based on locality, that provide a relative numerical value of 
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risk for multiple sites within a study area. For replicable purposes, the number of parameters 

is relatively low in comparison to the large range of factors that can possibly contribute to 

the potential risk of a site. Therefore, the locality of the study plays an important role in the 

selection of parameters. The potential risks in the study area for this research project is loss 

of coastal barriers that protect multiple significant habitats and climate change that causes 

sea level rise which may lead to encroachment of the sea on significant habitats (ECCC, 

2018). Additional risks include loss of trail systems that were established to connect humans 

with nature and the risk to infrastructure, including historically significant infrastructure 

(ECCC, 2018). A coastal vulnerability index for CJNWA is necessary to provide an accurate 

understanding of risk to ecologically significant habitats. This study compares sites along 50 

metre intervals, which are smaller distances between sites than most of the studies outlined 

within the literature review but is necessary for this study area because of the diverse habitats 

that are present within short distances.  

1.3 Research aims, objectives, and questions 

 
1.3.1  Research aims 

This research aims at creating an assessment that identifies coastal vulnerability and the risk 

to wildlife species and their habitat at CJNWA and suggest strategies to increase resilience 

with meeting the five objectives listed below which are expanded upon within the methods 

section. 

1.3.2 Research objectives 

Objective 1: Assess vulnerability of CJNWA using a CVI  

This objective will be met by administering a coastal vulnerability index (CVI) to 76 sites 

along the coastline of CJNWA, with each site spaced 50 metres apart. The CVI for this study 

consists of five parameters: beach width, dune width, distance of vegetation behind the back 

beach, percentage rocky outcrop, and distance to 20 metre isobath. Each parameter is scored 

from very low vulnerability to high vulnerability. The sum of the scores are then ranked very 

low vulnerability to very high vulnerability for each site’s total relative vulnerability.  

Objective 2: Evaluate habitats at risk  
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Habitats are defined within CJNWA and the results from the CVI will be aligned with their 

corresponding habitat to define which habitats are at risk. 

Objective 3: Stakeholder engagement (CWS and CJNC) 

This objective will be met by supplying the results from objective 1 and objective 2 to the 

Canadian Wildlife Service (CWS) who manage CJNWA. An educational document will be 

created and supplied to Cape Jourimain Nature Centre (CJNC) to be distributed to the public 

to communicate scientific information within this study in a digestible and engaging format. 

Objective 4: Suggest management strategies to increase resilience to coastal risk 

This objective will be met by creating a comprehensive literature review of management 

strategies and analysing this information against the results from objective 1 and objective 2 

to create applicable management strategies for CJNWA. 

1.3.3 Research questions  

The following research questions will be addressed throughout this thesis and will be 

answered following the results section. 

 ?What coastal characteristics make CJNWA vulnerable ە

 ?What is the level of risk along the coastal zone of CJNWA ە

 Which ecologically significant habitats will be impacted by climate change and sea ە

level rise? 

 What management strategies will succeed in enhancing CJNWA’s coastline to ە

protect the vulnerable habitats currently present at CJNWA? 

The research presented within this thesis contributes to scientific literature by replicating 

research methods that are widely accepted and have been replicated globally. In addition, 

these methods are uniquely applied to an environmentally protected area. This research 

provides information on whether these methods are suitable for understanding which 

ecologically significant habitats are at risk and can be used within scientific literature as a 

method of assessing risk to ecologically significant habitats. This research nationally 

contributes to the literature of Environment and Climate Change Canada and the Canadian 
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Wildlife Service and locally contributes to the literature at Cape Jourimain National Wildlife 

Area.  

1.4 Contents of thesis 

This thesis begins with an overview of the implications of climate change, methods to 

address the implications of climate change onto the coastal zone, and an in-depth overview 

of CJNWA. The literature review will lead to a comprehensive description of the proposed 

methods and the methods used to study the vulnerability of the coastal zone of CJNWA by 

using a coastal vulnerability index. The results chapter displays the data collected from the 

CVI and habitats that are located at each site. The discussion chapter analyzes specific sites 

with examples given for each of very high, high, moderate, and low vulnerabilities and 

continues with the management strategies, based on research from the literature review and 

the results of the methods. 
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2 Literature Review 

2.1 Coastal risk and resilience 

Coastal erosion naturally occurs due to the weathering of shoreline socks and sediments both 

above and below the water surface. This breakdown of rocks and sediments is due to coastal 

hazards such as wave action, tidal action, wind, storm surge, ice, rain, and surface runoff 

(Davidson-Arnott and Ollerhead, 2011) and forces such as waves, tidal and littoral currents, 

and deflation (Prasad and Kumar, 2014). Coastal forms play a significant role in the way 

erosive agents act upon them. Coastal forms can be indented by being either a bay-headland 

coast or an embayed coast (Van Rijn, 2011). Bay-headland coasts receive wave energy 

concentration on the headlands and reduction in the bays which may lead to headland erosion 

and bay deposition of sediments given that their coastal form consists of erodible material. 

Headland erosion is due to longshore currents accelerating along headlands and in contrast 

these currents decelerate in the bay area leading to bay deposition of sediments. This leads 

to a straightened coastline as headlands are cut back and bays are filled up, especially if the 

headland is equally erosive as the bay (Van Rijn, 2011). The rate at which erosion occurs is 

dependent on multiple factors and when these factors are analyzed they will aid in 

determining the vulnerability of a coastline.  

Coastal risk refers to the interaction between coastal hazards and the vulnerability of the 

coastline. Klein and Nicholls (1999) list impacts to natural coastal systems which are 

increased flood frequency probabilities, erosion, inundation, rising water tables, saltwater 

intrusion, and biological changes. Vulnerability studies should initially identify the extent of 

these impacts within a given study area prior to assessing socioeconomic impacts such as 

loss of economic, ecological, cultural land. Screening assessments, vulnerability 

assessments, and planning assessments are three levels of assessments that in combination 

will form an effective management approach and build resilience (Klein and Nicholls, 1991). 

The impact of sea level rise on species can be managed to enhance species resilience when 

sea level is threatening a species ecosystem (Holle et al., 2019). Resilience refers to the 

ability of a species or an ecosystem to bounce back from various disturbances in order to 

maintain critical function. Holle et al. (2019) suggests mitigating other threats and 

combining management approaches to enhance resilience. 
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2.2 Coastal vulnerability assessments 

VanZomeren and Acevedo-Mackey (2019) explain that the purpose of coastal vulnerability 

assessments is largely due to the threat of erosion or sea level rise and the parameters used 

to assess coastal vulnerability can be extensive and based on biogeophysical and/or 

socioeconomic characteristics. The importance of accurately assessing where the coastal 

zone will be impacted has increased due to large populations residing along the coast and 

the environmental services coastlines provide. Various methods to quantify erosion have 

been adapted to reflect the scale and localized differences of study areas where research is 

undertaken. If there are differences between locations where a particular method is 

replicated, it may cause inaccuracies within the results if not properly adapted.  

Gornitz (1990) explains how the Coastal Vulnerability Index (CVI) identifies coastal 

locations which are vulnerable to the risk of erosion. CVI’s use spatial analyses of a coastline 

and an index of parameters to quantify the grade of risk. The area of coastline under review 

is divided and given a grade of risk based on the selected parameters that best fit the location. 

This allows for an understanding of which sites in the entirety of the location require priority 

mitigation to reduce risk and promote resilience (Gornitz, 1990). Selecting an appropriate 

number of physical parameters which best represent vulnerabilities can be difficult when 

aiming to maintain simplicity while obtaining accurate results (VanZomeren and Acevedo-

Mackey, 2019).  

A parameter is a measurable factor forming one of a set of parameters that defines a system, 

or in the case of CVI assessments, defines the condition of a coastal site. Prasad and Kumar 

(2014) state that assessing beach erosion involves integrating a five to six parameter function 

by measuring wave parameters (height, period, direction, and storm duration), surge and 

timing. The wave measurements are recorded offshore, or they are taken from global wave 

models offshore, so that parameters are free from near shore bathymetry. In regard to 

accurate shoreline change assessments, parameters that are measured are sedimentary 

dynamic, tidal current, wave action and estuarine and tidal channel displacements which 

play an important role in controlling coastal changes (Prasad and Kumar, 2014). Van Rijn 

(2011) explains that assessing coastal erosion depends on the type of coast, its exposure, 

wave climate, surge levels, sediment composition, beach slope and has both cross-shore and 

long shore components. Pramanik et al. (2016) compared eight studies that each used a 
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different combination of the following parameters: shoreline change, coastal elevation, 

coastal slope, geomorphology, sea level change, significant wave height, mean tidal range, 

storm surge, tsunami wave, population, and socioeconomic characteristics. Pramanik et al. 

(2016) highlights the significance of coastal elevation as a parameter for the analysis of 

coastal vulnerability due to the threat of sea level rise induced flooding. This study also states 

that many of these parameters are dynamic in nature, which are the physical parameters (sea 

level change, significant wave height, and mean tidal range), and comprehensive data is 

required for measures that can be potentially unavailable depending on the study area. Hamid 

et al. (2019) reviews multiple CVI assessments, stating that choosing parameters for the 

index is very complex and varies dramatically, with some studies including 54 parameters 

and others only including 3. The more parameters included in an index results in each 

parameter having a lower impact on the total relative vulnerability, unless parameters are 

weighted differently (Hamid et al., 2019). Parameter classification can fall into three groups. 

First, socio-economic, which includes population, cultural heritage, roads, railways, land 

use, and conservation status. Second, coastal characteristics, which includes solid geology, 

shoreline type, elevation, river mouths, orientation, and inland buffer. Third, coastal forcing, 

which includes significant wave height, tidal range, difference in storm and modal wave 

height, and storm frequency (McLaughlin and Cooper, 2010; Hamid et al., 2019). 

Ng et al. (2019) suggests that areas of high vulnerability should be addressed with other 

spatial information, such as protected areas or land use maps, depending on the study area 

and purpose of the study. This will identify high risk areas of economic, cultural, or 

ecological value to which management can engage in prior to secondary vulnerable areas. 

This method will also identify areas that are both of low vulnerability and are not of 

economic, cultural, or ecological value which can be suitable areas of potential future 

development. Palmer et al. (2011) describes the importance of weighted values among 

parameters that reflect each parameters level of importance regarding coastal protection. 

Palmer et al. (2011) also suggests the addition of points to areas with certain features, such 

as estuarine areas, to express the higher vulnerability to this area. Kantamaneni et al. (2018) 

assessed vulnerability using coastal economic vulnerability parameters alongside physical 

coastal vulnerability parameters. Examples of these economic parameters assessed were 

commercial properties, residential properties, etc. Numerous studies have expressed the 

importance of socioeconomic variables however many studies did not utilize them within 

their methods due to the uncertainty of quantifying them (VanZomeren and Acevedo-
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Mackey, 2019). In addition to the broad array of parameters chosen to assess vulnerability, 

there has been slight differences in how the relative CVI is calculated. Fundamentally, the 

total relative CVI is an expression of the sum of variables or the square root of sum of 

variables. 

More recently, visualization platforms have been utilized to express vulnerability in visual 

ways for an additional perspective (VanZomeren and Acevedo-Mackey, 2019). Many 

visualization platforms are readily available online. Visually displaying information will 

allow the target audience of a study, such as government or the public, to easily understand 

the information presented to them and will allow them to utilize it more easily as a decision-

making tool (Ramieri et al. 2011). Arkema et al. (2013) utilized InVEST (Integrated 

Valuation of Ecosystem Services and Tradeoffs) which maps the role that habitats play in 

providing protection as an ecosystem service, with regards to sea level rise in this study. GIS 

(Geographic Information System) applications include DSAS (Digital Shoreline Analysis 

System) and CERA (Coastal Erosion Risk Assessment) (VanZomeren and Acevedo-

Mackey, 2019). Historical maps, aerial photography, and more recent technology such as 

computer models can be used to detect the effects of coastal erosion over time (Prince 

Edward Island Department of Environment, Labour and Justice, 2011). 

2.3 Management strategies 

2.3.1 Coastal erosion management strategies 

Understanding a coastal location in its complexity is required to assign optimal management 

strategies that are best suited to address the impacts of climate change and sea level rise. 

Based on an evaluation of the location, management strategies may fall into one or more of 

the following categories which are to advance the line, hold the line, managed 

retreat/realignment, or no active intervention (Phillips et al. 2018). Advancing the line 

involves implementing seaward coastal defences, hold the line involves maintaining the 

current coastline position (by maintenance or addition of coastal defences), managed retreat 

involves relocating assets from high-risk areas inland or demolishing them, and no active 

interaction involves no further action or investment to the location (Phillips et al. 2018). 

Williams, Rangel-Buitrago, Pranzini, and Anfuso (2017) explore these categories along with 

accommodation which refers to adapting to natural processes, such as elevating 

infrastructure or growing salt tolerant crops. Wong et al. (2014) describes three general 
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categories in the IPCC Fifth Report. The first, protection of people, property, and 

infrastructure which involves coastal defences. Second, accommodation as an adaptive 

approach. Third, managed retreat as a final option. Davidson-Arnott and Ollerhead (2011) 

explain how the first option for management should be to allow landward movement of 

sandy materials so to preserve the coastal environment over time. Zhu, Linham, and Nicholls 

(2010) describe adaptation technologies using these three categories; protect, accommodate, 

and retreat. An effective management strategy will be composed of more than one adaptation 

technology. There are many adaptation strategies that compliment each other and compete 

against each other and there are many different combinations that can comprise an effective 

management strategy (Zhu et al., 2010). Regardless of if the management plan states to 

advance the line, retreat, or any of the strategies in between, there is a diverse range of 

technologies that aid in implementing each strategy.  

Coastal defences can be in the form of hard barriers or soft barriers and are employed for 

hold the line, accommodation and advance the line strategies. These types of structures either 

protect the back beach or protect sediment loss (Davidson-Arnott and Ollerhead, 2011). 

Examples of traditional management approaches include but are not limited to (Davidson-

Arnott and Ollerhead, 2011): 

 Seawall/revetment – Concrete, wood, and steel options which can be built to be ە

impermeable however there is a risk of erosion at toe.  

 Armour stone revetment – Generally expensive and especially expensive in Atlantic ە

Canada due to limited source of material and costs associated with transporting the 

materials. Works well and locks in well. High permeability to absorb wave action. 

 Groynes – Built perpendicular to the shore to capture longshore transport of ە

sediment.  

Using these traditional approaches may be necessary but they can be expensive to build and 

maintain. When these hard structures undergo maintenance, it may impair recreation, 

enhance erosion, degrade water quality, and negatively impact fisheries (Arkema, 2013). 

Natural defence mechanisms are gaining traction as a viable method to improve resilience 

of the coastline. Increased research to understand the roles natural defence mechanisms can 

perform in coastline management is required for comparison with hard, traditional defence 

mechanisms, which have clear understanding and probable results (Arkema, 2013). 

Ecosystem-based adaptation aims to protect and restore coastal natural systems that work 
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against the impacts of climate change (Wong et al., 2014). This method functions if 

quantitative data is available to confirm that these ecosystems can withstand the impacts 

compared to traditional approaches. Examples of natural approaches include (Davidson-

Arnott & Ollerhead, 2011): 

 .Barrier systems – Utilizes natural systems in defence of the shoreline ە

 Dune management – Maintains structural integrity of a sand dune system. No foot ە

traffic or vehicles permitted on the foredune are examples of regulations that could 

be put into place to protect dune degradation. 

 Nourishment – Supplementing a beach (usually of economic and social importance) ە

with the addition of sand or gravel which requires an extensive amount of sand. Long 

term planning is required as sand will need to be periodically replaced due to 

sediment lose. Potential for sediment recycling if sand transported longshore is 

salvageable.  

Sediments that form beach and dune systems will move landward over time with climate 

change and sea level rise if there is space available for this movement (Davidson-Arnott and 

Ollerhead, 2011). Hard defences obstruct coastal ecosystems from migrating landward as 

sea-level rises. Zhu, Linham, and Nicholls (2010) and Davidson-Arnott and Ollerhead 

(2011) explain “coastal squeeze” as a result of land areas between rising seas and hard 

defences, impacting intertidal environments such as salt marshes. Management strategies for 

the protection of salt marshes include setbacks, dyke reinforcement, and salt marsh 

restoration (Davidson-Arnott and Ollerhead, 2011). Regarding sea-level rise, dykes require 

human intervention to adapt by being raised and reinforced.  

Strong knowledge of erosional causes will define management strategies and may lead to 

composite strategies for a coastline. Management strategies may require readjustment as the 

implementation unfolds, where emergent events take place and thus an emergent strategy 

needs to be adapted with the intended strategy (Williams et al., 2017). Government policy 

and private actions are at the forefront of managing coastal erosion and are influenced by 

institutional, legal, technological, and financial availabilities. Long term implementation of 

coastal management plans are at risk of incompletion due to short political terms in 

government (William et al., 2017). Managed retreat is becoming more utilized where no 

economic infrastructure exists or where agricultural land is of low quality (Williams, 2017). 

Proactive planning reduces the need for reactive planning, which is usually more expensive 
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and less effective. Often, the technology and design for coastline management are chosen by 

landscaping or construction companies instead of qualified coastal engineers. This is 

common practice in Atlantic Canada which has led to failure of coastal protection and 

adverse effects on the coastline (Davidson-Arnott and Ollerhead, 2011).  

2.3.2 Aquatic bird habitat management strategies 

The coastal zone is home to a range of avian species who utilize the extensive diversity of 

ecosystems present on the coast. Seabirds, shorebirds, and wading birds each thrive in certain 

areas of the coastal zone. Characteristics of beaches, intertidal zones, coastal forests, and 

other coastal habitats all need to be considered for bird habitat management (Bock, 2014). 

Making space for nature, climate change adaptation strategies, salt marsh restoration, and 

managing wetlands for water birds are examples of how managers can improve management 

for conservation (Lawton et al., 2010; Wigand et al., 2017; Conservation Council of New 

Brunswick, 2007; Erwin et al., 2000). Effects of future sea level rise on coastal habitat 

signifies the need for accurate management strategies for species resilience in the coastal 

zone (Holle et al., 2019). A study by Lawton et al. (2010) describes methods on how to build 

an ecologically resilient network by providing ecological restoration zones, identifying and 

protecting ecosystem services, protecting and managing elements of the network in public 

ownership, and protection through designation or purchase. These strategies can be 

successful when proper management is put in place and management is held accountable. 

Successful management of designated wildlife sites, protected landscapes, and ecological 

networks can be supported with incentive schemes, habitat management and enhancements 

through payment for ecosystem services, and by providing integrated advice and support for 

management of the network. Climate change presents risk to coastal ecosystems with the 

most notable impact of sea level rise which can lead to loss of land due to erosion. 

Establishing new wildlife sites through habitat creation and restoration and improving 

connections for wildlife prior to climate change impacts will increase the adaptability of 

wildlife sites (Lawton et al., 2010). Erwin et al. (2000) describes unfavorable practices that 

negatively impact wetlands for waterbirds, highlighting that even though the remaining 

wetlands in North America are primarily managed for waterbirds, these ecosystems have 

suffered more loss and degradation than any other ecosystem in the world and that 50% of 

birds of concern in the United States depend on aquatic or wetland environments. Quality 

and quantity of suitable habitat for waterbirds both require appropriate management 
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practices, but important factors are sometimes not considered and lead to unfavorable 

environments. Contaminants and human disturbances are of high concern to coastal marshes 

and barrier island habitats (Erwin et al., 2000). Increase in population and recreation in 

coastal zones threaten the suitability of these habitats, especially nesting birds. Managing for 

waterbirds in these circumstances are suggested to be in the form of implementing regulatory 

action of land access and increasing environmental education for those utilizing water for 

recreation. Coastal marshes contribute to mosquito populations and management for this can 

be in the form of pesticide applications leading to contamination of habitats. Manipulating 

coastal marshes so that fish can reach mosquito breeding grounds is a more environmentally 

friendly strategy used to manage these pests but these changes to the structure of coastal 

marshes may not benefit waterbirds. Erwin et al. (2000) stresses the importance of large-

scale experimentation in wetland areas to better understand wetland dynamics, training of 

professionals in wetland ecology, and encouraging public wetland education including 

public school curriculum. Sadat-Noori et al. (2021) states that by 2100, 20 – 78% of global 

intertidal wetland area will be submerged due to sea level rise. These are staggering findings, 

but they do not come with a multitude of practical solutions to prevent or mitigate the 

impacts. Regarding the impacts of sea level rise on intertidal ecosystems, the four commonly 

used forms of management, according to Sadat-Noori et al. (2021), are 1. status quo 

(maintaining existing management strategy); 2. retreat landwards (horizontal migration); 3. 

sediment supply (vertical accretion) and 4. protection/defence measures. These four widely 

adopted measures for protecting intertidal ecosystems from sea level rise are not infallible 

because of uncertainty in accretion rates and the presence of physical barriers and land 

management complexities. These unknowns suggest that horizontal migration and vertical 

accretion management strategies may not be feasible for sufficient protection of intertidal 

ecosystems (Sadat-Noori et al., 2021). Sadat-Noori et al. (2021) suggest an eco-engineering 

solution, called the Tidal Replicate Method, for managing the impacts of sea level rise on 

intertidal ecosystems by assessing existing tidal dynamics and then replicating those 

conditions at the location threatened by sea level rise. This method involves determining the 

hydroperiod, which is the number of days per year that an area of land is wet or the length 

of time that there is standing water at a location, of an intertidal community such as a 

saltmarsh or mangrove. Frequency, depth, and duration of inundation in relation to the 

elevation are also determined for the area. Following the site analysis, an automated tidal 

control system, called a SmartGate, is installed at the entrance of the wetland or connecting 
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channel to create a synthesized tide. The SmartGate is controlled through a series of water 

level triggers that will promote target vegetation species establishment by creating the 

necessary tidal conditions. A relationship between tidal ranges and vegetation species needs 

to be established to determine the number of tides per year that will inundate a site which 

will help direct the function of the SmartGate. In the study by Sadat-Noori et al. (2021), the 

Tidal Replicate Method was applied at multiple Ramsar high value intertidal wetland 

communities and findings proved successful in re-establishing saltmarsh vegetation. This 

method was implemented at the Tamago Wetlands site in eastern Australia and results 

demonstrated saltmarsh growth and the return of migratory shorebirds over the 3-year period 

within the study. Therefore, this method can be applied to similar areas where they share 

geometry and boundary conditions. Sadat-Noori et al. (2021) lists the advantages of this 

method which are preservation and connectivity with the main tidal channel, no installation 

of permanent (fish) barriers (the system is open to flushing ~ 90% of the time), preservation 

of onsite soil/sediment characteristics, implemented onsite and modified based on accretion 

rates, requires one piece of infrastructure for its functionality (depending on the site 

geometry), limited ongoing maintenance, requires no large volumes of exotic foreign 

sediment (potential negative affect), and does not impact the existing onsite seedbank. The 

limitation to this method is the initial high cost associated with the hydraulic infrastructure 

and its installation and its inability to function where areas occur in places such as along the 

open coast or in a large oceanic embayment since a channelized entrance is required to 

control the areas hydrology (Sadat-Noori et al., 2021). 

2.3.3 National Wildlife Area management strategies 

In Canada, National Wildlife Areas (NWAs) are administered under the Wildlife Area 

Regulations and the Canada Wildlife Act. These marine and terrestrial areas are established 

as places for wildlife such as species at risk, migratory birds, or other wildlife. Classifications 

of areas vary and as such abide by their respected guidelines (Environment and Climate 

Change Canada, 2018). The management of these areas are directed so that wildlife is 

protected (Canada Wildlife Act, 2020). In such cases where these areas face drastic climatic 

events, such as increased coastal erosion due to sea level rise, the management strategies 

used to limit erosive processes is required to stay within the guidelines of the area while at 

the same time there are actions required in order to protect and preserve the ecosystems that 

sustain the wildlife under protection. The John Lusby Marsh National Wildlife Area is 
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located on the Bay of Fundy side of the Chignecto Isthmus. The management approaches 

for this area are comparable with those of CJNWA which state that coastal erosion is a top 

priority management challenge (ECCC, 2016). Coastal erosion and sea level rise are major 

threats and there is a management conflict of allowing natural processes to occur or 

implementing on-site protection which may not be practical due to financial resources. This 

statement is found repetitively throughout multiple management plans for NWAs including 

CJNWA, including the Management Plan for the Wallace Bay National Wildlife Area, a 

nearby NWA located in Nova Scotia (ECCC, 2018). National Wildlife Areas welcome 

visitors to explore the natural environment while respecting the guidelines put into place at 

each individual NWA. NWA’s and National Parks are similar in this regard. McCaffery 

(2017) assessed the effectiveness of signage and barriers to reduce sand dune erosion in 

Prince Edward Island National Park, Canada. This is a cost-effective method to reduce 

erosion and to provide education to site visitors.  

Canadian Wildlife Service (CWS) is the lowest funded government environmental 

organization in North America (Hyslop & Eagles, 2007). CWS manages and administers 

NWAs in Canada. NWAs in Canada each have a management plan and CWS is required to 

update NWA management plans every 10 years (ECCC, 2018). The low budget of CWS 

does not allow management approaches within NWA management plans to be put into 

action. Low budgets also contribute to lack of strategic thinking and planning from CWS 

which in turn limits funding towards management (Bickis, 2008). Comparison of national 

wildlife management strategies, assessments of visitor management policies, and understand 

what works where and why will aid in improving strategy for the CWS (Pack et al., 2013; 

Hyslop & Eagles, 2007; Bickis, 2008). Kouchibougauc National Park and Bouctouche 

Dunes Irving Eco-Centre protect coastal habitat within the same ecoregion as CJNWA 

(ECCC, 2018; Parks Canada, 2010). Assessing NWAs alongside other parks within the Parks 

Canada Agency and areas within the Department of Fisheries and Oceans will collectively 

improve the success of CWS management plans (Bickis, 2008).  
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3 Study area 

3.1 Current state of CJNWA 

Cape Jourimain National Wildlife Area (CJNWA) was established in 1980 and is one of 55 

NWAs in Canada, located on the New Brunswick coast of the Northumberland Strait (Figure 

3.1). The CJNWA designations include International Union for Conservation of Nature 

Category IV Protected Area, Cape Jourimain Lighthouse National Historic Site of Canada, 

and Connecting Canadians to Nature initiative. CJNWA serves as an important ecological, 

historical, economical, and educational site for Canada (Environment and Climate Change 

Canada, 2018). Research in the area has been primarily completed with Canadian Wildlife 

Service (CWS) which is a branch of Environment and Climate Change Canada (ECCC) and 

a broad overview of information on the area can be found in the Cape Jourimain National 

Wildlife Area Management Plan created by CWS in 2018.  

 

Figure 3.1: Map of the study area, Cape Jourimain NWA 

Cape Jourimain Nature Centre (CJNC) was established March 16, 2001, by an agreement 

with ECCC. They operate a visitor centre and an interpretation centre which are both located 
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on Jourimain Island and a network of walking trails that span from Jourimain Island into 

Trenholm Island. Over 80,000 visitors annually visit CJNC. Cape Jourimain Nature Centre 

(CJNC) aims to increase tourism at the site, as it serves for a place to connect people with 

nature. In recent years, there have been coastline trails which have eroded and will require 

management if the Nature Centre plans to increase foot traffic in these areas. Flood 

frequency, inundation, erosion, and biological effects are important factors to consider at 

CJNC that will have a socioeconomic impact on tourism as the changing climate persists 

(Klein and Nicholls, 1999).  

 

Figure 3.2: Aerial view of CJNWA showcasing the habitat diversity in the area. (Photo: A. 

Macfarlane © Environment and Climate Change Canada) 

The Northumberland Strait is a part of the Gulf of St. Lawrence which is a low energy system 

with less intense wave energy compared to the coast of the Atlantic. Maximum fetch at the 

study area is only about 50 km (Ollerhead, 2005). Tides here are semidiurnal with a 

maximum tidal range of 4 metres (Bowron et al., 2012). The Northumberland Strait has the 

warmest ocean water temperatures in Canada, potentially reaching 25°C, which promotes 

residential development along the coast (Environment and Climate Change Canada, 2018). 

Residential development in the area has led and continues to lead to infilling of salt marshes 
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which alters adjacent habitat (Conservation Council of New Brunswick, 2005; Bowron et 

al., 2012; Environment and Climate Change Canada, 2018). The regional geology is 

predominately late carboniferous sedimentary rock (sandstone). Erosive agents of these 

sediments contribute to create the extensive sandy beaches in the area that promotes the 

increase of residential areas. The topography of this coastal zone is of low elevation which 

is influenced by the transport of sandy materials (Ollerhead, 2005). Additionally, Atlantic 

Canada collectively faces threats from sea-level rise due to its land mass submerging from 

deglaciation (Shaw et al. 1998). A study by Ollerhead (2005) assessed shoreline 

recession/accretion rates of three areas of the study area which are the northwest side (west 

side of the causeway), the middle (seaward coastline of Jourimain Island), and the southeast 

side (east side of the causeway). Results conclude that the northwest shoreline is slowly 

eroding (mean rate of recession is 0.2 m•a-1), the seaward side of Jourimain Island is steadily 

eroding (mean rate of recession is 0.7 m•a-1), and the southeast side of Jourimain Island is 

rapidly eroding (mean rate of recession is 2.3 m•a-1) (Ollerhead, 2005). 

 

Figure 3.3: CJNWA map created for site visitors, indicating infrastructure and the trail 

system (ECCC). 
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The CJNC is located within the CJNWA and is composed of multiple buildings, a 15.5m tall 

heritage lighthouse, and 10.5km of trails (Figure 3.3). These trails are predominantly coastal, 

and some lengths of the trails have been impacted by coastal erosion and as a result they are 

closed. Due to coastal erosion, the lighthouse has been moved landward three times, most 

recently in 2016. This location is the narrowest part of the Northumberland Strait thus 

providing exceptional observation of offshore seabird and sea duck passage through the 

Strait. A causeway through the area was established in the mid 1960s which now connects 

to the Confederation Bridge, the link from New Brunswick to Prince Edward Island at the 

narrowest part of the Northumberland Strait. These constructions led to the formation of new 

habitats in the immediate area. Based on 1999 aerial photography of CJNWA, there is 240ha 

of salt marsh, 55ha of brackish ponds, 24ha of sand dunes, 18ha of freshwater marsh, and 

18ha of brackish marsh (Figure 3.2, Figure 3.4, Table 3.1). Roughly 170 species of native 

and migratory birds have been documented in these habitats (Environment and Climate 

Change Canada, 2018).  

 

Figure 3.4: Perimeter of CJNWA, indicated with a green line (Image from Google Earth). 

3.2 Background 

Davidson-Arnott and Ollerhead (2011) categorize cliff types in Atlantic Canada as resistant, 

moderately resistant, and weak. CJNWA is categorized as a weak cliff type due to erosion 
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of till in drumlins. Additional weak cliff types may be composed of sedimentary rock, such 

as sandstone and shale, or composed of glacial sediments, including till (Davidson-Arnott 

and Ollerhead, 2011). Kranck (1971) completed a study on surficial geology of the 

Northumberland Strait which found that the area surrounding CJNWA is composed of 

Buctouche sand and gravel (informal name), which is mainly sandy gravel with more than 

5% gravel. The study area also includes small sections of sandy beaches due to erosive agents 

on the sedimentary coastal cliffs. Pronk and Allard (2003) classify the low-lying area of 

CJNWA as the New Brunswick Lowlands which is largely underlain by Carboniferous 

sedimentary rocks which is red and grey sandstone and siltstone (Pronk and Allard, 2003). 

The area is composed of abundant melt-water channels, wide modern flood plains, peat bogs, 

and wetlands. As a result, this area is prone to flooding during high-water events and 

therefore sea level rise is of concern to the area (Pronk and Allard, 2003).  

Table 3.1: Habitat types of CJNWA (ECCC, 2018). 

 

CJNWA is composed of many landscape features including a sand dune along the northwest 

edge that rises to metres above the shoreline. This sand dune system protects the brackish 

marsh and is covered by marram grass (Ammophilia breviligulata) and small patches of 

Bayberry (Myrica pennsylvanica) (ECCC, 2018). Figure 3.5 displays photographs from the 

western edge of CJNWA. 
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Figure 3.5: Images of the sand dune along the northwest edge of Jourimain Island, CJNWA, 

taken on October 19, 2020. Image (b) is a broader visual of (a) where (a) shows a point with 

an eroding cliff face and wind-blown trees, a visual of the Confederation Bridge is seen in 

the background, the landform in (a) is visually identified as an area at risk due to the visual 

impact of erosion. Image (b) is a longshore image of the sand dune including the landform 

in image (a). Image (d) is a longshore image taken from the opposite direction as image (b) 

and shows the same dune system as in (b). Image (c) was taken from on top of the sand dune 

and displays the sandy barrier system with the presence of Marram grass which protects the 

brackish marsh ecosystem. (Photos: Cassandra Gautreau, 2020) 

The Confederation Bridge, or “the fixed link”, represents the longest bridge over ice covered 

waters. The bridge spans 12.9km. The pillars of the bridge are designed to break up the ice 

in the strait as the tides eb and flow which creates ice masses that scour the coastline and 

contribute to erosion (ECCC, 2018). Figure 3.6 displays photographs taken at the point 

where the Confederation Bridge attaches to mainland New Brunswick, on Jourimain Island. 

These images also display the surrounding rock armour at the point of attachment and the 

instability of cliff sediments near the rock armour.  

a b 

c d 



   23 
 

 

  

Figure 3.6: The Confederation Bridge attached to mainland New Brunswick, located along 

the northern edge of Jourimain Island, CJNWA. Hard defences were established at the point 

of attachment and can be clearly seen in image (b) and (c). Image (c) demonstrates the 

sediment type the rock armour is protecting from erosion. Image (a) displays a broad view 

of the coastline, from the Confederation Bridge down the coast, where the coastline is made 

up of highly erosive sandstone. (Photo: Cassandra Gautreau, taken October 19, 2020) 

Originally known as “the crossing place” by the Mi’kmaq, CJNWA was historically used as 

a passage from the mainland (now New Brunswick) to the island (now, Prince Edward 

Island) (ECCC, 2018). A system of dykes was constructed and the area was cleared for 

farmland, as seen in Figure 3.7. 

a 

b c 
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Figure 3.7: Aerial photograph of what is now known as CJNWA, taken 1935 (ECCC, 2018). 

The Cape Jourimain Lighthouse is located on the northeastern point of CJNWA. The 

lighthouse has been moved three times since its construction in 1869 and became operational 

in 1870. It decommissioned in 1997 when the ferry service halted due to the opening of the 

Confederation Bridge (ECCC, 2018). Figure 3.8 displays two images of the Cape Jourimain 

Lighthouse, taken at different locations during its lifetime.  
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Figure 3.8: The Cape Jourimain Lighthouse located on the eastern point of Jourimain 

Island, CJNWA. Image (a) shows the second location of the lighthouse where it stood from 

1955 until it was moved landward to its third location in 2016 as seen in image (b). Image 

(b) displays the lighthouse in its current position and the remains of its previous location 

can be seen in the foreground. During the 2016 move the lighthouse underwent extensive 

renovation. (Photo (a) retrieved from www.capejourimain.ca, photo (b) taken by Cassandra 

Gautreau, 2018). 

Cape Jourimain and NWAs in general restrict use within the protected area so that the area 

can function as its intended use. Accessibility is therefore limited for site visitors which may 

impact the observational research completed by visitors to the site since they are restricted 

to the trails available by CJNC. This limits the visitor/birder to the trails and to certain look 

off points, such as an osprey nest, skewing the data of sightings to these locations and the 

habitats viewed from these locations. CJNWA is composed of a range of habitats, each 

unique to a diverse range of birds and not all can be seen clearly from the limited number of 

trails available by CJNC (ECCC, 2018). Figure 3.5 displays shorebird tracks commonly 

found in CJNWA. 

a 

b 
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Figure 3.9: Shorebird tracks throughout the northwest sand dune system during low tide on 

October 19, 2020, at CJNWA. (Photo: Cassandra Gautreau, 2020) 

3.3 Scientific and practical value 

As climate change persists, Atlantic Canada is faced with challenges of managing and 

protecting its low lying and erosive coastlines. CJNWA has not drawn the attention of 

extensive research, especially with regards to erosion apart from a study on the impacts of 

the Confederation Bridge on shoreline evolution by Ollerhead, J. (2005). While CJNWA is 

first and foremost a place for wildlife, it is also a place where wildlife education is promoted. 

The results of this study will be an addition to its educational platform by informing tourists 

and the local community of CJNWA about coastal erosion and how these processes impact 

the ecosystems that the wildlife depend on while providing insight on ecosystem 

management and conservation techniques. Within the CJNWA Management Plan (ECCC, 

2018) there are many studies that are listed to be undertaken within the next several years, 

but none include assessing coastal erosion. However, the management plan states that 

understanding the threat coastal erosion to habitat loss is a top-level priority.  

There are many unique aspects to this study. In addition to a CVI, other factors are taken 

into consideration when assessing areas most at risk, such as habitats. Also, the importance 

of this area is that it is a national wildlife area and as such, it has certain limitations to 

management. The results finalized in this study will aid as a decision-making tool for 

multiple stakeholders, particularly CWS. This study uses cost-effective methods with the 

ability to be replicated in comparable studies and for expanding the research into other 

NWAs and along the coastline of the Northumberland Strait. Within many of the studies 

used for reference, the scale is quite large and thus the cell size reflects this to give an 
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assessment for a large area. Since CJNWA is composed of diverse coastlines at a small scale, 

smaller cell sizes have been chosen in order to ensure the capture of all characteristics.  
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4 Methods 

4.1 Key literature 

The methods outlined in the research methods have been adapted from Palmer et al. (2011) 

where five parameters have been critically assessed and chosen by a panel of specialists 

based on their importance and how easily they could be assessed. These five physical 

parameters are: beach width, dune width, distance of vegetation behind the back beach, 

percentage rocky outcrop, and 20 metres isobath. Two additional parameters included in the 

study by Palmer et al. (2011) are the additional weighting of vulnerable sites and additional 

weighting if the cell intersects an estuarine area. These additional weightings are not 

practical for the study area due to no presence of estuarine areas. Denner et al. (2015) and 

Kantamaneni et al. (2018) adopted these methods by Palmer et al. (2011) and applied them 

to their required scales. In these three studies, intervals along the length of the coastline were 

chosen and transect lines were created along these intervals where the measurements of the 

parameters were taken. Beach width is measured from the back beach to the mean low water 

mark (Denner et al., 2015; Kantamaneni et al., 2018) and is significantly important because 

the wider the beach, the more wave energy can be dissipated (Palmer et el. 2011). Dune 

width is determined by the distance between a pre-determined back beach coordinate to the 

nearest fully vegetated area or built structure (Denner et al., 2015; Kantamaneni et al., 2018) 

and is an important indicator of vulnerability because a wider dune signifies more available 

sediment (Palmer et el. 2011). Denner et al. (2015) and Kantamaneni et al. (2018) used a 

distance of 500m to determine the vegetation behind the back beach. Percentage rocky 

outcrop is determined by the percentage of exposed rocky outcrop along the transect line 

(Palmer et al., 2011; Denner et al., 2015; Kantamaneni et al., 2018). The parameter of 20 

metre isobath refers to the distance from the back beach coordinates out to a 20-metre depth 

and the larger the distance means a larger area for the wave action to dissipate before 

reaching the shore (Palmer et al. 2011). 

The methods by Palmer et al. (2011) will allow for accessibility when determining 

parameters and easily allows for the methods to be replicated. Using these methods also 

prevents the difficultly of measuring dynamic parameters, such as wave height, where 

comprehensive data is required for measures that can be potentially unavailable or difficult 

to acquire (Pramanik et al., 2016). The calculation used to determine total relative CVI will 

also be adapted from Palmer et al. (2011) where the total relative CVI is the sum of the 
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variables. Regardless of the parameters included in CVI assessment, the calculation for total 

relative vulnerability remains similar across studies. Socioeconomic parameters are not 

included within this study as the focus is on the ecological aspect and will assess coastal 

vulnerability alongside habitats.  

Measures of individual parameters occur along transect lines at each site and are in many 

studies translated to represent “cells”. The purpose of translating data collected along 

transect lines into cells is to enable a cost comparison. This allows for an assessment of risk 

on property cost per square foot. Regarding this study, transect lines are not translated into 

cells because it is the vulnerability of habitat that is the aim, not an assessment of economic 

loss. 

4.2 Research Methods 

4.2.1 Objective 1: Coastal Vulnerability Index 

To answer the first objective, the CVI applied to this study area involved the evaluation of 

physical parameters along the coastline of CJNWA. The coastline is around 6.7km and to 

precisely capture the coastal characteristics, data was collected from transect lines located 

every 50 metres for a total of around 76 transect lines around CJNWA. The five parameters 

assessed in the key literature by Palmer et al. (2011) are used for this study. Parameters were 

ranked from very low vulnerability to high vulnerability with a variable of 1 for low 

vulnerability and a variable of 4 for high vulnerability (see Table 4.1). Following the 

physical assessment, the ranks for each parameter for each site were added together to get 

the total relative CVI for all 76 sites (Table 4.2). The total relative CVI for each site ranged 

from a minimum of 4, being the lowest possible relative vulnerability, up to a maximum of 

20 being the highest vulnerability. Google Earth Pro was used to determine the dune width, 

distance to 20 metre isobath, and distance of vegetation behind the back beach using imagery 

data from July 17th, 2019. GeoNB Map Viewer was used to determine beach width and the 

percentage of rocky outcrop (Figure 4.1). 
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Figure 4.1: Two aerial images of CJNWA. Image (a) was obtained from GeoNB Map Viewer 

which was used to measure beach width and percentage rocky outcrop. Image (b) was 

obtained from Google Earth Pro and was used to measure dune width, distance of vegetation 

behind back beach, and distance to 20 metre isobath.   

Back beach site coordinates were established using a transect line around the exterior coastal 

area of CJNWA. Data was collected along the 6.7km coastline every 50 metres with a total 

of 76 sites assessed for beach width, dune width, distance of vegetation behind back beach, 

percentage rocky outcrop, and distance to 20 metres isobath. Sites were selected using the 

western most point of CJNWA as the initial site (Site #1) and moving along the coastline of 

CJNWA, establishing sites exactly every 50 metres following the most prominent identified 

coastline, as seen in Figure 4.2. 

a b 
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Figure 4.2: Location of CVI assessment sites within CJNWA on Google Earth Pro used to 

measure dune width, distance to 20 metre isobath, and distance of vegetation behind the 

back beach. Site locations were similarly placed on GeoNB Map Viewer to measure beach 

width and percentage rocky outcrop.  

Parameters were measured at the same location at each site, along a transect line (Figure 

4.3). Measurements were recorded as their actual values and fell into one of four catagories; 

very low (1), low (2), moderate (3), or high (4) (Table 4.1). Values for all five parameters 

were then added together for the total relative vulnerabilty rating, falling into one of five 

catagories; very low (1), low (2), moderate (3), high (4), or very high (5) (Table 4.2). 
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Figure 4.3: Parameter measurements at site #38, for example. Parameters depicted are 

distance vegetation behind back beach, dune width, beach width, and 20 metre isobath. For 

clarity within the illustration, parameter measurements are shown along separate transect 

lines, when in actuality, all parameters are measured along the same transect line. Rocky 

outcrop would be measured as a percentage along the transect line, however there is no 

rocky outcrop present at site #38 and so it has not been illustrated within the diagram, which 

is common of most sites in CJNWA. 

Table 4.1. Physical parameter ranks (adapted from Palmer et al. (2011)) 

Rank Very Low Low Moderate High 

Variable 1 2 3 4 

Beach width >150m 100-150m 50-100m <50m 

Dune width >150m 50-150m 25-50m <25m 

Dist. veg back beach >600m 200-600m 100-200m <100m 

% rocky outcrop >50% 20-50% 10-20% <10% 

Dist. to 20m isobath >4km 2-4km 1-2km <1km 

 

Table 4.2. Total Relative CVI (adapted from Denner et al. (2015) with adjusted values) 

Total Relative CVI Relative Vulnerability 

≥ 5 Very Low 

6 – 8 Low 

9 – 12 Moderate 

13 – 16 High 

17 – 20 Very High 
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Total relative CVI was calculated using the formula (adapted from Palmer et al. (2011) 

except for excluding the studies two additional parameters): 

𝑇𝑜𝑡𝑎𝑙 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐶𝑉𝐼 = 𝑎 + 𝑏 + 𝑐 + 𝑑 + 𝑒 

where a = beach width vulnerability score; b = dune width vulnerability score; c = distance 

to isobath vulnerability score; d = % rocky outcrop vulnerability score; e = distance 

vegetation behind back beach vulnerability score. 

Additional risks were included by Palmer et al. (2011) regarding sites across estuaries and if 

three critical factors, beach width, dune width, and distance to 20m isobath, were all 

maximum values leading to an additional weighting of 4 onto the total relative vulnerability. 

However, the methodology has been modified according to coastal environments, with the 

example of Davies (2012) who included avalanche risk instead of dune width in the 

Westfjords and Ng et al. (2015) who modified the method to accommodate the 20m isobath 

being close to the shoreline. Consequently, as there are no estuaries along the CJNWA 

shoreline and the distance to the 20m isobath is outside the 4km limit, the additional 

weightings in Palmer et al.’s (2011) original methodology do not apply and therefore not 

included. This means that the maximum score for each site is 20 (5 times 4) and the minimum 

score is 5 (5 times 1).  

Estuarine environments have a potential increased risk due to their sensitive nature and 

although some studies gave additional weighting for an estuarine parameter, this was not 

included in this study because of the high vulnerability scores estuarine sites received for 

certain selected parameters. Beach width and percentage rocky outcrop receive high 

vulnerability ratings since these two parameters do not exist at estuarine sites. This increases 

a site total relative vulnerability score which affirms estuarine areas as sensitive 

environments. 

The coastline of CJNWA is unique with diverse ecosystems throughout the area. CJNWA is 

composed of two main islands and a section of mainland NB. These three landmasses that 

embody CJNWA are interconnected by diverse habitats, which are predominantly 

marshland, and a causeway. Dune systems play and important role in CJNWA, as they 

protect the marshes and thus protect the ecosystems within them along with acting as an 

ecosystem themselves. Therefore, it is important to identify the risk not only to the coastline, 

but also to the habitats that play such an important role in species diversity of the area. 
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These five parameters are each measured using computer software and imagery, making CVI 

assessments accessible for anyone to calculate vulnerability without physically being at the 

study area. This is an important aspect of using the methods from Palmer et al. (2011) due 

to the current global pandemic from Covid-19. 

Beach width 

Beach width (BW) is determined by measuring the distance between the mean low water 

mark (MLWM) and a predetermined back beach coordinate which is found at 0 metre 

elevation using Google Earth. The tidal range at CJNWA is 1.2 – 1.8 metres. The tidal range 

at CJNWA falls on the lower spectrum of global tidal ranges and with data for MLWM 

proving challenging to source, it is not considered highly imperative for calculating beach 

width. Images from Google Earth Pro display tides more representative of the high-water 

mark and therefore additional sources of data were located. GeoNB Map Viewer is an online 

application comprised of geographic data from government organizations across New 

Brunswick, created by Service Nova Scotia, with the purpose of freely providing accurate 

and accessible geographic information to the public. The imagery basemap on GeoNB 

displays tides more representative of the low-water mark and clear 1 metre pixel resolution, 

as seen in Figure 4.1(a). GeoNB Map Viewer has a ruler tool which was used to determine 

beach width from the back beach coordinate to the low-water mark using their online 

application. 

Dune width 

Dune width (DW) is a measure of the sand dune width (metres) and includes mudflats and 

marsh areas because of their capacity to absorb wave action, similar to that of sand dunes 

which is why they are considered as such in this study. CJNWA is composed of a diverse 

network of marshes which are the ecosystems that give shelter to the diverse wetland species 

that CJNWA is known for. The extensive dune systems create a barrier between the ocean 

and both the brackish marsh which is located on the western edge of CJNWA and the 

saltwater marsh which is located on the eastern edge. These areas are included in the measure 

of dune width because the larger the marsh, the more absorptive capacity and increased 

ability to stabilize after an event, thereby reducing the sites vulnerability and improving 

resilience. Google Earth Pro was used to measure dune width using the ruler tool. 
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Distance vegetation behind back beach 

There are four main trails within CJNWA. Trenholm Trail, located on the east side of the 

causeway on Trenholm Island, is a 6km loop that generally follows the coastline. Jourimain 

Island has two trail systems on either side of the causeway. Gunning Trail, located on the 

northwest side of Jourimain Island, is a 2.5km return trip and was previously a loop until the 

north facing side of the trail eroded. The Lighthouse Trail located on the east side of 

Jourimain Island is a 2km loop that follows the coastline along the northeast side of the 

Island to the Cape Jourimain Lighthouse on the Island’s westernmost point. The Great Trail 

runs parallel closely to the Trans-Canada Highway so that the trail can continue across the 

Confederation Bridge, thereby connecting Prince Edward Island with the nation-wide trail 

system. This study considers the trails an important feature in the functionality of CJNWA. 

When assessing the distance of vegetation behind the back beach, trails are included as 

infrastructure at risk. Marshes are considered when measuring distance of vegetation behind 

back beach due to the presence of vegetation. The larger the distance of vegetation before a 

built structure will allow for landward movement of habitat as climate change persists and 

sea levels rise. Google Earth Pro and the applications ruler tool was utilized to measure the 

distance of vegetation behind the back beach coordinate. 

Percentage rocky outcrop 

The percentage of rocky outcrop was determined using GeoNB Map Viewer, specifically 

the basemap imagery for CJNWA. GeoNB Map Viewer depicts a well-defined view of 

CJNWA compared to that of Google Earth Pro. Difficulties occur when attempting to 

differentiate between sediment and rocky outcrop due to visual similarities between 

sediments and bedrock. Rock armour exists where the Confederation Bridge attaches to New 

Brunswick and is located at Site 34 and Site 35. Typically, rock armour is not considered 

when assessing percentage of rocky outcrop. However, because it acts as a barrier to prevent 

erosion similar to natural rocky outcrop, it was assessed as such. In a study by Denner et al. 

(2015), rock armour was included within the percentage of rocky outcrop due to minimal 

natural rocky outcrop and the extensive amount of rock armour along the coastlines which 

similarly acts to protect against erosion. Rocky outcrop was calculated as a percentage along 

a transect line from the MLWM to a predetermined back beach coordinate (0 metre 

elevation). Due to potential discrepancies when calculating the exact percent of rocky 

outcrop, values were estimated to fit into one of four rank categories in Table 4.1 which was 
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adopted from a study by Palmer et al. (2011). Davies (2012) also relied on placing values 

within four rank categories due to difficulties distinguishing between large rocks and rocky 

outcrop.  

Distance to 20 metre isobath 

Distance to 20 metre isobath was calculated on Google Earth Pro using the ruler tool and the 

elevation profile. The shallow depths of the central area of the Northumberland Strait reach 

a depth of 24 metres, however, results show all sites with a distance greater than 4km to their 

respective 20 metre isobath. Therefore, regarding the distance to the 20 metre isobath, site 

#1 through site #76 all scored very low for vulnerability. 

4.2.2 Objective 2: Evaluate habitats at risk 

There are many areas of importance in CJNWA, the most predominant being the habitats for 

wildlife, specifically species of migratory birds. These habitats were considered in 

combination with the areas which were assessed to be of high vulnerability. To do this, a 

coastal vulnerability map was created to display the total relative CVI of each site. An 

additional map was created that illustrates where the various habitats are located. The map 

of the habitat areas and species of birds was created from existing research supplied from 

CWS. The areas of CJNWA which were of high vulnerability, and which are also a 

designated area of importance was addressed within the assessment in the form of improving 

resilience in these areas. The management strategies that are provided in the plan will follow 

what is accepted within the guidelines of Canadian NWA’s. 

Habitat types present at CJNWA are saltmarsh, brackish marsh, freshwater marsh, sweet 

gale swamp, old field, sand dune, alder swamp, woodland, cedar swamp, shrub, and Acadian 

Forest (Figure 4.4). The saltmarsh and the brackish marsh are ecologically significant 

habitats and are located on the east and west side of the causeway, respectively. Figure 4.4 

displays where habitat types occur throughout CJNWA. 
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Figure 4.4: Map of CJNWA where ‘X’ indicates ecologically significant habitats (ECCC). 

Habitat types for each site were determined by referencing the results from the CVI with that 

of Figure 4.4. The transect lines used to determine the measures of the five parameters for 

the CVI were utilized to determine which habitat types aligned with each site. Habitats are 

listed in order of appearance beginning at the predetermined back beach coordinate and 

moving inland.  

4.2.3 Objective 3: Stakeholder engagement 

The final assessment was provided to the stakeholders. The CJNC board of directors are 

responsible for the infrastructure and the trails to which this document aids in decisions made 

concerning current and future developments as well as community and tourist education. 

The CWS is responsible for the entirety of the NWA except those areas with infrastructure 

and trails, therefore this assessment aids CWS in understanding which important habitats to 

protect based on their vulnerability to risk.  
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4.2.4 Objective 4: Management 

Informed by the vulnerability assessment (Objective 1) and identified vulnerable habitats 

(Objective 2), the assessment of habitats at risk from erosion was evaluated and presented to 

stakeholders (Objective 3). Management strategies were created based on the three prior 

objectives.  
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Chapter 5 Results 

5.1 Objective 1: Coastal Vulnerability Index 

5.1.1 Beach width 

Beach width data is graphically displayed in Figure 5.1, clearly indicating which sites are 

more vulnerable based on the parameter beach width. The graph shows variability 

throughout all CJNWA and in most instances there are similar measures of beach width 

between adjacent sites. Site #1 through to site #15 is an example where adjacent sites are 

similar. These adjacent similarities are due to the distance of 50 metres between sites, which 

is a relatively smaller distance between sites than other CVI studies within the literature 

review. The importance of the small distance between sites is to accurately assess the areas 

that represent the various habitats. Figure 5.4 displays site #27 through to site #49 possessing 

small beach widths. This span of coastline generally encompasses the northeast facing edge 

of CJNWA, located on Jourimain Island, which is the outermost land mass out in the 

Northumberland Strait. Site #60 through to site #65 shows beach widths of zero which is 

due to an estuary present at these sites. Estuaries are common throughout the area and range 

from very small to the largest one located at site #60 through to site #65.  

 

Figure 5.1: Beach width (metres) at all sites (1 – 76) at Cape Jourimain National Wildlife 

Area, represented in a graph. 
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Beach width measures range from a minimum of 0 metres (site #60 though to site #65) to a 

maximum of 612.9 metres located at site #57. These extremes range in vulnerability from 

very high to low, respectively. The average beach width is 189.35 metres which would fall 

into the vulnerability category very low. Regarding vulnerability ratings for beach width, 

36.8% of sites were categorized as very low vulnerability, 13.2% were low vulnerability, 

18.4% were moderate vulnerability, and 31.6% were high vulnerability.  

5.1.2 Dune width 

Dune width data is shown graphically in Figure 5.2. There are no dunes present in three 

sections of the study area. The two larger sections without dunes are located on the northeast 

facing edge of Jourimain Island, CJNWA. Site #25 to site #36 are 10 sites which span the 

length of coastline beginning at the western point of Jourimain Island and up to and including 

the point where Confederation Bridge attaches to New Brunswick. Site #40 to site #50 are 

located along the northeastern corner of Jourimain Island, where the Cape Jourimain 

Lighthouse is located. The smaller section is located on the eastern point of Trenholm Island 

at site #58 and site #59. 

 

Figure 5.2: Beach width (metres) at all sites (1 – 76) at Cape Jourimain National Wildlife 

Area, represented in a graph.  

Dune width measures range from a minimum of 0 metres (at 25 different sites throughout 
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vulnerability ratings for dune width, 50% of sites were categorized as very low vulnerability, 

9.2% were low vulnerability, 3.9% were moderate vulnerability, and 33.9% were high 

vulnerability. 

5.1.3 Distance vegetation behind back beach 

Data for distance of vegetation behind the back beach is graphically represented in Figure 

5.3. Sites classified as high vulnerability are generally located along Jourimain Island’s 

northern coastline, which is where the CJNC is located along with its associated 

infrastructure and trail systems, and on Jourimain Island’s eastern point where the Cape 

Jourimain Lighthouse is located. With respect to distance of vegetation behind the back 

beach, these high vulnerability areas are found at site #30 through to site #45. The large 

variation between these sites and other sites along CJNWA’s coastline is due to the 

infrastructure and trails. The extensive marsh systems at CJNWA explain the large measures 

of distance of vegetation behind the back beach. 

 

Figure 5.3. Distance vegetation behind back beach (metres) at all sites (1 – 76) at Cape 

Jourimain National Wildlife Area, represented in a graph. 
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sites were categorized as very low vulnerability, 17.1% were low vulnerability, 6.6% were 

moderate vulnerability, and 23.7% were high vulnerability. 

5.1.4 Percentage rocky outcrop 

The data for percentage rocky outcrop in Table 5.4 is graphically represented in Figure 5.4. 

All sites apart from 8 sites fell into the category very low vulnerability. Percentage rocky 

outcrop at site #34 and site #35 are categorized as very low vulnerability. These two sites 

are located where Confederation Bridge attaches to Jourimain Island and are composed of 

rock armour which was employed during the construction on the bridge.  

 

Figure 5.4: Percent rocky outcrop (%) at all sites (1 – 76) at Cape Jourimain National 

Wildlife Area, represented in a graph. 
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kilometres at both site #35 and site #36. Since it is the 4 kilometre mark that distinguishes 

between low and very low vulnerability, these 13 sites (site #35 through to site #48) that are 

categorised as very low vulnerability should be examined considering their proximity to the 

threshold. These sites are all located on Jourimain Island, the land mass furthest out into the 

Northumberland Strait. Site #35 is located on the east side of Confederation Bridge and the 

subsequent sites follow along the northern edge around the northeastern point of Cape 

Jourimain where the Cape Jourimain Lighthouse is located. The data for distance to 20 metre 

isobath is graphically represented in Figure 5.5, where sites near the 4 kilometre mark are 

observable. 

 

Figure 5.5: Distance to 20 metre isobath (metres) at all sites (1 – 76) at Cape Jourimain 

National Wildlife Area, represented in a graph. 

Distance to 20 metres isobath measures range from a minimum of 4.48 kilometres at site #35 
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vulnerability ratings for distance to 20 metre isobath, 100% of sites were categorized as very 

low vulnerability, leaving the additional three, higher vulnerability categories at 0%. 

Distance to 20 metre isobath acts as the least contributor to vulnerability at CJNWA which 

makes this parameter not a good indicator of coastal vulnerability for this study area. 
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5.1.6 Total CVI scores 

The results of the CVI for the 76 sites indicate vulnerability from low to very high, with no 

sites classified as very low vulnerability. Vulnerability varied throughout CJNWA, however 

many adjacent sites had similar total relative CVI scores. These similarities can be explained 

by the 50 metre distance between sites leading to sites having similar characteristics. The 

complete set of data from the CVI analysis is displayed in Table 5.1. 

Data for total relative vulnerability from Table 5.6 is graphically represented in Figure 5.6. 

From the graph, sites with similar total relative CVI scores are observable. The northwestern 

coast of CJNWA is characterized by a relatively low vulnerability up until near the northern 

point of the area on Jourimain Island, site #24, where the total relative CVI score rises above 

10. Total relative CVI scores continue above 10 for the northeastern coast of CJNWA, until 

site #51 is reached and continues until site #57. Site #58 through to site #76 are characterized 

by moderate and high vulnerabilities, with total relative CVI scores above 10. 

 

Figure 5.6: Total relative vulnerability for all sites (1 – 76) at Cape Jourimain NWA, 

represented in a graph.  

The length of coastline that is most vulnerable is the northeastern facing edge of CJNWA, 

specifically Jourimain Island. This span of coastline contains the 4 sites that had a total 

relative vulnerability of very high. Sites that scored very high were site #31, site #32, site 

#44, and site #45 and each with a score of 17.  

Table 5.1: Complete data set for CVI scores and relative vulnerability at CJNWA. Where 

‘BW’ is beach width, ‘DW’ is dune width, ‘DV’ is distance of vegetation behind the back 
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beach, ‘RO’ is percentage of rocky outcrop, ‘DI’ is distance to the ‘20’ metre isobath, ‘CVI’ 

is coastal vulnerability index, and ‘T’ is total relative vulnerability. 

 

Site # BW CVI BW DW CVI DW DV CVI DV RO CVI RO DI CVI DI T Risk

1 431 1 91.5 2 1135 1 <10 4 11.8 1 9 moderate

2 442.7 1 188 1 1086 1 <10 4 11.4 1 8 low

3 437.3 1 311 1 1008 1 <10 4 11.3 1 8 low

4 543.7 1 255 1 867 1 <10 4 11 1 8 low

5 517.1 1 251 1 871 1 <10 4 10.6 1 8 low

6 453.4 1 362 1 893 1 <10 4 10.5 1 8 low

7 442.3 1 399 1 810 1 <10 4 10.5 1 8 low

8 436.2 1 477 1 748 1 <10 4 10.3 1 8 low

9 459.2 1 507 1 671 1 <10 4 10.2 1 8 low

10 485.4 1 569 1 601 1 <10 4 10 1 8 low

11 506.4 1 558 1 555 2 <10 4 10 1 9 moderate

12 484.1 1 539 1 536 2 <10 4 9.95 1 9 moderate

13 459.3 1 363 1 551 2 <10 4 9.83 1 9 moderate

14 473.3 1 180 1 608 1 <10 4 9.84 1 8 low

15 465.4 1 225 1 699 1 <10 4 9.64 1 8 low

16 331.3 1 273 1 758 1 <10 4 9.58 1 8 low

17 178.5 1 255 1 751 1 <10 4 9.57 1 8 low

18 164.5 1 564 1 757 1 <10 4 9.49 1 8 low

19 150.1 1 658 1 759 1 <10 4 9.6 1 8 low

20 140.9 2 717 1 716 1 <10 4 9.66 1 9 moderate

21 140.1 2 702 1 709 1 <10 4 9.73 1 9 moderate

22 142.7 2 701 1 704 1 <10 4 8.43 1 9 moderate

23 121.5 2 700 1 698 1 <10 4 8.12 1 9 moderate

24 128.9 2 26.7 3 697 1 <10 4 7.98 1 11 moderate

25 120.9 2 0 4 281 2 10 to 20 3 8.09 1 12 moderate

26 108.4 2 0 4 317 2 20 to 50 2 8.26 1 11 moderate

27 70.2 3 0 4 252 2 10 to 20 3 8.25 1 13 high

28 70.3 3 0 4 224 2 10 to 20 3 7.4 1 13 high

29 82.6 3 0 4 160 3 10 to 20 3 7.02 1 14 high

30 68.1 3 0 4 6.56 4 <10 4 6.89 1 16 high

31 48 4 0 4 36.2 4 <10 4 6.81 1 17 very high

32 38.7 4 0 4 36.7 4 <10 4 6.69 1 17 very high

33 50 3 0 4 18.9 4 <10 4 6.4 1 16 high

34 34.2 4 0 4 3.1 4 >50 1 5.4 1 14 high

35 85.1 3 0 4 0 4 >50 1 4.48 1 13 high

36 63 3 0 4 31.5 4 20 to 50 2 4.48 1 14 high

37 68.5 3 8.18 4 33.1 4 <10 4 4.56 1 16 high

38 105.7 2 15.3 4 25.5 4 <10 4 4.6 1 15 high

39 100.8 2 10.3 4 25.8 4 <10 4 4.63 1 15 high

40 97.7 3 0 4 20 4 <10 4 4.65 1 16 high

41 75.8 3 0 4 16.8 4 <10 4 4.72 1 16 high

42 68.4 3 0 4 16.7 4 <10 4 4.71 1 16 high

43 64.7 3 0 4 23 4 <10 4 4.67 1 16 high

44 48 4 0 4 19.8 4 <10 4 4.63 1 17 very high

45 46.1 4 0 4 67.2 4 <10 4 4.58 1 17 very high

46 41.8 4 0 4 102 3 <10 4 4.72 1 16 high

47 39.1 4 0 4 217 2 <10 4 4.86 1 15 high

48 61.3 3 0 4 865 1 <10 4 4.94 1 13 high

49 72.6 3 0 4 1032 1 <10 4 5.08 1 13 high

50 128.3 2 0 4 1054 1 <10 4 5.42 1 12 moderate

51 168.5 1 1065 1 1079 1 <10 4 5.85 1 8 low

52 282.5 1 1051 1 1067 1 <10 4 6.59 1 8 low

53 322.8 1 1011 1 1028 1 <10 4 8.67 1 8 low

54 460.1 1 1028 1 1047 1 <10 4 8.87 1 8 low

55 354.9 1 1024 1 1042 1 <10 4 9.06 1 8 low

56 380 1 863 1 1005 1 <10 4 9.06 1 8 low

57 612.7 1 395 1 946 1 <10 4 6.4 1 8 low

58 593.7 1 0 4 110 3 <10 4 6.79 1 13 high

59 515.5 1 0 4 1340 1 <10 4 5.75 1 11 moderate

60 0 4 642 1 2469 1 <10 4 5.8 1 11 moderate

61 0 4 616 1 2421 1 <10 4 5.78 1 11 moderate

62 0 4 566 1 2106 1 <10 4 5.82 1 11 moderate

63 0 4 671 1 1349 1 <10 4 5.8 1 11 moderate

64 0 4 1171 1 1193 1 <10 4 5.73 1 11 moderate

65 0 4 637 1 1049 1 <10 4 5.69 1 11 moderate

66 42.5 4 489 1 894 1 <10 4 5.68 1 11 moderate

67 22.2 4 334 1 637 1 <10 4 5.68 1 11 moderate

68 22.1 4 146 2 522 2 <10 4 5.68 1 13 high

69 30.8 4 68.4 2 432 2 <10 4 5.87 1 13 high

70 30.6 4 46.6 3 364 2 <10 4 5.9 1 14 high

71 30.7 4 97 2 330 2 <10 4 5.9 1 13 high

72 28.8 4 130 2 240 2 <10 4 6 1 13 high

73 26.2 4 171 1 188 3 <10 4 5.92 1 13 high

74 27.2 4 78.1 2 130 3 <10 4 5.88 1 14 high

75 24.3 4 59.9 2 82.9 4 <10 4 5.7 1 15 high

76 20.9 4 29.8 3 48.2 4 <10 4 5.48 1 16 high
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Total relative vulnerability scores were categorised from very high vulnerability to low 

vulnerability. There were 4 sites that were categorized as very high vulnerability which 

accounts for 5.3% of total sites. High vulnerability accounted for 38.2% of total sites, with 

29 high vulnerability sites. Moderate vulnerability accounted for 27.6% of total sites, with 

21 moderate vulnerability sites. Low vulnerability accounted for 28.9% of total sites, with 

22 low vulnerability sites. The parameter which had the most sites categorized as high 

vulnerability was percentage of rocky outcrop with 69 sites (90% of the total sites) falling in 

the high vulnerability category. The parameter with the second highest was dune width with 

28 high vulnerability sites (36.9%), followed by beach width with 24 sites (31.6%), distance 

of vegetation behind back beach (23.7%), and distance to 20 metre isobath with 0 sites 

categorized as high vulnerability. Figure 5.7 displays the final total relative vulnerability in 

two similar ways. Figure 5.7 depicts the site numbers and vulnerability ratings, clearly 

indicating the level of vulnerability at each site.  

 

Figure 5.7: Individual sites at CJNWA, which shows a significant number of vulnerable 

areas along the northeastern facing side of the area, specifically Jourimain Island, site #27 

through to site #49. 
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5.2 Objective 2: Evaluate habitats at risk 

Table 5.2 lists total sites at CJNWA, with each site’s respective total relative CVI score, total 

relative vulnerability, and the habitat types that are located at the site. For example, the 

habitats listed for site #1 are ‘D + M’, which indicate that from the back beach coordinate of 

site #1 (see Figure 5.10) there is a sand dune present, followed by a sweet gale swamp further 

inland. These habitats at this location are moderately vulnerable. For an additional example 

from Table 5.8, the habitat types at site #14 through to site #16 indicate ‘D + B + FA + W’, 

which suggest that the habitats present at these three sites, beginning at the back beach 

coordinate, are sand dune, brackish marsh, Acadian forest, and woodland. These habitats at 

this area are rated low vulnerability.  

Table 5.2: List of habitats present at all sites, site #1 through to site #76, at CJNWA. 

Site CVI Vulnerability Habitats Site CVI Vulnerability Habitats 

 1 9 moderate D + M 39 15 high SA 
2 8 low D + M 40 16 high W 
3 8 low D + M 41 16 high W 
4 8 low D + B + M 42 16 high W 
5 8 low D + B + M 43 16 high W 
6 8 low D + B + M 44 17 very high W 
7 8 low D + B + M 45 17 very high SA + W 
8 8 low D + B + M 46 16 high W 
9 8 low D + B 47 15 high W 
10 8 low D + B 48 13 high SA + W 
11 9 moderate D + B 49 13 high SA + W 
12 9 moderate D + B 50 12 moderate S 
13 9 moderate D + B + W 51 8 low D + S 
14 8 low D + B + FA + W 52 8 low D + S 
15 8 low D + B + FA + W 53 8 low D + S 
16 8 low D + B + FA + W 54 8 low D + S 
17 8 low D + B + W 55 8 low D + S 
18 8 low D + B 56 8 low S 
19 8 low D + B 57 8 low S 
20 9 moderate D + B 58 13 high W 
21 9 moderate D + B 59 11 moderate W 
22 9 moderate D + B 60 11 moderate S 
23 9 moderate D + B 61 11 moderate S 
24 11 moderate D + B 62 11 moderate S 
25 12 moderate W 63 11 moderate S 
26 11 moderate W 64 11 moderate S 
27 13 high W 65 11 moderate S 
28 13 high W 66 11 moderate S 
29 14 high W 67 11 moderate S 
30 16 high W + C 68 13 high S 
31 17 very high SA 69 13 high SA + W 
32 17 very high SA 70 14 high SA + W 
33 16 high SA 71 13 high S + W 
34 14 high N/A 72 13 high S + SA 
35 13 high N/A 73 13 high S 
36 14 high W 74 14 high S 
37 16 high SA 75 15 high S 
38 15 high SA 76 16 high N/A 
Abbreviations for habitat type are (S) salt marsh, (B) brackish marsh, (F) freshwater marsh, (M) sweet gale swamp, (C) old field, (D) sand 

dune, (A) alder swamp, (W) woodland, (T) cedar swamp, (SA) shrub, (FA) Acadian forest, and (N/A) not applicable due to infrastructure.  
Listed in order of appearance as you move inland from the predetermined back beach coordinate. 
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Brackish marsh habitat is present at site #4 through to site #24 (Table 5.2). These 20 sites 

make up 1 kilometre of coastline along the west edge of CJNWA and have been categorised 

by the CVI as low and moderate total relative vulnerability. Saltmarsh habitat is present 

along three different coastal sections along the east edge of CJNWA which are located at 

site #51 through to site #57, site #60 through to site #68, and site #71 through to site #75. 

Site #51 through to site #57 encompass 350 metres of coastline and is categorized 

exclusively as low vulnerability. Site #60 through to site #68 encompass a stretch of coastline 

of 400 metres and is categorized as moderate vulnerability with the exception of site #68 

which is categorized as high vulnerability. Site #68 was rated high (a score of 4) for 2 

parameters, beach width and percentage rocky outcrop (Table 5.1), which increased the sites 

total relative vulnerability into the category of high vulnerability. Site #71 through to site 

#75 encompass 250 metres of coastline. These five sites are all rated as high vulnerability 

(Table 5.8), making this stretch of saltmarsh most vulnerable saltmarsh habitat in CJNWA. 

The high vulnerability for these two parameter ratings can be attributed to the high rating for 

both beach width and percentage rocky outcrop (Table 5.1). Collectively, saltmarsh habitat 

encompasses 1 kilometre of coastline along the east edge of CJNWA. Sand dunes are present 

at site #1 through to site #24 and at site #51 through to site #55 (Table 5.2). The sand dune 

locations listed in Table 5.8 are different than the presence of dunes listed within the CVI 

due to marshes and mudflats being included in the parameter dune width within the CVI. 

Sand dune presence at site #1 through to site #24 translate to a 1.2 kilometre stretch of 

coastline and are categorized as low and moderate vulnerability. Site #51 through to site #55 

is a 250 metre stretch of coastline and is categorized as low vulnerability.  

5.3 Objective 3: Stakeholder engagement 

The stakeholders of CJNWA include board members of CJNC, SCDI, and CWS employees 

who manage CJNWA. Results of the CVI were distributed to the stakeholders. An 

educational flyer was also graphically designed for stakeholders for use towards public 

education, outreach, and engagement (Appendix H).  
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Chapter 6 Discussion 

6.1 CVI assessment 

Understanding which characteristics make the coastline of CJNWA vulnerable and the level 

of risk are both objectives of this study to which the results provide information and are 

discussed in detail in the following sections. Individual parameters are ranked from very low 

vulnerability to high vulnerability. This should be kept in mind when reviewing this section 

so not to be confused with the total relative vulnerability scores which range from very low 

to very high vulnerability. High vulnerability is the top rank for individual parameters. Very 

high vulnerability is the top rank for total relative vulnerability.  

6.1.1 Very high vulnerability areas 

The CVI assessment identified four sites as very high vulnerability, which are site #31, site 

#32, site #44, and site #45. These four very high vulnerability sites are located on Jourimain 

Island along the coastline furthest seaward.  

Site #31 and site #32 

Site #31 and site #32 are located 175 metres and 125 metres west from where Confederation 

Bridge attaches to Jourimain Island, respectively, on the most seaward coastline of CJNWA. 

Beach width at these sites rank high, indicating that there is less than a 50 metre distance 

from the low water mark to the back beach. A smaller beach width reduces the area’s ability 

to dissipate wave action. Beach width results for these sites can be explained due to the sites 

seaward location. There is no presence of sand dunes and less than ten percent for rocky 

outcrop. These sites are characterized by the ecoregions geomorphology which describes 

sandstone as the primary bedrock. Sandstone eroded over time can create an extensive sandy 

beach, as seen in figure 6.1, where a sandy beach can be seen during a low tide. Although 

there is an abundance of sandy material, a sand dune system has not established which can 

be explained by the presence of a small cliff along this coastal site. High tides reach the cliff 

face at these sites, causing erosion of the sandstone with erosion most clearly be seen in 

figure 6.1 on the right edge of the coastline by observing where the land has dropped down 

from the cliff to beach level. These sites are just outside the length of coastline which is 

defended by rock armour to prevent erosion around the bridge infrastructure. If rock armour 

were continued to these sites, they would have both received a lower score for percentage 

rocky outcrop instead of a 4 (high). This would have decreased these sites from a very high 
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vulnerability score to a high vulnerability score due to rock armour being considered as 

rocky outcrop in this study. However, rock armour protection can cause downdrift erosion 

from energy reflection off the armour. These sites are located on the headland and as such 

they are subject to increased wave action as described by Van Rijn (2011). Distance of 

vegetation behind the back beach at these sites are both approximately 36 metres due to the 

importance of the trail system that is present 36 metres inland. If the trail was not included 

as infrastructure, the distance for this variable would be greater, resulting in the rank being 

lowered. The trail can be seen in figure 6.1 as well as a heavily forested area surrounding 

both sides of the trail. If erosion persists at these sites, the trail system could be relocated 

further inland. Distance to 20 metre isobath at site #31 and site #32 were 6.81km and 6.69km 

respectively and being of very low vulnerability, exceeding the moderate rank by over 1.5km 

making this parameter extremely low concern to both of these sites vulnerability. The habitat 

associated with both site #31 and site #32 is a shrub area (Table 5.8). Shrub area accounts 

for 27 hectares of land within CJNWA, 4.3% of the total area within CJNWA according to 

aerial photography in 1999 which includes tidal and wetland features. Ecologically 

significant areas are not present at these two sites. The very high vulnerability of this area 

coupled with the downdrift erosion from the rock armour, its location along the headland 

(Van Rijn, 2011), and the highly erodible substrate (ECCC, 2018) puts this area a high risk. 
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Figure 6.1: Site #31 and site #32 display a very high vulnerability section of coastal zone 

just west of the Confederation Bridge on Jourimain Island, CJNWA (Imagery from GeoNB 

Map Viewer). 

Site #44 and site #45 

Site #44 and site #45 represent the eastern point of Jourimain Island where the Cape 

Jourimain Lighthouse is located. Four parameters at these two sites are characterized as high 

vulnerability except for the 20 metre distance to isobath. Beach width values are approaching 

the threshold for a moderate ranking whereas most adjacent sites were ranked moderate. 

These results may imply that these sites may be less vulnerable since average beach width 

in the immediate area was ranked as being of moderate vulnerability rather than high. Dune 

width was ranked as very low vulnerability which is similar to all adjacent sites in the area 

which includes sites from site #40 through to site #50. Sand dune absence in the area is 

potentially due to the cliff formation that the high tide encounters regularly. High 

vulnerability ratings are allocated to distances under 100 metres for distance of vegetation 

behind the back beach and site #44 and site #45 have been ranked 19.8 metres and 67.2 

metres, respectively, both being of low vulnerability. The differences in these distances are 

attributed to the presence of the lighthouse and the trail system at the sites. Furthermore, 

sites adjacent to these may seem random due to variations of the trail system. There is no 
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rocky outcrop at these locations which make the area highly vulnerable, especially given that 

the cliff material is highly erodible. Distance to the 20 metre isobath is the sole variable that 

make these sites less vulnerable, however the distances are nearing the rank of moderate. 

Distance to the 20 metre isobath at site #44 and site #45 are 4.63km and 4.58km, 

respectively, implying they are close to the threshold of 4km which is when this variable is 

ranked as high vulnerability. If these sites had less of a distance to the 20 metre isobath they 

would be ranked as moderate vulnerability, making the sites total relative vulnerability 

greater. The total relative vulnerability of site #45 explains the urgency to relocate the 

lighthouse on three separate occasions since 1869. Furthermore, coastal erosion is 

responsible for the lighthouse’s first two locations currently being within the strait. Figure 

6.2 displays the current location of the lighthouse and the remnants where it stood at its 

previous location. Based on these results it can be interpreted that the current location of the 

lighthouse may not suffice in being inland far enough to protect it from future climatic 

impacts. The habitat associated with these sites are woodland, with site #45 initially 

including an area of shrubs. These high vulnerability areas do not have ecologically 

significant habitat present. This area is located on the headland and the cliff type consists of 

highly erodible sediment (ECCC, 2018), making this area high risk to rapid erosion (Van 

Rijn, 2011). 
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Figure 6.2: Site #44 and site #45 display a very high vulnerability section of coastline 

located on the eastern most point of Jourimain Island, CJNWA. The image also displays 

where the lighthouse currently stands at its third location. Remnants can also be seen where 

the lighthouse stood at its second location (Imagery from Google Earth). 

6.1.2 High vulnerability areas 

There are 29 sites at CJNWA that were identified as being of high vulnerability. Several of 

these sites are adjacent to one another, making a large length of coastline collectively of high 

vulnerability.  

Site #34 and site #35 

Site #34 and site #35 are located where the rock armour was put in place, where the 

Confederation Bridge attaches to New Brunswick, with sites being on opposite sides on the 

bridge (Figure 6.3). The fact that this area is of high vulnerability compared to being of very 

high vulnerability is due to the fact that rock armour is considered for the parameter 

percentage rocky outcrop within in study. A low rating for percentage rocky outcrop at these 

sites is due to rock armour being installed around the bridge infrastructure to prevent erosion. 

Because the bridge is estimated to prolong for at minimum one hundred years, coastal 

security measures were required to stabilize the immediate coast. Whether or not the rock 

armour will protect this area of coastline for the next 76 years is uncertain, depending on 
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management, given that this area is of high vulnerability as well as the adjacent coastline 

being ranked at least of high vulnerability with some sites being ranked as very high 

vulnerability. Given that these sites are located at the most prominent point of the headland 

on Jourimain Island, beach width measures for site #34 and site #35 are 34.2 metres and 85.1 

metres, respectively. Meaning that site #34 is within the high vulnerability rank for beach 

width and site #35 is of moderate vulnerability. This discrepancy is what led to the total 

relative vulnerability difference by one point between sites due to beach width. As figure 6.3 

displays, sand dunes are not present at these sites, which is characteristic of coastlines 

protected with rock armour. Vegetation behind the back beach is also largely absent at these 

sites due to the bridge and road infrastructure. Distance of 20 metres isobath at site #34 and 

site #35 is 5.4km and 4.48km, respectively, both ranking as high vulnerability. It should be 

addressed that site #35 is very close to the threshold of moderate vulnerability of less than 

4km, implying that this site could easily gain a point for this parameter. 

This high vulnerability area is most distinct of all sites within this study due to the presence 

of infrastructure, which includes the Trans-Canada Highway, access points to CJNC, and the 

Confederation Bridge. Most other sites in the CJNWA are characterized by having barely 

any infrastructure, other than trails which are commonly far from the coastline. Regarding 

the presence of ecologically significant habitat, there is none present at these sites. These 

sites are highly developed and show no risk to habitats if impacts due to future climatic 

effects occur here. However, infrastructure is at high risk and consideration should be given 

to this site for future management.  
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Figure 6.3: Site #34 and site #35 display a high vulnerability area located where the 

Confederation Bridge attaches to mainland New Brunswick, Jourimain Island, CJNWA 

(Imagery from GeoNB Map Viewer).  

Site #72 through to site #76 

These sites represent the last five sites of the total sites, located on the eastern side of 

CJNWA (Figure 6.4). This section of coastline is ranked as high vulnerability, which means 

they score between 13 and 16. For these sites, each have scored the same for beach width, 

percentage rocky outcrop, and distance to 20 metre isobath and have varying scores for dune 

width and distance of vegetation behind the back beach. Therefore, some sites along this 

length of coastline scored more towards a very high vulnerability or a moderate 

vulnerability. Distance to 20 metre isobath scored very low at these sites, making the area 

least at risk from this parameter. With essentially no rocky outcrop and minimal beach width, 

these two parameters contribute to the area’s vulnerability and places this area at risk to 

severe climatic events. Dune width varies due to the presence of a saltmarsh at site #72, site 

#73, and site #74. Marshes have a similar effect as a dune, absorbing wave action. In the 

case of site #73, for example, the saltmarsh extends 171 metres inland, efficiently absorbing 

wave energy to decrease its potential of reaching further inland. This saltmarsh also allows 

space for the dune to migrate landward thereby improving resilience to the site. Distance of 

vegetation behind the back beach decreases as site locations increase, moving to from low 
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risk at site #72 and site #73 to high risk at site #75 and site #76, due to a road that converges 

with the coastline near site #76. Due to these parameter results and a site analysis of the 

coastline, it is apparent why the total relative vulnerability scores along this section of 

coastline increase from a score of 13 for site #72 and site #73 consecutively up to a score of 

16 at site #76. The saltmarsh habitat present at these sites is defined as an ecologically 

significant area. Figure 6.4 shows the saltmarsh extending to the road, where there is 

insignificant potential for migration due to coastal squeeze. West of this saltmarsh is a forest 

area, however it is not within the boundaries of CJNWA and therefore management is not in 

the control of the stakeholders.  

 

Figure 6.4: Site #72 through to site #76 displaying high vulnerability areas along the eastern 

side of CJNWA on mainland New Brunswick (Imagery from GeoNB Map Viewer). 

6.1.3 Moderate vulnerability areas 

There are 21 sites at CJNWA that have been identified as moderate vulnerability. 

Site #59 through to site #66 

This length of coastline is represented by moderate vulnerability and is characterized by a 

inlet and an extensive network of saltmarshes. Sites were chosen every 50 metres which 

explains why some sites in this study occur over water in order to connect with other 

coastlines with continuity and unbiases in site selection. The tracing approach used for these 
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sites are not common and it is recommended that if replicated the tracing should occur on 

the inside of the marsh. Scores for a moderate vulnerability rank range from 9 to 12 and in 

the case of this location, all scores were 11 with each parameter receiving the same score for 

each site apart from site #59 and site #66. These two sites are located on each edge of the 

inlet. Beach width for site #59 scored very low and dune width scored high, whereas other 

sites in this area scored opposite for these two parameters. Regarding site #60 through to site 

#65 which are present within the mouth of the inlet, beach width and percentage rocky 

outcrop receive high vulnerability ratings since these two parameters do not exist at estuarine 

sites. The extensive saltmarsh system allows for landward migration which will aid in 

mitigating the effects of future sea level rise and the impacts of climate change. 

 

Figure 6.5: Site #59 through to site #66 displaying moderate vulnerability along an inlet 

that is present between Trenholm Island and mainland New Brunswick, on the eastern side 

of CJNWA. Here, salt water from the Northumberland Strait flows into the inlet, creating 

the extensive network of saltmarshes (imagery from GeoNB Map Viewer). 

6.1.4 Low vulnerability areas 

There are 22 sites that have been identified as low vulnerability.  

Site #2 through to site #10 

This length of coastline is located on the west side of CJNWA, between Trenholm Island 

and mainland New Brunswick and is comprised of a brackish marsh. These sites all received 

a score of 8, with each site scoring the same for each parameter. Total relative vulnerability 
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for low vulnerability is scored between 5 and 8 which means these sites are on the threshold 

for being of moderate vulnerability. Beach width, dune width, distance of vegetation behind 

the back beach, and distance to 20 metre isobath all received a very low rating for each site. 

Therefore, percentage rocky outcrop contributes to this area’s vulnerability with a score of 

4, high vulnerability, allotted to each site. The extensive brackish marsh at this location may 

have the capability of migrating landward as future climatic events persist, so long as the 

sand dune migrates in order to maintain proper salinity levels within the marsh to defend it 

as a brackish marsh. This area may also benefit from sediment deposition due to the erosive 

cliff substrate of the adjacent headland, since this area is located in a bay coastal form (Van 

Rijn, 2011). 

 

Figure 6.6: Site #2 through to site #10 displaying low vulnerability areas along a length of 

coastline on the western side of CJNWA where the brackish marsh connects mainland New 

Brunswick to Trenholm Island (Imagery from GeoNB Map Viewer). 
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6.1.5 CVI site comparison 

To receive a total relative vulnerability score of very high, the sum of the scores for the 

parameters needs to be a minimum amount of 17. In regard to this study, the parameter 

distance to 20 metre isobath ranked as very low at all sites which translates to a score of 1. 

For a site to receive a total relative vulnerability of very high, all other parameter ratings for 

the site must be ranked as high, given a score of 4, in order for the sum to reach a total of 17. 

Therefore, the maximum score that a site could receive in this study was a 17. Distance to 

20 metre isobath allows for CJNWA to be more resilient and is not a factor that contributes 

to the vulnerability of its coastline. Areas of very high vulnerability translates to every 

parameter other than distance to 20 metre isobath being scored with a 4 for high 

vulnerability. No sites received a total vulnerability score of very low which is due to there 

being essentially no rocky outcrop, which earns a score of 4, ranked as high vulnerability. 

Most sites scored a high vulnerability rating for rocky outcrop and because the total relative 

vulnerability for very low is less than 6, all parameters would need to receive a score of 1 

for a rank of very low total relative vulnerability. In the studies by Palmer et al. (2011) and 

Denner et al. (2015) two additional parameters were measured for a total of 7 parameters. 

These two parameters were not utilized within this study because they would not add to the 

total relative vulnerability based on the features of the study area. These two parameters are 

an additional weighting of 4 for highly vulnerable sites (if beach width, dune width, and 

distance to 20 metre isobath each score a 4), and an additional weighting of 4 if the cell 

intersects an estuarine area. There are no occurrences within this study where one site scores 

a high vulnerability in each of beach width, dune width, and distance to 20 metre isobath, 

due to distance to 20 metre isobath being the parameter of least risk to CJNWA, ranking as 

very low for all sites. Similarly, there are no locations within CJNWA where an estuary 

occurs, only inlets. Therefore, these two additional parameters would not allow any sites 

within this study to reach the rank of very high for total relative vulnerability when using the 

ranking scheme within the studies by Palmer et al. (2011) and Denner et al. (2015). 
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Table 6.1: Sum of scores of all 76 sites for each parameter, with the lowest possible amount 

being 76 and the highest being 304. Order of risk refers to the order of parameters which 

contribute to the areas risk, with 1 being the parameter that causes most risk and 5 being 

the parameter that causes the least risk.  

Parameter BW DW DV RO DI 

Sum of scores 186 173 153 290 76 

Order of risk 2 3 4 1 5 

 

Table 6.1 distinguishes which parameters contribute to CJNWA’s vulnerability. The sum of 

scores for percentage rocky outcrop is highest, contributing the most risk to the area. Sum 

of scores for all other parameters are significantly lower than percentage rocky outcrop. The 

second parameter most at risk to CJNWA is beach width, followed by dune width, and then 

distance of vegetation behind the back beach. Distance to 20 metre isobath poses the least 

risk to CJNWA with the lowest possible sum of scores. Percentage rocky outcrop accounts 

for CJNWA’s most concern for risk, it was also the parameter most challenging to measure 

due to difficulties in determining what was percentage rocky outcrop was what was not, with 

the exception of the rock armour at site #34 and site #35. 

6.2 Implications for habitats 

Ecologically significant habitat is critically identified as the saltwater marsh and brackish 

marsh. Total relative vulnerability at sites where these two habitats occur are not ranked as 

very high vulnerability, meaning that climatic effects do not pose as much risk to these 

habitats compared to other areas within CJNWA where habitats are not considered as 

ecologically significant. These ecologically significant habitats are not located on the 

headland and are therefore not subject to concentrated wave action (Van Rijn, 2011). This 

may lead to sediment deposition in these areas and these areas also face a reduction of wave 

energy due to the adjacent headland.  

6.2.1 Saltwater marsh 

Saltwater marsh habitat is extensive within the area, comprising 240 hectares of CJNWA, 

which is 39% of the total area. These saltmarsh areas are characterized predominantly as low 

vulnerability. A large dune width and beach width contribute to the saltwater marshes’ 

resilience, allowing the saltwater marshes time to adapt given future sea level rise. The large 
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area of saltwater marsh will also aid in the areas resilience by allowing for landward 

migration when future climatic effects arise. Limitations to this area’s resilience is the 

absence of rocky outcrop, which is a concern throughout the area. Easily erodible sandstone 

substrate is an attribute of the ecoregion and is a concern at saltmarsh sites, along the entire 

coastline of CJNWA, and along neighbouring coastlines throughout the Northumberland 

Strait. High tides combined with storm events will cause coastal erosion leading to increased 

sediment transport within the area. With increased sediment transport within the 

Northumberland Strait, there is potential for additional sediment to accumulate at the sand 

dune systems which will support the resilience and help the saltmarsh function. There is no 

hard infrastructure at saltmarsh sites other than the causeway located along the innermost 

perimeter of the saltmarsh and the adjacent perimeter of the saltmarsh consist of forest areas 

on the islands, which will prevent immediate concern of coastal squeeze by allowing for 

landward migration of the saltmarsh. However, the trail system on Trenholm Island may 

suffer from landward migration of the saltmarsh in the future.  

 

Figure 6.7: Site #50 through to site #58, displaying one of the areas of saltmarsh habitat on 

the east side of CJNWA, located between Jourimain Island and Trenholm Island (Imagery 

from Google Earth). 

Figure 6.7 displays a large parcel of the saltmarsh at CJNWA with the extensive sand dune 

established along its seaward perimeter. Site #51 through to site #56 all ranked low for total 
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relative vulnerability with all parameters scoring a 1, very low vulnerability, except for 

percentage rocky outcrop which scored a 4 at each of these sites which makes rocky outcrop 

the only contributor to vulnerability along this section of saltmarsh. 

6.2.2 Brackish marsh 

The brackish marsh habitat is located on the west side of CJNWA and accounts for 55 

hectares of CJNWA. The seaward perimeter of the brackish marsh is an extensive sand dune 

system that allows the marsh to function at an ideal salinity to support various species of 

birds that differ from the salt marsh located on the opposite side of the causeway. Future 

climatic events will ultimately influence whether the brackish marsh habitat at CJNWA 

perseveres. A storm event combined with a high tide could potentially impair the sand dune 

system, leading to a change in the brackish marshes salinity. Conversely, the sand dune 

system has the opportunity to migrate landward given the extensive real estate of vegetation 

before the causeway. In this instance, the rate of sand dune migration would need to be 

greater than the rate of sea-level rise in order to maintain the salinity levels that characterize 

this ecologically significant habitat as a brackish marsh. Therefore, sea level rise will have 

a significant effect on the ecosystem. Figure 6.8 displays a large parcel of the brackish marsh, 

where most sites are ranked low for their total relative vulnerability. Beach width, dune 

width, distance of vegetation behind the back beach, and distance to 20 metre isobath 

contribute to the brackish marshes very low vulnerability. These four parameters may 

prevent occurrences of overtopping or destruction of the sand dune system. A large beach 

width will help wave energy dissipate before reaching the back beach and a large dune width 

increases the sand dunes stability while absorbing wave energy.  
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Figure 6.8: Site #14 through to site #20, displaying both low and moderate vulnerability 

areas where the brackish marsh is present on the west side of CJNWA. A large sand dune 

system is present which currently protects the brackish marsh from saltwater intrusion, 

allowing for the brackish marsh to function as an ecologically significant habitat (Imagery 

from GeoNB Map Viewer). 

6.3 Management strategies 

Management strategies reviewed in chapter 2 provide insight for coastal management at 

CJNWA. Regarding CJNWA, strategies that are of natural characteristics and that are of low 

inputs and low costs will be primarily considered. Currently, as stated in the CJNWA 

management plan (ECCC, 2018), no active intervention is the management strategy for 

coastal erosion. Chapter 2.3.3 describes that the CWS is a low funded government 

organization (Hyslop & Eagles, 2007) which can explain the management strategy approach 

within the CJNWA management plan by ECCC (2018). The management strategies 

presented in the following sections for very high vulnerability areas and high vulnerability 

areas are techniques that fall into the category hold the line, as outlined in chapter 2.3.1. 

Management strategies for moderate vulnerability areas and low vulnerability areas fall into 

the category no active intervention, but a monitoring regime is recommended (Phillips et al., 

2018). Management strategies can be selected to improve the areas ecological, social, and 

economical features.  
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Management strategies to help reduce the risk of ecological impacts due to coastal 

vulnerability that should be considered include no hard physical intervention, signage, and 

site observations. Hard intervention management techniques, such as rock armour, are not 

suitable for ecological resilience and interrupt the functioning of ecosystems along the 

coastline (DavidsonArnott & Ollerhead, 2011). Educational signage should be implemented 

at ecologically significant areas to reduce foot traffic and increase awareness (McCaffery, 

2017). Utilizing additional outreach material using tools such as social media is 

recommended to reach a larger audience.  

Management strategies to help reduce the risk of social impacts due to coastal vulnerability 

include improving the trail system on Trenholm Island, improving education and outreach 

material, and increasing infrastructure for tourists at CJNWA (Erwin et al., 2000; 

McCaffery, 2017). By improving the accessibility and redirecting visitors to Trenholm 

Island it will allow for increased viewpoints for habitats and will reduce foot traffic in areas 

that are categorized as very high vulnerability. Additionally, diversifying the trail system to 

Trenholm Island can allow for closures to Gunning Trail and the Lighthouse Trail, during 

different seasons, for alterations and improvements. The Gunning Trail and the Lighthouse 

Trail both consist of areas that are of very high and high vulnerability where part of their 

trails run alongside the coastline. Technology should be utilized for education and citizen 

science at CJNWA and CJNC (Erwin, 2000). Fund and launch an interactive website or app 

that allows visitors to upload bird and wildlife sightings with exact location, general 

information, and photo. Allow visitors to view postings and get notifications when a sighting 

is listed. This will allow people to be connected with nature without actually being on site. 

This project could also be considered federally and be applied to all NWAs in Canada 

(Bickis, 2008). Regarding the current travel restrictions due to Covid-19 and the Canadian 

governments CCtN plan, it is likely that funding would be available to support such a project.  

Management strategies to help reduce the risk of economic impacts due to coastal 

vulnerability include monitoring shoreline changes in areas where infrastructure is present. 

The Confederation Bridge is located at a high vulnerability area and the surrounding sites 

are of both high vulnerability and very high vulnerability. Cape Jourimain Lighthouse is also 

located at a very high vulnerability area. Management strategies for these two locations are 

discussed in chapter 6.3.1 and chapter 6.3.2. 
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6.3.1 Managing very high vulnerability areas 

Site #31 and site #32 

This area (Figure 6.1) will benefit from bank stabilization techniques using vegetation that 

is already present at CJNWA, such as Marram grass (Ammophila breviligulata) and 

Bayberry (Myrica pennsylvanica). Beach nourishment is not recommended as it can damage 

habitat by covering food sources and by potentially introducing undesirable sediments and 

organisms to the environment (Erwin, 2000). It is also an expensive form of management 

that may need multiple applications when sediments erode over time. Educational signage 

is recommended along the trail addressing tourists to stay on the trail to protect the coastline 

from erosion (McCaffery, 2017). 

Site #44 and site #45 

At this area (Figure 6.2) it is recommended that similar management strategies as site #31 

and site #32 be implemented which is to increase bank stabilization using vegetation that is 

already present at CJNWA such as Marram grass (Ammophila breviligulata) and Bayberry 

(Myrica pennsylvanica) and to include educational signage at the area addressing tourists to 

stay back from the cliff to protect the coastline from erosion (DavidsonArnott & Ollerhead, 

2011; McCaffery, 2017). Purchase picnic tables and designate an area away from the 

coastline but ensuring there is a view of the lighthouse and Confederation Bridge. This will 

encourage tourists to use the picnic tables to rest or eat instead of venturing down onto the 

beach. Additionally, because there is no designated route onto the beach, an elevated wooden 

boardwalk and stairs combination could be constructed and raised above ground level to 

minimize disturbance to vegetation along the coastline, decreasing the potential of loose soil 

easily eroding away. A limitation to this infrastructure would be that the stairs would need 

to be taken up for the duration of the winter because of sea ice scouring the coastline. 

6.3.2 Managing high vulnerability areas 

Site #34 and site #35 

This location (Figure 6.3) is the only place within CJNWA where intervention using coastal 

defenses has been employed. The sediment around where the rock armour was installed at 

the bridge is clearly eroding. The bridge is expected to last 100 years and has been 

functioning for 26, which suggests the bridge will be operational for an additional 74 years. 
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Additional rock armour can be implemented at the site since the process of coastal erosion 

is affecting the areas around the rock armour. Vegetation can also be used for soil stability. 

Similar to site #44 and #45, construction of a designated beach access would help direct 

tourists onto the beach, as this location is ideal for an easily accessible photo opportunity of 

the Confederation Bridge and is used as such by tourists driving along the loop section of 

highway, underneath the overpass. There is currently only one designated beach access at 

CJNWA, near site #41. Designating a beach access at this location would prevent tourists 

dangerously accessing the beach by descending the rock armour or sliding down the small 

erodible cliff face. 

Site #72 through to site #76 

This location (Figure 6.4) is characterized by both saltmarsh and road infrastructure. The 

road connects the Trans Canada Highway with the small community of Cape Tormintine. 

Coastal squeeze of the saltmarsh may occur in the future from sea level rise due to the road 

and the saltmarsh will act to protect the road as it absorbs wave action. Purchasing the 

neighbouring forested area in Bayfield, just outside of the boundary of CJNWA, will allow 

for CWS to manage the area by allowing the saltmarsh to migrate landward (Figure 3.4) 

(Lawton et al., 2010). 

6.3.3 Managing moderate vulnerability areas 

These areas generally are present at sites where ecologically significant habitat are (Figure 

5.7). Both the saltmarsh and brackish marsh are found in moderate vulnerability areas. 

Consistent monitoring and completing a CVI in CJNWA as part of the ten-year NWA 

management plan requirement will determine if supplementary strategies are required 

(ECCC, 2018).  

6.3.4 Managing low vulnerability areas 

Similar to the above section 6.3.3, low vulnerability areas along both the saltmarsh and 

brackish marsh. Consistent monitoring and completing a CVI in CJNWA as part of the ten-

year NWA management plan requirement will determine if supplementary strategies are 

required (ECCC, 2018). 
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6.3.5 Future management  

The CVI should be completed every ten years as part of the requirement for CWS to review 

NWA management plans every ten years. Additional parameters can be added to the CVI 

that were unable to be measured within this study due to lack of on-site access due to Covid-

19. Consider making plans to reconstruct a dyke system. These were destroyed by a series 

of storms between 1915 and 1920 and had protected most of the marshes (ECCC, 2018). 

Partner with Mount Allison University, Université de Moncton, and the University of Prince 

Edward Island to construct research projects for graduate and undergraduate students that 

would support research at CJNWA and reduce costs associated with research (Erwin et al., 

2000). A fundraising strategy should be created and implemented at CJNC to cover the costs 

of educational material and outreach. Purchase neighbouring land to establish new wildlife 

sites through habitat creation in the forest area on both sides of the Trans Canada Highway 

before CJNWAs boundary and in Bayfield. 

6.3 Implication of results 

The aim of this study was to create an assessment that identifies coastal vulnerability and 

the risk to wildlife species and their habitat at CJNWA and suggest strategies to increase 

resilience. The objectives listed below clarify how the aim of this study was met.  

This study identified the parameters that led to understanding the vulnerability and 

development of management strategies that address these vulnerabilities will lead to greater 

resilience.  

Objective 1: Assess vulnerability of CJNWA using a CVI  

The first objective was met by using a CVI to determine the vulnerability of 76 sites at 

CJNWA. A distance of 50 metres between sites allowed for 76 sites to be created along the 

entirety of the coastline of CJNWA and each were categorized for total relative vulnerability. 

Results were clearly defined and analyzed.  

Objective 2: Evaluate vulnerable areas alongside ecologically significant habitats CJNWA 

The second objective was met by determining the type of habitat present at all 76 sites. 

Transect lines which were used to measure the parameters in objective 1 were used to find 
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the types of habitats by assessing which habitats intersected the transect line. This 

determined which habitats had corresponding sites of very low to very high vulnerability.  

Objective 3: Stakeholder engagement (CWS and CJNC) 

The third objective was met distributing the CVI assessment and the vulnerability to habitat 

assessment to stakeholders. 

Objective 4: Suggest management strategies to increase resilience to coastal risk 

The fourth objective was met by analyzing the results from objective 1 and objective 2 and 

determining management approaches that suited the results. Three management approaches 

were described that would reduce the risk of ecological, social, and economic impacts due 

to coastal vulnerability. 

Collectively, by meeting the above objectives, the aim of the study was reached. 

Covid-19 added limitations to this study by being denied site visits to take photographs of 

the study area. Site visits would have been beneficial for clarification of certain parameters 

and to assert accuracy. Percentage rocky outcrop was the most difficult parameter to 

determine based on clarity of aerial images. That being said, the CVI method was possible 

regardless of site visits which makes the CVI method applicable to study areas where 

coastlines may not be readily accessible. 

Research questions 

 ?What coastal characteristics make CJNWA vulnerable ە

A review of various methods to assess coastal vulnerability within chapter 2.2 and key 

literature in chapter 4.1 led to the development of research methods in chapter 4.2.1. Beach 

width, dune width, distance vegetation behind the back beach, percentage rocky outcrop, and 

distance to 20 metre isobath were assessed at CJNWA and the results in chapter 5.1 have 

shown that percentage rocky outcrop is the parameter which makes CJNWA most vulnerable 

to erosion, as seen in Table 6.1.  

 ?What is the level of risk along the coastal zone of CJNWA ە
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Level of risk was determined using a commonly used CVI method as described in chapter 

4.1 and parameters chosen based on the study area detailed in chapter 3. The results for total 

relative vulnerability in chapter 5.1.6 have found that the final scores for total relative 

vulnerability at CJNWA were very high (5.3%), high (38.2%), moderate (27.6%), low 

(28.9%), and very low (0%). Details of the level of risk for specific sites were addressed in 

chapter 6.1. 

 Which ecologically significant habitats will be impacted by climate change and sea ە

level rise? 

Utilizing the results in chapter 5.1 and the habitats mapped in Figure 4.4 it was determined 

that neither the saltmarsh habitat or the brackish marsh habitat are present at sites that are 

characterized as either very high vulnerability or high vulnerability as shown in the chapter 

5.2 and Table 5.2. 

 What management strategies will succeed in enhancing CJNWA’s coastline to ە

protect the vulnerable habitats currently present at CJNWA? 

Applying the literature of management strategies from chapter 2 and the vulnerability 

findings from chapter 5.1 and chapter 5.2, management strategies were recommended for 

very high vulnerability areas in chapter 6.3.1, high vulnerability areas in chapter 6.3.2, 

moderate vulnerability areas in chapter 6.3.3, and low vulnerability areas in chapter 6.3.4. 

Future management strategies are recommended in chapter 6.3.5. 
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Chapter 7 Conclusion 

The purpose of this study was to identify the vulnerable areas within CJNWA, specifically 

habitats, that will be affected by climate change and rising sea levels. A CVI method was 

used to determine the vulnerability of 76 location along the entire coastline of CJNWA. Of 

the 76 locations, there were two areas that registered as very high vulnerability, totalling 4 

sites of very high vulnerability out of 76. These two areas were located along the northern 

edge of CJNWA, on Jourimain Island which is the coast of New Brunswick that is nearest 

Prince Edward Island. The five parameters that were measured for vulnerability were beach 

width, dune width, distance of vegetation behind back beach, percentage rocky outcrop, and 

distance to 20 metre isobath. The parameters that led to these areas being categorized as very 

high vulnerability were beach width and percentage rocky outcrop. All four of the very high 

vulnerability sites scored a 4 (high) in both categories, beach width and percentage rocky 

outcrop. These very high vulnerability sites did not align with areas that were considered 

ecologically significant areas. Most sites that were considered ecologically significant were 

categorized as low vulnerability to moderate vulnerability, with a few exceptions of high 

vulnerability. For this study, the distance of 50 metres between sites was appropriate due to 

the abrupt changes in the habitats throughout the area. A CVI offers an accessible method 

for identifying relative vulnerability within a study area. The many examples of CVI 

approaches and the multitude of parameters allows for a CVI to be adapted to a study area 

based on its scale and environment.  

This study brings awareness to the impact climate change will have on the sensitive coastal 

ecosystems, leading to further research regarding vulnerability assessments for ecological 

significant habitat. This study brings acknowledgment of the limitations to managing coastal 

areas like CJNWA, and the difficulties managing NWAs in general. This study is significant 

in that it uses a CVI assessment in an environmentally protected area in order to assess the 

vulnerability of ecologically significant habitats which is very unique. By understanding the 

vulnerability and the parameters which cause the high vulnerability, management can 

improve to increase coastal resilience. Managing to protect coastal habitat benefits wildlife 

and human interactions with nature while protecting close coastal infrastructure.  
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Appendix B 

Data for beach width (BW) in metres for all sites at Cape Jourimain National Wildlife 

Area. 

Site BW Site BW Site BW Site BW 

1 431 20 140.9 39 100.8 58 593.7 

2 442.7 21 140.1 40 97.7 59 515.5 

3 437.3 22 142.7 41 75.8 60 0 

4 543.7 23 121.5 42 68.4 61 0 

5 517.1 24 128.9 43 64.7 62 0 

6 453.4 25 120.9 44 48 63 0 

7 442.3 26 108.4 45 46.1 64 0 

8 436.2 27 70.2 46 41.8 65 0 

9 459.2 28 70.3 47 39.1 66 42.5 

10 485.4 29 82.6 48 61.3 67 22.2 

11 506.4 30 68.1 49 72.6 68 22.1 

12 484.1 31 48 50 128.3 69 30.8 

13 459.3 32 38.7 51 168.5 70 30.6 

14 473.3 33 50 52 282.5 71 30.7 

15 465.4 34 34.2 53 322.8 72 28.8 

16 331.3 35 85.1 54 460.1 73 26.2 

17 178.5 36 63 55 354.9 74 27.2 

18 164.5 37 68.5 56 380 75 24.3 

19 150.1 38 105.7 57 612.7 76 20.9 

 

Appendix C 

Data for dune width (DW) in metres for all sites at Cape Jourimain National Wildlife Area. 

Site DW Site DW Site DW Site DW 

1 91.5 20 717 39 10.3 58 0 

2 188 21 702 40 0 59 0 

3 311 22 701 41 0 60 642 

4 255 23 700 42 0 61 616 

5 251 24 26.7 43 0 62 566 

6 362 25 0 44 0 63 671 

7 399 26 0 45 0 64 1171 

8 477 27 0 46 0 65 637 

9 507 28 0 47 0 66 489 

10 569 29 0 48 0 67 334 
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11 558 30 0 49 0 68 146 

12 539 31 0 50 0 69 68.4 

13 363 32 0 51 1065 70 46.6 

14 180 33 0 52 1051 71 97 

15 225 34 0 53 1011 72 130 

16 273 35 0 54 1028 73 171 

17 255 36 0 55 1024 74 78.1 

18 564 37 8.18 56 863 75 59.9 

19 658 38 15.3 57 395 76 29.8 

 

Appendix D 

Data for distance (metres) vegetation behind back beach (DV) for all sites at Cape 

Jourimain National Wildlife Area. 

Site DV Site DV Site DV Site DV 

1 1135 20 716 39 25.8 58 110 

2 1086 21 709 40 20 59 1340 

3 1008 22 704 41 16.8 60 2469 

4 867 23 698 42 16.7 61 2421 

5 871 24 697 43 23 62 2106 

6 893 25 281 44 19.8 63 1349 

7 810 26 317 45 67.2 64 1193 

8 748 27 252 46 102 65 1049 

9 671 28 224 47 217 66 894 

10 601 29 160 48 865 67 637 

11 555 30 6.56 49 1032 68 522 

12 536 31 36.2 50 1054 69 432 

13 551 32 36.7 51 1079 70 364 

14 608 33 18.9 52 1067 71 330 

15 699 34 3.1 53 1028 72 240 

16 758 35 0 54 1047 73 188 

17 751 36 31.5 55 1042 74 130 

18 757 37 33.1 56 1005 75 82.9 

19 759 38 25.5 57 946 76 48.2 
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Appendix E 

Data for percentage rocky outcrop (RO) for all sites along Cape Jourimain National 

Wildlife Area. 

Site RO Site RO Site RO Site RO 

1 <10 20 <10 39 <10 58 <10 

2 <10 21 <10 40 <10 59 <10 

3 <10 22 <10 41 <10 60 <10 

4 <10 23 <10 42 <10 61 <10 

5 <10 24 <10 43 <10 62 <10 

6 <10 25 10 to 20 44 <10 63 <10 

7 <10 26 20-50 45 <10 64 <10 

8 <10 27 10 to 20 46 <10 65 <10 

9 <10 28 10 to 20 47 <10 66 <10 

10 <10 29 10 to 20 48 <10 67 <10 

11 <10 30 <10 49 <10 68 <10 

12 <10 31 <10 50 <10 69 <10 

13 <10 32 <10 51 <10 70 <10 

14 <10 33 <10 52 <10 71 <10 

15 <10 34 >50 53 <10 72 <10 

16 <10 35 >50 54 <10 73 <10 

17 <10 36 20-50 55 <10 74 <10 

18 <10 37 <10 56 <10 75 <10 

19 <10 38 <10 57 <10 76 <10 

 

Appendix F 

Data for distance to 20 metre isobath (DI) for all sites along Cape Jourimain National 

Wildlife Area, measured in kms. 

Site DI Site DI Site DI Site DI 

1 11.8 20 9.66 39 4.63 58 6.79 

2 11.4 21 9.73 40 4.65 59 5.75 

3 11.3 22 8.43 41 4.72 60 5.8 

4 11 23 8.12 42 4.71 61 5.78 

5 10.6 24 7.98 43 4.67 62 5.82 

6 10.5 25 8.09 44 4.63 63 5.8 

7 10.5 26 8.26 45 4.58 64 5.73 

8 10.3 27 8.25 46 4.72 65 5.69 

9 10.2 28 7.4 47 4.86 66 5.68 

10 10 29 7.02 48 4.94 67 5.68 
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11 10 30 6.89 49 5.08 68 5.68 

12 9.95 31 6.81 50 5.42 69 5.87 

13 9.83 32 6.69 51 5.85 70 5.9 

14 9.84 33 6.4 52 6.59 71 5.9 

15 9.64 34 5.4 53 8.67 72 6 

16 9.58 35 4.48 54 8.87 73 5.92 

17 9.57 36 4.48 55 9.06 74 5.88 

18 9.49 37 4.56 56 9.06 75 5.7 

19 9.6 38 4.6 57 6.4 76 5.48 

 

Appendix G 

Total (T) relative CVI scores for all sites at CJNWA. 

Site T Site T Site T Site T 

1 9 20 9 39 15 58 13 

2 8 21 9 40 16 59 11 

3 8 22 9 41 16 60 11 

4 8 23 9 42 16 61 11 

5 8 24 11 43 16 62 11 

6 8 25 12 44 17 63 11 

7 8 26 11 45 17 64 11 

8 8 27 13 46 16 65 11 

9 8 28 13 47 15 66 11 

10 8 29 14 48 13 67 11 

11 9 30 16 49 13 68 13 

12 9 31 17 50 12 69 13 

13 9 32 17 51 8 70 14 

14 8 33 16 52 8 71 13 

15 8 34 14 53 8 72 13 

16 8 35 13 54 8 73 13 

17 8 36 14 55 8 74 14 

18 8 37 16 56 8 75 15 

19 8 38 15 57 8 76 16 
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Appendix H 

Example of education and outreach material  
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