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Abstract 

From the biggest fishery collapse in the history to a recent and limited reopening, the 

northern cod fishery of Newfoundland is now facing significant issues regarding its 

ecological and economic sustainability. Major pivotal factors influencing resource 

sustainability involve the predominant use of gillnets as the main fishing method and the 

perception of Atlantic cod as a low value commodity product. By considering gillnetting 

and two other fishing methods used in this fishery, handlines and Newfoundland cod pots, 

we identified strengths and weaknesses of each harvesting method as a basis for best 

practices management decisions. This assessment involves multi-criteria evaluations based 

on “ideal gear properties” identified by the International Council for the Exploration of the 

Sea (ICES) that was adapted to incorporate additional criteria based on data specific to this 

fishery and harvesting methods. An index scoring system involving 20 ecological, 

economic and social criteria was developed and used to assess the three gears. Catch 

related data were collected onboard commercial fishing vessels during 7 days of fishing 

and 15 structured interviews with fishermen were conducted in the economic and social 

criteria assessment. Literature reviews were also conducted to supplement these data. 

Handlining obtained the best results on each of the three main categories, with significant 

advantages with regard to collateral impacts on the marine ecosystem as well as economic 

and social incentives for an adaptive and accessible cod fishery. Newfoundland cod pots 

were evaluated with the second overall best results, offering benefits for cod population 

composition and interesting work conditions. Although this device presented economic 

disadvantages, Newfoundland cod pots ensure best quality of catches and therefore are an 

interesting option for a quality-based fishery. Though being the fishing gear the most 

widely in use by cod fishermen, bottom-set gillnets are the least sustainable fishing 

method. Its catch related advantageous, such as catch efficiency and size selectivity, seem 

nevertheless not adapted to the new quality-based fishery aimed at by many fishery 

stakeholders. There is therefore major rationale to promote the use of handlines and pots as 

these two fishing methods are easily complementary.  

Key words: Sustainability Index, Gillnets, Handlines, Cod pots, Best practices, 

Atlantic cod, Newfoundland. 
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Introduction  

Fishing activity is a keystone of Newfoundland culture and economy. The Newfoundland 

and Labrador seafood industry is valued at approximately $1 billion and employs more 

than 20,000 people in its various sectors (Government Newfoundland-Labrador, 2016), 

constituting the economic and social backbone of the region, especially for rural 

communities. Atlantic cod (Gadus morhua) in particular has shaped the history of the 

island of Newfoundland and its inhabitants, as its marine ecosystem once supported the 

most productive and largest cod fishery in the world (Hutchings & Myers. 1995), fished 

since the 1400s by European nations. But three decades of cumulative biological effects of 

intense over-fishing (Hutchings & Myers. 1995; Higgins 2009), has driven the species to 

commercial extinction. Since the 1960s the Spawning Stock Biomass (SSB) of the Atlantic 

cod population has been reduced by up to 99% in the 2J3KL NAFO management units of 

eastern Canada (COSEWIC, 2010). To save what remained and in order to rebuild the 

stock, a total commercial closure was imposed on July 2, 1992, creating an unprecedented 

social and economic upheaval for local fishermen and coastal communities that were 

almost totally dependent on the Atlantic cod fishery (Mason, 2002). 

The past decade has seen a small relative recovery of the Northern Cod stock, and since 

2006 a perennial small-scale, inshore commercial fishery in the eastern waters of 

Newfoundland has been reopened. This fishery, referred to as the “Northern Cod Science 

and Fisheries Stewardship Initiative in 2J3KL” (Government of Canada, 2006), restricts 

fishing gear and vessel sizes (fixed fishing gear; vessels < 65 ft.). In 2005 around 

5 800 000 kg of Atlantic cod were landed in the 2J3KL NAFO divisions, which represents 

approximately 40% of all cod landed in the Newfoundland and Labrador in 2015. This 

fishery, which we have called Inshore Northern Cod Fishery for simplification, served as 

the study area for this thesis, with emphasis on eastern Newfoundland waters. 

Yet far from its historical landings, the fishery put pressure on a cod population still 

considered being in the critical zone, as defined by the Precautionary Approach (PA) 

framework (DFO, 2009). According to the last Stock Assessment of Northern Cod in 
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NAFO Division 2J3KL (DFO 2, 2016), the SSB in 2015 was still 34% of the conservation 

Limit Reference Point (LRP) based on average SSB during the 1980s. Therefore, even if 

the Northern Cod stock shows positive trends, the species is still particularly fragile from 

unsustainable fishing practices. 

In this fishery, the majority of fishermen are using bottom-set gillnets as primary 

harvesting gear to fill their cod quotas (J. Diamond, DFO resource manager – pers. comm., 

2016). Many voices have however risen to denounce the negative effects of this gear. 

Gillnets have substantial collateral effects on marine ecosystems, including significant 

bycatch levels and habitat impact issues (Fuller et al. 2008; Davoren 2007). The extensive 

use of gillnets during the pre-moratorium cod fishery off Newfoundland had negative 

effects on the seabird populations (Regular et al. 2013). Economic and social concerns 

emerged as well related to the use of gillnet. The rather lower quality of catches with 

gillnets compared to other fishing methods and the inability to consider Atlantic cod as 

something other than a “global commodity” (Chapman, 2015) lead to low prices (DFO, 

2016). Consequently, a rather scarce resource fished for a low price lead to a lack of 

attractiveness and dynamism within the fishery. 

Due to the continuous relative recovery of the cod stocks, it is most likely that in the near 

future, a fully commercial scale cod fishery will reopen in the Newfoundland waters. In 

such scenario, Atlantic cod stakeholders by their choices will determine for decades the 

consequences for the marine environment and the fishing communities. While the main 

harvesting method is under severe criticism, it is important to pose a simple question: is it 

worth it? Many indicators suggest that it may be not and the lessons learned from the 

biggest failure of fishery management in the world should be considered as an opportunity 

to rethink the kind of fishery Newfoundland wants and impacts on the marine environment 

for future generations.    

In this study we aimed to contribute to the debate by identifying and promoting best 

fishing practices for the current and future cod fishery in Newfoundland. We chose to 

assess the main fishing gears used in the fishery (bottom-set gillnets, Newfoundland cod 

pots; handlines) using different criteria influencing sustainability. We based our analysis 

on indicators that reflect the three ecological, economic and social pillars of sustainability, 

as defined by the United Nations at the World Commission on Environment and 
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Development (1987). These sustainability aspects are interrelated, and indeed, only a 

healthy ecosystem would continue to provide fish on a medium-to-long term basis; thus 

ensuring stable incomes for fishermen. Similarly, only a fishery ensuring incomes and 

good work conditions would influence fishermen to favour environmental protection; thus 

avoiding social conflicts and promoting cooperation among marine stakeholders.  

This study is structured as follows: Chapter 1 presents the fishery context and concerns and 

identifies approaches to enhance sustainability. Chapter 2 presents the overall methodology 

used for this assessment, how and why we constructed our sustainability index, and for 

data collection. Chapter 3 outlines the specific methodology used to assess each of the 20 

sustainability criteria, and Chapter 4 addresses the results for each criterion. Chapter 5 

presents our final sustainability assessment, conclusions and recommendations. Study 

limitations and research gaps are considered.  

This study interest represents an initial project designed to contribute to discussions and 

reconsiderations of fishing practices, and to address data gaps and opinions among 

stakeholders.  
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1. The Newfoundland Inshore Northern 
Cod Fishery 

1.1. Species Biology 

Atlantic Cod (Gadus morhua) has a wide spatial distribution throughout the North Atlantic 

Ocean. In the eastern Atlantic these fish are found in the Barents Sea to Biscaya in the 

South, and from Greenland to North Carolina in the western Atlantic (COSEWIC 2010 – 

Figure 1). Atlantic Cod occurs around the island of Newfoundland with its population into 

different NAFO (Northwest Atlantic Fisheries Organization; 3K, 3L, 3Psn, 4R) and 

Oceans Canada management and provincial units (Figure 2).   

 

Figure 1: Global distribution of Atlantic cod (Gadus morhua). Source: COSEWIC, 2010. 
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Figure 2: NAFO (Northwest Atlantic Fisheries Organization) management units. Source: 

COSEWIC 2010. 

Gadus morhua is generally a medium sized fish, often reaching 40 inches in length, but 

catch of individuals up to 80 inches and 210 lb have been reported (Cohen et al. 1990). Its 

growth rate is usually high and slightly faster for females. Its flesh is firm, with little oil 

and characterized by slow deterioration after death, which explains why the species has 

been so heavily targeted by fisheries for hundreds of years (COSEWIC. 2010). 

This species is mainly demersal and lives in very cold to cold waters (0° to 15°C). Its 

habitat extends from the shoreline over the continental shelf, generally living at depths of 

150-200m, up to >600m (Cohen et al. 1990).  During the day Atlantic cod swim in 

compact schools 30-80m above the bottom. They are omnivorous and voracious, feeding 

continuously on plankton at the larval state and mainly on small crustaceans when 

juveniles (around 90% of their diet), and adults feed on invertebrates and fish, primarily on 

capelin (Mallotus villosus), mainly at dusk and dawn (Cohen et al. 1990). 

Atlantic cod in Newfoundland waters mature at 5-7 years, with a usual size ranging from 

15 up to 35 inches in length (COSEWIC 2010); the spawning period usually occurs in 

April to June. They spawn at or near the bottom, and larval fishes first settle on the bottom 
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becoming pelagic around 2.5 months. An Atlantic cod female produces around 1 million 

eggs, making the species one of the most fecund fish (Cohen et al. 1990). The bigger the 

female the more eggs produced (a 34kg female has been recorded producing up to 9 

million eggs) showing the importance of large spawners for the stock population.  

1.2. Relative Stock Recovery 

The past decade has seen a small relative recovery of the Northern Cod stock, with an 

upward trend of the Spawning Stock Biomass (SSB) index from 2005 (Figure 3 - DFO, 

2015). However, the cod population is still considered to be in the critical zone defined by 

the Precautionary Approach (PA) framework (DFO, 2009), in which the boundary between 

critical and cautious zones of the Northern Cod stock is defined by a conservation limit 

reference point (LRP) representing the average SSB during the 1980s (DFO 2, 2016). 

Indeed, stock updates for 2014 and 2015 from the most recent full assessment (2013) 

concluded that the three year average SSB was respectively 18% and 26% of the LRP 

(DFO, 2015). According to the last assessment (NAFO 2J3KL for 2016), the SSB in 2015 

was 34% of the LRP. Therefore, even while the Northern Cod stock shows positive trends, 

there are still many years before a full recovery.  

 

Figure 3: Spawning Stock Biomass of Atlantic Cod (2J3KL), 1983-2014 (Source: Northern 

(NAFO Divs. 2J3KL) Cod Stock Update, 2015) 
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Except for a restricted index/commercial inshore fishery that occurred between 1998 to 

2002, it was only in 2006 that a perennial small-scale, inshore commercial fishery in the 

eastern waters of Newfoundland reopened through the “Northern Cod Science and 

Fisheries Stewardship Initiative in 2J3KL” (Government of Canada, 2006). This fishery is 

restricted to fixed gear and small inshore to nearshore vessels only (< 65 ft.) and excluded 

fishing practices such as trawling or purse seines. During the last decade, fishers holding a 

proper license have been authorized to catch increasing amounts of Northern Cod since 

2006 (Figure 4).  

 

Figure 4: Quotas following the reopening Northern Cod Science and Fisheries 

Stewardship Initiative in 2J3KL 2006-2016 (Fisheries Management Decisions, DFO 

webpage & "Management of the Northern Cod Fishery: A Guide to Information Sources", 

Memorial University Libraries website). [* 2016 quota is on a weekly basis and through 

an extended season. 2016 season was open for 19 weeks, while previous year’s season 

quotas were based on three weeks only]. 

1.3. Current Inshore Fishery Landings  

As a consequence of the 1992 Moratorium, Atlantic cod species is no longer the 

predominant target for regional fishing communities.  In 2015, landings of Atlantic Cod 

were 10,723,041 kg for a value around $14.5 Million CAD for the Newfoundland and 

Labrador region. It corresponds respectively to 4.2% and 1.7% of the total annual seafood 

landings and value for the region (DFO, 2016). Indeed, following the fishing closure, most 

of the local communities shifted their activities towards the more lucrative crustacean 

fisheries – in 2015 the landed value of crustaceans represented 79% of the total region 
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production, and for example, a pound of cod was sold $0.606 while a pound of crab or 

shrimp was sold between $2-2.5 and Lobster $5.41 (DFO, regional statistics).  

Indeed, current landings are far below the historic maximum of  810,000,000 kg total catch 

of Northern Cod (approximately 1.3% of it) that occurred in 1968 (all countries combined) 

which is probably even underestimate due to discards and non-reporting of catches 

(Hutchings & Myers. 1995). Current fishing pressure on Northern cod population could 

therefore seem marginal in comparison, but it has to be considered in the context of the 

current stock population.    

In 2015, the reported landings of Atlantic cod in NAFO divisions 2J3KL (Figure 2) were 

4,436,000 kg including: 4,071,000 kg from the stewardship fishery, 268,000 kg attributed 

to the sentinel survey and 97,000 kg taken as by-catch by other Canadian and non-

Canadian fisheries (DFO, 2016). Catch estimations of the recreational fishery (maximum 

of 15 fish per boat per day during the fishing season) are widely unknown and therefore 

not included in these landings. It has been estimated, however, through tagging data that 

during the last decade removals from the recreational fishery were rather significant and 

around 30% of the stewardship fishery total catches (Stock Assessment of Northern cod 

2J3KL – DFO 2, 2016). Finally, catches of cod by non-Canadian fleets (at the limit of the 

Canadian EEZ on the “Nose of the Grand Bank” - Div. 3L) have been reported at 135, 000 

kg in 2015 (DFO 2, 2016). In total around 5 800 000 kg of Atlantic cod were fished in 

2015 in the 2J3KL NAFO division. Therefore, the 2J3KL stewardship landings alone 

represents around 70% of these catches, and around 40% of all cod landed in the 

Newfoundland and Labrador region in 2015. Thus, assessing the sustainability levels of 

current fishing gears in this eastern inshore fishery could potentially provide useful insights 

to promote a better management of the resource. 

1.4. Fishing Gears User in the Fishery  

Four harvesting methods are used in the Northern cod fishery (2J3KL): bottom-set gillnets, 

hand-lines, long-lines and Newfoundland cod pots. Most license holders use bottom-set 

gillnets, with no fewer than 1,421 fishers in 2015, followed by hand-lines (639), long-lines 

(68) and Newfoundland cod pots (<15). (J. Diamond, DFO resource manager – pers. 

comm., 2016). The latter two methods are relatively marginal in the current fishery but 
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seem to be increasing in use (J. Diamond, pers. comm. 2016). If a fisher used multiple gear 

types (i.e. gillnets and pots), they were counted in each category; therefore these numbers 

have to be considered cautiously. 

Although four fishing gears are used in this fishery, we decided not to include long-lines. 

Given the temporal and technical framework of this thesis it was not possible to collect 

personal data for this fishing method. The three standard versions of the fishing gears 

considered in this study are presented below. 

1.4.1. Bottom Fixed Gillnet 

A standard fixed bottom-set gillnet used in this fishery is typically 5.5" mesh size and 

about 300 feet long (Benjamins et al. 2008), with web made of green translucent 

monofilament. Beside the web, a complete gillnet includes an upper line embedded with 

plastic floats and a lead rope to maintain its vertical deployment, weights or anchors to fix 

the device to the seafloor and hauling ropes attached to buoys at each extremity (Figure 5) 

that allow fishermen to retrieve the gillnet onboard with the help of a mechanical hauling 

system. The catching method is passive; the fish do not see the mesh panel and get 

entangled in it. 

 

Figure 5: Illustration of a bottom-set gillnet (Brown 2016). 

1.4.2. Newfoundland Cod Pot 

The Newfoundland cod pot is a large rectangular box-like device that measures around 

6’x6’x41”.  It is characterized by a heavy collapsible frame of round reinforcing steel 

covered with 4’ mesh size netting (Figure 6). Each unit weights about 170 lb (Safer 2010). 

Two circular funnels, usually made of white nylon mesh (Meintzer et al. 2016), allow the 

cod to enter the device and a large expandable mesh roof serves as a cod-end, where the 
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fishes concentrate when the device is hauled. A bait-bag with capelin, for example, is 

suspended at the center of the gear. Although large, these pots can be stored on a fishing 

boat due to minimal surface occupancy owing to its collapsibility. Finally, a hauling rope 

attaching the device to a buoy allows fishermen to retrieve the pot with a hauling 

mechanical system.  

 

Figure 6: Deployment of a Newfoundland cod pot by fishermen from a fishing boat (photo: 

Y. Rouxel). 

1.4.3. Hand-line 

A hand-line is a simple fishing gear that consists of a line to which a weight and baited 

hook are attached. It includes a wooden jigging reel, 50 fathoms 60-lb. test monofilament 

line, usually Norwegian styled jigger with one to three baited hooks (Figure 7). The 

catching method is based on the visual stimulus made by fishermen when “jigging”; series 

of short pulls that makes the bait move up and down at a level where the cod are present. 

Most baits used in the fishery are artificial, though sometimes natural baits (e.g. squids) are 

used in addition. 
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Figure 7: a) Components of hand-lines (https://www.mercersmarine.com); 

 b) Cod caught with a hand-line around Baccalieu Island, Newfoundland (photo: Y. 

Rouxel). 

1.5. Fishery and Conservation Concerns 

1.5.1. Lack of Fishery Attractiveness  

Catches of Atlantic cod need be kept low to allow stock regrowth, as recommended by 

DFO (DFO 2, 2016). As cod sells at about $0.53 (CAD)/lb for inshore vessels in 

Newfoundland and Labrador (DFO, 2016), and lobster sells for approximately $5.4 

(CAD)/lb., fishermen need catch relatively large amount of cod to be cost-effective. 

However the regulation and state of the cod stock in 2J3KL seems adapted to a fishery 

based on a resource of relative low value, leading some fishermen to consider the cod 

fishery as not a priority (pers. discussions and obs.) because it is not really profitable for 

them. In some places, the lack of fish does not even allow fishermen to fill their quotas 

(personal discussions with fishermen near Cape St Mary, NL, Canada), suggesting that 

quotas may be too high and leading to unprofitable working days. Economic frictions with 

other fisheries are also a real limit to the attractiveness and development of the cod fishery 

in eastern Newfoundland. Indeed, the renewal of a cod fishery is even considered by some 

fishermen as a nuisance because increasing cod stock (predators on crab and shrimp) could 

serve as an impediment to fisheries targeting more valuable crustaceans (Baker, 2013). 

Some fishermen do not consider that a less lucrative fishery should develop and risk their 
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most profitable activity. Further, the waters off the coast of Newfoundland and Labrador 

are warming and could soon be too warm for some species such as snow crab and cold-

water shrimp (Baker, 2013), two current pillars of  Newfoundland fishing communities.  

Ensuring a reliable inshore cod fishery could benefit fishing communities for both the 

short- and long-term. One way of increasing the attractiveness of this fishery would be to 

promote fishing practices that aim for overall best sustainable outputs for the ecosystem 

(fastest recovery of stock), for better incomes and for the labour force (better working 

conditions). Besides the direct effects of such improvement it is also important to consider 

the new opportunities that a more sustainable fishery could open, such as certification 

opportunities and overall best market value for products. 

1.5.2. Re-Thinking Seafood Production and Consumption: Quality and 

Ethics  

Atlantic cod have been mainly fished for quantity, sold at low prices and shipped overseas 

for processing (Chapman, 2015). This “economic paradigm” is among the major reasons 

that led to the collapse of the cod stocks, deeply impacting Newfoundland coastal fishing 

communities for decades. Ensuring a living from a cheap product led often to intense over-

exploitation of the resource. It is therefore necessary to shift from a current economic 

paradigm considering “fish in general and cod in particular […] as a global commodity 

(Chapman, 2015), to a more sustainable use of this resource.  

Considering the current very low stocks of cod in the Newfoundland waters, it is vital to 

maximize the sustainability of how cod are harvested. One criterion that could help ensure 

the sustainability of this resource, as well as sufficient incomes for fishermen would be to 

consider Atlantic cod as a product of quality rather than quantity. This re-consideration 

could provide better incomes for fishermen and also put less pressure on the cod stock. The 

inclination of increasing quotas would be slowed, ensuring a wider comfort zone of 

precaution over-riding unsustainable practices. Ensuring the best quality of fish is therefore 

crucial for marketing valuation, which would promote an efficient compromise between 

economic and ecological concerns (Kurucz et al. 2013).  

The notion of quality over quantity is neither revolutionary nor new. Indeed, local 

fishermen called for such change during the past decade after witnessing their resources 
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depleted by overfishing practices. Since September 2015, provincial legislation allows 

individual Newfoundland and Labrador consumers and licenced restaurants to buy fish 

directly from harvesters (CNLR 1022/96, 2015) - buyers are willing to pay more for a fresh 

fish off of the boat - constituting a crucial improvement. Gaining better income from fewer 

fishes is possible, especially for a resource that faced such severe depletion, but a radical 

change of the paradigm that kept Atlantic cod as a global “raw material” commodity is 

necessary.  

Beyond this local scope, promoting value of wild harvested seafood falls within a more 

global concern. Owing to the limited resources of our planet and the continuously 

increasing demand for seafood products around the globe, it is absolutely necessary to 

reconsider how these products are valued (Kurucz et al 2013; Clayton & Myers 2015). 

While aquaculture is gaining in economic influence, it requires more nutrients [usually 

forage fishes] than it produces creating a net loss of production (Naylor et al. 2009). 2014 

has seen a new world record of fish supply reaching 20 kg per capita (FAO, 2016). 

Considering that 2050 projections of global population would be around 10 billion with 

increasing seafood consumption, and the general situation of world fish stocks (53% fully 

exploited and 32% overexploited, depleted, or recovering from depletion – FAO, 2011), 

most of the fish stocks could rapidly disappear. This problem is perfectly summarized by 

Kurucz et al. (2013): “whether we will proactively navigate towards positive change for 

our collective well-being or simply carry on with business as usual, hoping for the best 

until more negative, dramatic change finds us”.  

Consumer awareness concerning sustainability is increasing, currently representing a 

significant part of the market in which a more sustainable fishery could get best value of its 

products. A 2016 Marine Stewardship Council (MSC) consumer survey indicated that 

seafood consumers tend to put sustainability even before price and brand and that 54% are 

willing to pay more to get a sustainable seafood product and up to 72% considering that in 

order to “save the oceans”, consumers should consume only products from sustainable 

sources (survey involved 16,000 seafood consumers across 21 developed countries). 

Another survey in Belgium regarding consumer behaviour (Verbeke et al. 2007) indicated 

that sustainability and ethics related to fish are generally seen as important.  
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There is therefore commercial interest for the fishing industry to produce and promote 

“green fish” (Polet & Depestele, 2010), encouraging fishermen to adopt more 

“environment friendly” fishing practices to increase the value of their products. This thesis 

aims to contribute to this “win-win” relation for the marine ecosystem which fishermen are 

inseparably part of.  

Ensuring best sustainable practices could help promoting value of the product and 

therefore be part of this movement of “reconstructing value” that aims to support humanity 

to thrive within the carrying capacity of the biosphere, instead of the perpetual growth 

based model that is the driving force of global economies among developed nations 

(Kurucz et al. 2013). 

1.5.3. Collateral Effects of Fishing Gears  

No fishing gear is perfect and inevitably affects the marine ecosystem, so it is important to 

take into account these non-intentional effects of capture methods, in order to adopt 

proactive actions to reduce potential conflicts. Fuller et al. (2008) reported that there have 

been very few considerations made by Fisheries and Oceans Canada regarding habitat 

impacts and bycatch issues. Nevertheless it is well known that the fishing gears used in this 

fishery and throughout the world’s oceans can have significant effects on the marine 

ecosystem (e.g. Žydelis et al. 2009, Regular et al. 2013). Bottom-set gillnets for instance 

have incidental impacts on marine mammals (thousands of harp seals (Pagophilus 

groenlandicus) and harbour porpoises (Phocoena phocoena) caught annually in 

Newfoundland - Fuller et al. 2008), seabirds (3000 to 14 000 Common Murres (Uria 

aalge) caught between 2001 and 2003 on the northeast Newfoundland coast - Davoren, 

2007) and cold water corrals (Fuller et al. 2008). Little is known about hand-lining effects 

because no published data are available for hook and line fisheries in Atlantic Canada, 

while pots and trap bycatch effects appear to depend widely on target species and trap size 

(Fuller et al. 2008). 

Thus, this study contributes to filling the scientific gap regarding bycatch in the gears used 

in this small-scale inshore Newfoundland fishery, promoting conservation and stewardship 

among stakeholders. 
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1.5.4. Seabird Bycatch Mitigation Project 

As an initial basis for this study, we conducted a bycatch mitigation project aimed at 

reducing risks for seabirds being caught in gillnets. Comparison tests of fixed bottom-set 

gillnets (standard green translucent 5.5” mesh cod gillnet, 300 feet long) with two other 

simultaneously set identical gillnets, one with a series of 12 dangling 2' x 2' with 6" square 

black and white checkered high contrast warning panels (Figure 8 - Martin & Crawford, 

2015) attached along the top rope of the net; and another with 1' x 3' strips with 6" x 6" x 

6" Black/White/Black strips. Seven sets and hauls were run using soak times ranging from 

about 2 to 3.3 hr with unmanipulated control nets, 6 nets with striped panels and 5 with 

square panels in the vicinity of Baccalieu Island Seabird Ecological Reserve (Figure 8). 

Seabirds on the water within the 50 m of the boat during net setting and hauling were 

recorded as a measure of risk. Most birds observed were scavengers and surface feeders, 

mainly Herring Gulls (Larus argentatus), Great Black-backed Gulls (Larus marinus) and 

Northern Fulmars (Fulmarus glacialis), and occasional diving species like Northern 

Gannets (Morus bassanus), Common Murres (Uria aalge), Atlantic puffin (Fratercula 

arctica), Great shearwater (Puffinus gravis), Dovekie (Alle alle). 

 

Figure 8: Study site of the Seabird bycatch mitigation tests for 2016 (August to September) 

and warning panels used; red polygon indicates test area around Baccalieu Island Seabird 

Ecological Reserve (Newfoundland). 

For acceptance by fishermen, warning panels cannot negatively affect catches. We 

therefore measured catch rates for each test (number of fish per soak time – Table 1). 

Welch’s t test with a 95% confidence interval indicated no evidence of warning panel 

influence on catches. 
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Table 1: Results of Cod catch data per net treatment in the seabird bycatch mitigation 

project. 

 

Test 
Soak time 

[min] 

*Individuals 

Caught 

*Catch rate 

[fish/min] 

*Cod Fork-

Length [inches] 

*Cod Weight 

[kg] 

Net 

Treatment 
Amount Mean + SD Mean + SD Mean + SD N Mean + SD N Mean + SD 

Control 7 161.3 + 31.3 23.6 + 21.2 0.15 + 0.143 54 29.3 + 3.8 25 3.7 + 2.1 

Squares 5 151.6 + 65.4 19.0 + 20.6 0.12 + 0.102 44 30.0 + 4.2 43 4.0 + 2.3 

Stripes 6 157.0 + 32.0 16.3 + 12.8 0.11 + 0.073 36 28.0 + 4.9 31 3.6 + 2.0 

* Undersized cod (<18 inch) excluded. Welch’s t-tests results on catch rate values; [control net vs squared 

panels/ t = 0.48, df = 10, p-value = 0.64], [control net vs striped panels/ t = 0.74, df = 9.2, p-value = 0.48], 

[squared panels vs striped panels/ t = 0.21, df = 7.2, p-value = 0.84]. 

No seabirds were caught during the experiment, possibly owing to the few tests conducted 

and the very episodic occurrence of seabird bycatch in gillnets. Seabird bycatch is an issue 

in this fishery, but the nature of it requires large sample sizes to be tested. Research is 

ongoing. Another way to address this complex issue could be through a shift away from 

more problematic gears towards more sustainable methods, as pursued in this report.  

1.5.5. Shifting Gears  

Overfishing is considered as the most urgent problem for fisheries around the world. Yet 

the problem of marine degradation is addressed at the single-species level, though fishing 

activities generally impact the entire marine ecosystem (e.g. bycatch and discards, habitat 

impact, etc.). Therefore, in order to maintain the diversity and the health of our oceans it is 

absolutely necessary to address the overall impact of fishing through an ecosystem-based 

approach (Chuenpagdee et al. 2003).  

Many fisheries, including the Newfoundland cod fishery, use different fishing gears to 

target the same species (Fuller et al. 2008). But catching a same species with different 

devices can lead to various consequences and to different degrees of environmental and 

socio-economic impact. This is why fishing gears for example are main criteria of the best 

known Canadian sustainable seafood program “Sea Choice”. The same species can be 

ranked differently owing to its harvesting method (SeaChoice, 2016). Hence, evaluating 

overall sustainability of these “tools” could offer a relevant approach to promote healthy 

marine ecosystems, and to open discussions about shifting from high- to low-impact 

fishing practices (Fuller et al. 2008). 
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2. Sustainability Index Methodology 

2.1. Theoretical Framework 

2.1.1. Objective and Hypothesis  

No single capture method could be described as “an ideal gear”. Indeed, it depends 

strongly on a particular environment, its ecosystem and the targeted species, as well as our 

acceptance levels of collateral effects. It depends also fishery objectives and resource 

consideration.  

The fishing industry and conservationists often have different concerns regarding capture 

methods, with the former more concerned about reducing discards and economic losses, 

and the latter more concerned about ecosystem, especially habitat protection. The aim of 

this study is to achieve an ecological, economic and social compromise of these different 

concerns, to help ensure best practices for a dynamic fishing industry and healthy 

ecosystem. Our main hypothesis is that reducing the environmental impacts of fishing is 

compatible with a competitive fishery. Furthermore, demonstrating to the different 

stakeholders (especially fishermen) that one practice is better for overall sustainability 

could potentially reduce conflicts among stakeholders and offer a basis for dialogue and 

stewardship for better management solutions.  

The fishery of Newfoundland and Labrador is allegedly concerned about sustainability and 

about not reproducing errors of the past. Yet a recent scientific paper entitled “Northern 

cod comeback” (Rose & Rowe 2015) has precipitated ambiguous and hasty 

announcements in newspaper articles mentioning the northern cod population recovery. 

The science news web site SciencesDaily released an article entitled “The great northern 

cod comeback” (2015), soon followed by an article of the monthly magazine Fishermen’s 

Voice entitled “Cod Making Big Comeback Off Newfoundland and Labrador” (2016).  

In this context of high expectations from the fishing “industry” (and general public), there 

is risk of misleading stakeholders if this trend is not considered within its context of 
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previous stock levels. It is important to provide better information and alternatives of 

fishing methods before a full reopening of the fishery. This Masters study aims to 

contribute to the debate of ensuring the best practices of sustainability for this fishery 

instead of reproducing the same model that led Northern cod fishery to collapse. 

2.1.2. Holistic Sustainability Index 

While most studies published so far focused almost exclusively on fishing gears through 

the prism of habitat impacts, catch controllability, bycatch and/or discards (e.g. Polet & 

Depestele, 2010) or economic productivity (e.g. Sharma & Leung, 1998), very few have 

taken a more holistic and empirical analysis of fishery sustainability. As defined by the 

United Nation at the World Commission on Environment and Development (1987), 

“sustainable development seeks to achieve, in a balanced manner, economic development, 

social development and environmental protection”. Thus, since fisheries involve 

environmental pressure, economic output and labor, none of the three aspects of 

sustainability should be neglected in assessments of fishing practices and gears.  

The ICES Working Group on Fishing Technology and Fish Behaviour (ICES, 2006a) has 

provided an exercise that paved the way for “holistic” assessment. To identify 

“responsible fishing methods”, the ICES group analyzed several fishing gears in terms of 

“ideal gear properties”, in three categories: Catch Controllability, Environmental Impact 

and Operational Functionality (Table 2). 
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Table 2: “Ideal gear properties” as defined by the ICES Working Group on Fishing Technology and Fish Behaviour (Polet & 

Depestele 2010) 
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We used most of these “ideal gear” properties as base criteria for our sustainability index; 

aiming to identify which fishing gear among those mainly used in the Stewardship 

Initiative in 2J3KL inshore fishery, ensures the best sustainability for fishermen and the 

marine environment.  

We decided to include new criteria reflecting fishery characteristics (Table 3), notably 

catch efficiency (i.e. catch per unit time/effort) of the different gears. Such information was 

impossible to use in ICES global exercise, because fisheries are “dependent on the target 

species, location of the fishery, prevailing environment conditions, etc.” (Polet & 

Depestele, 2010). We therefore integrated as much of our own data, collected during field 

work (e.g. size selectivity, catch efficiency, undersized catch, perceptions of work 

conditions, etc.), as possible. Social Criteria refer here to work conditions and accessibility 

of the fishery. 

Table 3: Totality of criteria used in the sustainability index. 

Ecologic Criteria Economic Criteria Social Criteria 

Habitat Impact Catch Efficiency Safety 

Ghost Fishing Flexibility and Reliability Ease of Use 

Bycatch Size and Weight Selectivity Physical Strain and Fatigue 

Undersized Catch Catch Quality  Crew Requirement 

Post-Release Mortality Bait Weather Dependency 

Population Influence  Initial Cost 
 

 
Tool Requirements 

 

 
Durability 

 

 
Energy Cost 

 

Each of the three methods for cod fishing was assessed with respect to these 20 “ideal 

gear” criteria, and a simple scoring system was defined to assess sustainability. Because 

studying the complete impacts of fishing gears on the marine environment is highly 

complex and could hardly be conducted in a Masters’ thesis temporal and technical 

framework, this report focused on measurable effects that these gears can have on the 

ecosystem (e.g. bycatch, catch size, etc.). This study makes no pretention to assess all of 

the impacts of the fishing gears; especially regarding indirect and long-term effects (e.g. 

ecosystem change, etc.). All criteria mainly based on our own data collection mostly reflect 
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potentiality and trends identified on a rather small scale and short temporal framework. 

This study will assess which capture method seems the best adapted for this particular 

inshore fishery of eastern Newfoundland.  

2.2. Index Assessment Scoring System 

The ranking system and the designation of overall sustainability were based on a three 

steps scoring assessment: from criterion level, to category and till the final sustainability 

assessment (Figure 9). Owing to the number of criteria assessed and the difficulties in 

quantifying many of them, this ranking system provides an ordinal qualitative comparison 

among the gears. It is very likely that some criteria are more important than others from a 

fishing or conservation perspective, but by giving each criterion an equal weighting in the 

analysis provides a robust assessment of the overall sustainability of the different fishing 

methods. Non-independence of some criteria, such as Undersized Catch vs Post-Release 

Mortality or Catch Quality vs Weather Dependency, can also be argued. Nevertheless, we 

conducted separated analysis in order to identify the very specific issues and rooms of 

improvement for each gear. We believe presenting our results as a “catalogue” would ease 

the adoption of our study by the different fishery stakeholder.  
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Figure 9: Index Assessment Scoring System 

Step 1 – Criteria Assessment 

Ranking was attributed by the positive and negative features and implications of each 

device according to the different criteria. For each criterion, we comparatively ranked 

bottom-set gillnet, hand-line and Newfoundland cod pot; first (1), second (2) or third (3). 

For some criteria it was not possible to distinguish between two fishing gears given our 

current data and state of scientific knowledge. In these circumstances we applied tied 

ranks, i.e. the mean score of the two ranks. For instance, if two gears could not be 

distinguished on ranks 2 and 3, each received a rank of 2.5. For visualization, each 

rank/score was associated with a specific color, with the color gradient going from positive 

to negative; deep-green, light-green, yellow, orange, red (Figure 9). To ease 
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comprehension on Criteria Assessments we presented results on a card system which 

indicates the ranks attributed to each fishing gear. Note that the direction of the gradient 

pictured on the “card system” varied from criteria; increasing (1 to 3) for negative 

criterions and decreasing (3 to 1) for positive criterions, in order to facilitate reading and 

comprehension of gears characteristics.  

Step 2 – Category Assessment 

When all criteria of one category (ecologic, economic, social) were assessed, the modal 

value was calculated for each gear (Figure 9). This value indicated the category rank (from 

1 to 3). When the value was bi- or multimodal, the category “score” was the value 

corresponding to the unassigned rank between the three gears. 

Step 3 – Sustainability Assessment 

The final sustainability score was calculated for each gear using the same procedure used 

for categories. We calculated the mode from the three categories score (Figure 9) to 

determine final sustainability ranks for each of the three fishing gears. To identify the 

overall best practices, the three components of sustainability were weighted equally. These 

components are interrelated, e.g., only a healthy ecosystem would provide fish on a 

medium-to-long term basis, ensuring income for fishermen. Similarly, only a fishery 

ensuring reasonable incomes and good work conditions would make fishermen favour 

environmental protection; thereby avoiding social conflicts and promoting cooperation 

among marine stakeholders. 

2.3. Data Collection and Study Area 

2.3.1. Fishing Gear Catches  

Data were collected onboard two commercial fishing vessels (Zander 30’ longliner out of 

Bay de Verde; Lady Easton 45’ longliner out of Musgrave Harbour) targeting Atlantic cod 

off the east coast of Newfoundland (Figure 10), in NAFO divisions 3KL. Data were 

collected during 7 days of fishing (4 from Bay de Verde and 3 from Musgrave Harbour) 

from late August (2 days), September (3 days) and October (2 days). In total, we recorded 
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data from 17 tests of bottom-set gillnets, 2 tests of Newfoundland cod pots and 1046 

minutes of active hand-lining. 

As tests considered for data collection and sample sized varied to one criterion to another, 

the specific methodology for each is described in Chapter 3. However, cod measurements 

(fork length) were performed in inches from a tape measure and weight with a 10kg spring 

balance. We converted kilogram results in pound. We indeed chose to keep pounds and 

inches as most of fishermen still use imperial units instead of the metric system. 

 

Figure 10: Map of the two study areas for data collection on commercial fishing boats off 

eastern Newfoundland (Canada). The red rectangles indicate gear tests areas. 

2.3.2. Fishermen Survey 

Fifteen structured interviews with fishermen were conducted to reinforce the economic and 

social criteria assessment. All fishermen interviewed used the three fishing gears 

considered in this study at least once and were on the vessels on which data were collected 

(n=9) plus fishermen from the fishing communities of Fogo Island, Newfoundland (n=6). 

The average age of fishermen was 61 years (Max: 82; Min: 35) for a mean fishing 

experience of 37 years (Max: 50; Min: 11). Use of the data and anonymity of the results 

policy was stated and orally agreed with each interviewed prior every session.  
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The evaluation form (Appendix 2) was furnished for each interview and served as basis to 

identify fishermen’s perceptions on bottom-set gillnets, Newfoundland cod pots and hand-

lines. Inspired by Fuller et al. (2008) methodology for their “Survey Ranking of Fishing 

gears Impacts”, fishermen were asked to evaluate the three gears on a Low to High 5-point 

scale (Figure 11) regarding 8 issues: Physical strain and fatigue of use, Safety, Vessel and 

tool requirements, Weather dependency, Ease of use, Need for maintenance, Need for crew 

members and Quality of catch. The purpose was to observe how these three gears were 

ranked in comparison to each other.  

 

Figure 11: Example of the grading system used to measure fishermen’s perceptions on a 

list of fishing issues. 

The “point scales” were numerically converted (from 1-Low to 5-High) to ease data 

treatment and visualization of the results (e.g. calculation of the mean – Appendix 3). 

However, no inferential statistical analysis was conducted, as this survey goal is only to 

visually identify fishermen perceptions and patterns. We believe that converting these 

results in order to conduct a strict numerical analysis may extrapolate and bias the nature 

of these data. Furthermore, these results were used complementary with other data (except 

for Ease of use and Crew requirement criteria – which have shown rather clear patterns on 

their own). Their main interest was therefore to reinforce or to question tendencies. 

2.4. Statistical Analysis  

Owing to the nature of the data, which often included many 0 counts, non-parametric 

Welch’s t-tests were used to assess differences in criteria: Population Influence, 

Undersized Catch, Catch Efficiency and Size and Weight Selectivity. Alpha level of P<0.05 

was used to infer differences between fishing gears types.  

Furthermore, Coefficient of Variation (
𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛

𝑀𝑒𝑎𝑛
× 100) was used to compare gear 

performances for criteria Population Influence and Flexibility and Reliability.
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3. Sustainability Criteria Methodology 

The methodologies used to assess each Sustainability Index Criterion are presented in this 

Chapter. 

3.1. Ecological Criteria Methodology 

3.1.1. Collateral Impacts Criteria 

Habitat Impact 

Fishing gears contact the seafloor and associated structure-forming species (Fuller et al. 

2008). The consequences of these interactions are highly variable and difficult to assess 

because they are gear- and habitat-specific. The type of sediment, for instance, determines 

the penetration of the gear and its footprint on benthic habitat (Grieve et al. 2014). Fishing 

devices could alter seabed structures that are used as refuge, nursery area or even living 

support for several epifaunal taxa (e.g. echinoderms, sponges, etc.; DFO 2010; Grieve et 

al. 2014). Fishing gears can also directly affect benthic animals and plants, such as corals, 

seagrasses (DFO 2010).  

The specific impacts of these gears on the seafloor are difficult to determine due to the lack 

of scientific studies (Fuller et al. 2008), yet it is possible to estimate how gillnets, cod pots 

and hand-lines influence habitat.  

Our analysis focused on each fishing gear’s potential interaction with habitat through 

literature review. We also used the bycatch species and objects (e.g. rock) hauled during 

our fishing trips as additional indicators of habitat impact. 

Ghost Fishing  

Fishing gears are often lost in the marine environment, including breakage during hauling, 

storm losses and even voluntary dumping (Garcia et al. 2003). Lost “derelict” fishing gears 

only “ghost-fishes” if it continues to capture animals when all control of the device has 
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been lost by fishermen (Breen, 1989). Little is known about the scale of the ghost fishing 

impacts as loss rate and consequences on the marine ecosystem are widely gear-specific 

and habitat-specific (NOAA 1, 2015). Several studies indicate that the effects can be non-

negligible (Garcia et al. 2003), and even with low loss rates, ghost fishing is a serious issue 

considering the large number of gears deployed each year. The United Nations 

Environment Programme (UNEP) and the Food and Agricultural Organization of the 

United Nations (FAO) estimated that around 640,000 tonnes of fishing gear is lost in the 

oceans each year.    

Ghost fishing indiscriminately affects a wide diversity of species like marine mammals, 

seabirds and shellfish (Alverson 1994) and may include commercial or endangered species. 

Hence, the ghost fishing potential of gears have to be considered in building a sustainable 

fishery. Besides the ecological interest of reducing ghost nets, the economic impact of 

ghost fishing is not benign. Beyond the immediate loss of money that has been invested in 

the gear, Gilardi and Renzullo (2013) estimated that over a decade a single net lost could 

kill the equivalent of $20,000 (USD) of Dungeness crab in US waters. 

In this subsection we reviewed the literature on the potential ghost fishing impact that 

bottom-set gillnets, cod pots and hand-lines can have. Emphasis is on ghost fishing effects, 

with gear durability and loss rate estimation serving as aggravating factors. 

Bycatch 

Bycatch is a major problem in the marine environment and is a key challenge for fishery 

managers worldwide. The FAO (1999) estimated that around one quarter of the total world 

catch of fish is discarded and that about 17% of catch in the U.S. commercial fisheries is 

bycatch (NOAA, 2005). In a context of overexploitation of many fish stocks around the 

world; bycatch reduction is a sustainability priority (Cook et al., 2002).     

In this sub-section bycatch refers exclusively to the non-targeted species caught 

incidentally by the fishing gears; while bycatch of individuals from the targeted species are 

treated in the Undersized subsection.  

Data were collected during the 7 days of fishing and involved 17 tests of bottom-set 

gillnets, two tests of Newfoundland cod pots and 1046 minutes of active hand-lining. We 

also used data from 14 Newfoundland cod pot tests collected on Fogo Islands from 
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Meintzer et al. (2016). Rather than focusing on the number of bycaught individuals that 

could be irrelevant owing to the different numbers of tests among gears, or simply too 

uncertain due to the nature of certain species (e.g. smashed jellyfish caught on gillnets), we 

focused instead on species diversity. Further, to complement these data we conducted a 

literature review on bycatch from bottom-set gillnets, hand-lines and cod pots in 

Newfoundland waters and Northwest Atlantic area. This analysis of the potential bycatch 

impacts also consider the International Union for Conservation of Nature (IUCN Red list) 

status of species caught as a compounding factor in the assessment.  

3.1.2. Catch Controls Criteria 

Undersized Catch  

Atlantic cod that are below the legal minimum body length for landing fall in the bycatch 

category, but we decided to treat undersized fishes separately. Catching undersized fishes 

can influence pre-recruit mortality of the targeted species (Alverson et al. 1994), which 

could reduce both abundance and incomes. Furthermore, these two aspects of bycatch are 

not necessarily related and can be considered separately.  

The legal minimum body length for landed cod is 18 inch (~45 cm) (DFO 2, 2016; pers. 

discussion with fishermen). Each fish below this limit is released and accounted as 

undersized individuals. To obtain the percentage of undersized Atlantic cod caught by the 

three gears, we used fishing tests that caught at least 10 fish during our field work: bottom-

set gillnets (n=9), hand-lines (n=6) and Newfoundland cod pot (n=2). We also incorporated 

6 Newfoundland cod pot tests from Meintzer et al. (2016). 

Post-Release Mortality  

A significant proportion of fish harvested by commercial fisheries are released due to 

harvest restrictions, e.g. limits of number and size of individuals that can be legally caught 

(Neilson et al. 2012). As indicated, undersized Atlantic cod have to be released (DFO 2, 

2016) and the catch of undersized-fish by the different gears may range from none to 

significant levels (see Undersized criteria). 

Though the mortality of discarded fish could have serious impacts on both the ecosystem 

and economic activity of fishermen, the survivorship of released individuals is widely 
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unknown (Neilson et al. 2012). Quantifying the survival of released fishes is particularly 

difficult and is a major challenge for fisheries management (Neilson et al. 2012). This 

mortality rate is influenced by many factors such as various environmental conditions 

(including depth, temperature), species biological characteristics and technical factors that 

include gear type and fishing practices (Davis, 2002). It is also extremely difficult to assess 

the fate of the released fish that have been in contact with fishing gears, because the effects 

can be simple behavioral changes to immediate or delayed mortality (Neilson et al. 2012).  

For this criterion, post-release survivorship refers to the extent and how cod are physically 

and immediately impacted by each gear. Through literature review, we noted the physical 

impacts fishes can have when in contact with gillnets, cod pots and hand- lines. Onboard 

observations of Atlantic cod caught with these gears were also recorded during our field 

research. Visible body marks have been recorded as indicator influencing post release 

mortality.  

Population Influence  

Fisheries usually target larger individuals to obtain best market value. This targeting can 

affect their abundance and result demographic changes in populations (Garcia et al. 2012). 

Considering the fecundity of large Atlantic cod (eggs production generally increases with 

body mass; COSEWIC 2010), even relatively moderate fishing activity can influence 

population dynamics by reducing the proportion of large individuals (Garcia et al. 2012). A 

larger, older population of fish has a better reproductive rate than a smaller and younger 

one, which indicates that past and current management strategies that favored the catch of 

large fish may not be sustainable in the long term both for fishermen and the fish stock 

(Venturelli et al. 2009).  

Several studies indicate that selective fishing, notably capturing individuals in size 

proportions that differ from their ecosystem occurrence, can induce earlier maturation and 

smaller body size in a population (Garcia et al. 2012). The size-selectivity of the fishing 

gears used in the pre-moratorium northern cod fishery has notably been identified as a 

potential cause for the reduction of growth rate and weight-at-age of subsequent 

generations (Krohn and Kerr, 1997). Continuing to reduce proportion of large fish could 

force cod fishermen to shift their pressure onto smaller and smaller fish, eventually 
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resulting in population composition demise to the minimal allowable catch size (Cook et 

al. 2002). 

How the size-catches are maintained and spread through the Atlantic cod population and 

the catch of large individuals are set can be used in order to determine if a fishing gear is 

sustainable or not (Krohn and Kerr 1997; Garcia et al. 2012). We therefore based our 

criterion assessment on these two criteria. 

To do this we collected data on the sizes (fork length) of samples of Atlantic cod caught 

with bottom-set gillnets, hand- lines and Newfoundland cod pots. These data only include 

individuals above the legal minimum body length (undersized fish being directly released 

by fishermen) and have been collected during 7 fishing trips. In total we measured 392 

individuals from hand-lines, 108 from bottom-set gillnet and 25 from Newfoundland cod 

pots. We also used a sample of 97 individuals caught by Newfoundland cod pots furnished 

from Meintzer et al. (2016).  

3.2. Economic Criteria Methodology 

3.2.1. Catch Criteria 

Catch Efficiency 

The quantity of targeted individuals a fishing gear can catch per unit of effort is the most 

important criteria from a fisherman’s point of view. However, as fishing methods may be 

either active or passive, defining a common unit of effort can be challenging. For example, 

the use of soaking time as catch rate unit of effort would certainly favor active fishing 

gears (relative short soak times) over passive gears (relative long soak times); and 

therefore could bias analysis. Rather we chose hand-ling time as the common unit of effort; 

which refers to the sum of physical hand-ling time fishermen spent setting, pulling and 

removing fish from the device, plus time spent with fish on deck. We consider that 

handling time embodies the most robust implications for the fishing crew on the harvesting 

operations and that better indicates gear efficiency from a fishermen’s interest.   

Besides the particular case of hand-lining which is a continuous active method that equals 

soak time, the time spent setting and pulling bottom-set gillnets and Newfoundland cod 
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pots were measured during some fishing trips. We then calculated the mean handling 

duration for these two gears, based on a two-fishermen handling unit of effort, as at least 

two people are necessary to manipulate bottom-set gillnets and Newfoundland cod pots. 

Therefore, catches from hand-line were recorded from two lines, while Newfoundland cod 

pot or bottom-set gillnet catch came from only a single device in order to compare similar 

effort between gears. 

Cod catch by gear were expressed as number of individual fishes, and results were based 

on data from 17 bottom-set gillnet tests, 7 hand-lining tests (1 hr 42 min mean session 

duration; range = 47min - 2h16min) and 2 Newfoundland cod pot tests. We also 

incorporated catch data from 12 Newfoundland cod pots tested in 2015 from Meintzer et 

al. (2016). Catch efficiency of the three devices was calculated by dividing the number of 

fish catch per unit of effort (CPU; hand-ling time).  

Flexibility and Reliability  

The fishing gears in the inshore cod fishery of eastern Newfoundland are restricted to fixed 

gears (DFO, 2016). The gears can be categorized either as passive or active, greatly 

influencing their catch reliability. For this criterion we assessed the flexibility in the use of 

each gear, i.e., their capacity for adaptation in presence or absence of target fish.   

The location where fishing gear is deployed depends on a fisherman’s experience and 

ability to interpret electronical fishing devices. However even the most experienced 

fisherman is basically gambling each time he sets gear (Langan-Fox & Cooper 2011), 

making production per fishing trips highly variable. Therefore, the catching method 

offering the best flexibility and least variability in catches is a critical asset for fishermen. 

Catch rates were expressed as function of catch per soak time, i.e.  does more soak time 

yield higher catches. 

Size and Weight Selectivity 

The weight of fish caught by a gear is of major importance for fishermen as their direct 

incomes come from selling their catches by weight. The profitability of their activity is 

therefore largely dependent on the “big” individuals that allow them to fill their quotas 

most rapidly, thus reducing external and cumulative costs induced by a longer fishing 

period (e.g. less fuel consumption, physical strain, etc.).  
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Catch selectivity of fishing gears may also be based on size as well as weight, owing to the 

robust correlation between size and weight. To assess this concordance we calculated a 

Length-Weight ratio of Atlantic cod caught during our field trials (n = of 474). Then catch-

at-size composition was calculated and compared for each gear, using the same data that 

were used for the Population Influence analysis.  

Catch Quality 

The effect of the fishing gear on catch is the first and probably the most important element 

that affects catch quality. As the fish comes into physical contact with the device, this 

determines the maximum quality attainable for the remainder of the processing stages. 

Optimal fishing gear should reduce injury, stress and exhaustion of captured fish as much 

as possible. Exhaustion and stress lead to lower pH levels in the fish muscles accelerating 

rigor mortis and reducing time allowed for processing (Joensen et al. 2016). Injuries (even 

those not visible) can also lead to discarding (Svorken 2015). It is of immediate economic 

interest to ensure the maximum quality of catch.  

In the Newfoundland Atlantic cod fishery an agreement between the Fish, Food & Allied 

Workers union (FFAW), the processing sector and DFO, on the respect of harvesting and 

processing procedures is designed to ensure the best quality products (Newfoundland and 

Labrador 2016). Since 2014, a Quality Grading Program regulates the prices paid for cod. 

Caught fish are graded 1 of 4 levels of quality (A, B, C or rejection) using 9 criteria, such 

as the colour, texture or temperature (Appendix 1). The grade attached to the catch 

determines the price the fish harvester receives from the buyer (Table 4). Therefore, 

grading provides an important incentive for fishermen to produce the highest quality cod.  

Table 4: Price of cod pound following the Quality Grading Program occurring in the 

Inshore cod fishery of eastern Newfoundland. – Source: Government of Newfoundland and 

Labrador – Pricing decision for the cod fishery 2016 

GRADE 2016 Season price of cod-pound 

A $0.78 

B $0.40 

C $0.20 

For this criterion a literature review was conducted on these fishing gears’ quality of 

harvest. We intentionally chose to keep information from studies where bottom-set 
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gillnets, hand-lines and Newfoundland cod pots (or similar devices) were tested 

simultaneously. In addition, results from our social survey were used as one of the 

questions concerned perceptions on “Quality of Catch” (Appendix 2). 

3.2.2. Cost Criteria 

Initial Cost 

Fishing devices are usually expensive and represent an important investment for fishermen. 

Gear needs to be cost-effective to ensure profitability. Investing in a particular fishing 

method is motivated by criteria such as the catch selectivity and efficiency. But the initial 

cost of buying new gears is a major criterion for fishing method choice. High costs can be 

a real impediment as not all fishermen are able to make or want to risk such investment; 

especially in fisheries where small vessels predominate the financial capital of fishermen is 

relatively low and where the fish stock exploited remains low. 

To assess this criterion, we estimated the costs for a new bottom-set gillnet, hand-lines or 

Newfoundland cod pot. Note this criterion do not include maintenance. As Newfoundland 

cod pots are relatively handcraft-produced and thus not sold by most marine equipment 

merchants, final costs may vary significantly among providers. Comparing cost estimations 

from different sources therefore provide more consistency in our results. 

Our estimations came from three sources: 1) informal discussions with the captain of the 

Lady Easton 45’ longliner from Musgrave Harbour who owns the three gears; 2) a marine 

equipment dealer from Newfoundland (Mercer’s Marine Equipment 

(www.mercersmarine.com), 2016) and 3) from literature review.  

Durability  

Durability and costs related to fishing gear maintenance can represent a significant 

proportion of the total costs fishermen face each year. Indeed, a survey conducted in the 

US (NOAA, 2011) indicated that on average, ~10% of the total annual cost of fishermen 

was devoted to repair and maintenance. These costs can be highly variable depending on 

vessel size and gears used, but it gives a good indication of how this issue could impact the 

profitability of fishing activity. 
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In this assessment we focused on the durability of fishing gear and overall costs of 

maintenance. Our objective is to give a rough comparison between gears instead of an 

exact calculation of maintenance costs which would require several data sources (e.g. 

economic survey) to calculate material and labour costs and would therefore be difficult to 

realize in the framework of this study. Rather we based our comparison on our social 

survey (Need of maintenance perception - Appendix 2) and literature review. 

Tool Requirements 

Different fishing gears involve different vessel and equipment requirements. Some gears 

are too heavy to be handled and pulled directly by fishermen and require mechanical 

assistance. Others need a large and flat deck to be manipulated and stored. Vessel designs 

and tool requirements are important elements to take into account in assessing the use or a 

shift in fishing methods. Important investment costs can be involved. 

To assess this criterion we based our analysis on three sources: 1) personal observation 

regarding the elements required to handle each gear used by fishermen during our fishing 

trips; 2) a cost estimation of tools from Mercer’s Marine Equipment 

(www.mercersmarine.com/departments/commercial-fishing-gear-5.html, 2016).  Boat type 

prices are excluded because these vessels are usually multitasking and used to target other 

species besides cod; which could bias vessel requirement cost estimation. 3) Fishermen 

were asked to rank the gears on a low to high scale regarding need of specific equipment. 

Bait 

Fishing baits used to attract fish inside a trap, at the end of a hook or toward a net can be 

natural or artificial. They are inseparable for some fishing methods and are used in many 

fisheries around the globe. Most of the baits used today in commercial fisheries are from 

fish and other “raw materials” (Suuronen, 2012), which force fishermen to buy or catch 

directly the species used as baits prior to their main fishing activity. Besides the use of fish 

that could be consumed by humans, the use of baits leads inevitably to additional costs to 

buy or to make dedicated fishing trips to obtain bait (fuel, labor and crew related costs). 

Further, these baits are often discarded after use because the release rate of odor of natural 

baits decreases rapidly over time (DFO 2010; Suuronen 2012). 
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Baits are an extra additional expense for fishermen though some fishing methods are more 

dependent on bait than others. To determine the need of baits for the different fishing 

methods we simply based our analysis on field observations of fishing practices and on 

informal discussions with fishermen. 

Energy Cost 

Commercial fisheries depend highly on the use of external energy, especially fossil fuels. 

Most of the harvesting methods in use were developed when fisheries resources were more 

abundant and energy prices were much lower. In 2001, the cost related to fuel use in 

fisheries represented around 21% of the total landed catch in the world, while in 2008 it 

represented around 50% (Muir, 2015). This extreme volatility in global market prices and 

the significant fraction of total costs due to energy consumption can threaten the long term 

confidence fishermen have on the economic sustainability of their professional activity. In 

such context the fishing practices involving low fuel consumption have clear economic 

advantage that will be even more crucial in the next decades, as fossil fuels are depleted 

leading to further increases in energy prices.  

Only direct fuel energy inputs were considered in this assessment; while direct and indirect 

inputs to build, maintain fishing vessels or to sustain the fishing labour inputs were not 

included. As energy costs can vary significantly with method of calculation, we decided as 

far as possible to restrict our literature review on studies comparing the three types of gears 

being evaluated.  

3.3. Social Criteria Methodology 

3.3.1. Work Conditions  

Safety  

According to FAO, fishing is one of the most dangerous occupations in developed 

countries regarding fatality and injuries. An Icelandic study found that 80% of fishermen 

have either suffered an injury or witnessed someone else being injured (Petursdottir et al. 

2001). Fishing for a living often means working in difficult conditions, i.e. unstable 

constantly moving environment, exposure to weather, slippery working areas, etc. These 
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difficult conditions provoke high levels of fatigue and physical strain which in turn 

increase risk of accidents, especially during fishing operations. Some methods are 

intrinsically more dangerous than others, especially in certain weather conditions 

(Petursdottir et al. 2001).   

To assess safety associated with bottom-set gillnets, hand-lines and Newfoundland cod 

pots, we based our analysis on two primary sources: 1) information from the fishermen 

themselves, interviews through our work conditions survey, informal discussions and 

observations of fishing practices; 2) a literature review of the accidents associated with 

these gears. We particularly used data from the Transportation Safety Board of Canada 

(2012), the UK Maritime and Coastguard Agency (2014) and UK Health and Security 

Authority (2014). We only considered accidents related to fishing gear and other sources of 

accidents related to vessel stability or engine issues were not included.   

Physical Strain and Fatigue 

Fishing at a commercial level is a most strenuous activity (Langan-Fo & Cooper 2011), 

especially in developed countries. Fishermen have to cope with long repetitive straining 

working hours, sometimes during several days or weeks at sea. As well, working in a 

marine environment can be particularly difficult as soon as weather and sea conditions turn 

bad, especially in cold and humid areas such as Newfoundland. Even if periods at sea are 

comparatively shorter for inshore fishermen than offshore fishers, the physical 

involvement needed to participate in fishing activities remains particularly high compared 

to many other activities (Petursdottir et al. 2011). With such intense working conditions, 

the fishing method offering less physical strain could provide an advantage to improve 

labour conditions.     

Physical strain and fatigue regarding the use of fishing gears can be divided into two 

elements: the immediate physical involvement and the temporal involvement. To assess 

immediate physical involvement we used results from our social survey as we asked 

fishers perception in terms of “Physical Strain and Fatigue” for a similar time handling. 

For the temporal involvement, we rather based our analysis on the catch efficiency data of 

the three fishing gears, calculated previously. The handling time needed to catch the same 

amount of fish reflects rather accurately the temporal involvement of fishermen per fishing 

method. 
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Weather Dependency 

Fishing is one of the professional activities the most dependent on weather, because it 

implies working in difficult and stressful conditions mostly determined by the wind, swell 

and/or temperature. Bad conditions that prevent fishermen from working safely and to 

ensure the recovery of their gear are common for small fishing boats operating on waters in 

the North Atlantic (informal discussions with fishermen and pers. observation, 2016). 

Therefore, fishing methods that are usable in most of environmental conditions would have 

an advantage for fishermen activity.  

Fishing gear “weather dependency" can be viewed in two ways:  when 1) the device is 

handled and 2) when it is fishing. Handling is very dependent on weather as fishermen are 

directly exposed to the marine environment during the process. However, when handling 

and fishing times are separated, as in the case of passive fishing gears for example, the 

catching process is independent from human interaction and therefore less dependent on 

weather conditions.  

To assess the first elements fishermen’s responses from our social survey were used 

regarding hand-lining “weather dependency”. The second was assessed through 

observation of fishing operations and informal discussions with fishermen.  

3.3.2. Accessibility 

Ease of Use 

We assessed the inherent “ease of use” of each fishing gear, i.e. the experience a user 

would need to understand and to manipulate the device in a safe and efficient environment. 

This issue is important to allow shift in gears as fishery management might require (Polet 

& Depestele, 2010) and for newcomers in the fishery. A fishing method that would need 

significant experience before attaining profitability could be an additional constraint for 

new fishermen being hesitant to engage in this fishery.  

We based our assessment on the interviews conducted with fishermen. The questions 

within these interviews concerned their perception of “Ease of use” regarding bottom-set 

gillnets, hand-lines and Newfoundland cod pots (Appendix 2). We also complemented 

these data with literature review. 
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Crew requirements 

Fishing is a labour intensive activity widely dependent on gear type that can be of different 

design and size. Some gears, usually the largest, need a large crew to be functional; both in 

order to handle and/or to process the fish caught. Smaller devices are usually less labour 

dependent.  

Besides the direct investment of buying fishing gear, the cost related to additional crew 

members is a serious disincentive for modest fishermen. Therefore, the fishing methods 

depending on fewer people could have a direct advantage. 

To assess this criterion we asked fishermen interviewed during the social survey to rank 

from low to high the need of crew members to use bottom-set gillnets, hand-lines and 

Newfoundland cod pots in a fully operational way.  
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4. Criteria Assessment 

4.1. Ecological Assessment 

4.1.1. Collateral Impacts 

Habitat Impact 

Bottom-set Gillnet 

Bottom-set gillnets consist of three main components that interact directly with the seabed 

(Table 5). The anchors/weights that are fixed at both ends of the nets usually dig into the 

sediment and can be dragged through it when the gear is hauled. The surface affected 

however is considered to be small (Grieve et al. 2014). The net in itself can become 

entangled on seafloor structures and be forced into the seafloor in strong current areas. 

Physical damage as well as superficial sediment disturbance can occur (Grieve et al. 2014). 

The ground line fixed along the lower part of the net can cause sediment disturbance when 

dragged over the substrate during hauling, though the surface that could be affected is 

considered to be small (Grieve et al. 2014).  

Table 5: Gear component effects on sediments and seafloor structures; based on Grieve et 

al. (2014) and Fuller et al. (2008). 

Component that 
contact habitat 

Sediments Effects  
Potential effects on seafloor 

structures (*hauled) 
Surface 
affected 

Bottom-set Gillnet    

Anchor/weight Disturbance *Dragging Small 

Net Disturbance Entanglement, *Dragging Moderate 

Ground-line Disturbance *Dragging Small 

NL cod pot    

Metallic frame Digging, Disturbance *Dragging Small 

Hand-line    

Hook and line - Snagged Negligible 

 

Newfoundland Cod Pot 
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Newfoundland cod pots consist of two main components: a metal frame covered by net 

meshes and a rope attached to a buoy. Like gillnets, they are weighted or heavy enough to 

remain on the seafloor with similar effects on the substrate. When hauled they can be 

dragged and damage benthic structures (Grieve et al. 2014).  

Hand-line 

Hand-line is extremely simple gears consisting of a line with one to three hooks. Even 

though this gear is suspended in the water column, the hook or line can contact, be 

entangled or even snagged with habitat structures though damages are considered 

negligible (Table 5).  

Discussion 

Bottom-set gillnets can cause significant benthic impacts, especially when the gear is 

hauled increasing the risk of the lines, panel and weights snagging benthic structures 

disturbing sediments. One direct proof of such disturbance is the nature of the bycatch 

species (See Bycatch criterion assessment). During our experiments we observed an 

overwhelming majority of bycatch species belonging to the benthic ecosystem and even 

rocks, indicating the dragging effects that such gear can have when hauled (e.g. sculpins, 

sea urchins, soft coral, brittle star, scallop, crab). In the Greenland halibut fishery, it has 

been observed that 27% of the bottom gillnets snared cold-water corals when targeting 

groundfish (Fuller et al. 2008), supporting our observations that bottom-set gillnets can be 

destructive. Hand-lines in contrast, seem rather innocuous for marine habitat. Snagging of 

hooks and entanglements of lines are considered negligible regarding the surface affected. 

No data regarding habitat damages are available for most of the pot and trap fisheries in 

Canada (Fuller et al. 2008). Newfoundland cod pots are, however, relatively large and 

heavy, so their potential habitat disturbance when hauled is probably not negligible. 

However, the cod pot used in our experiment was fished singly (i.e. one buoy and line to 

the trap) and therefore may cause relatively little damage in terms of space (Grieve et al. 

2014).  

In sum, bottom-set gillnets have higher potential habitat impact than the two other gears 

considered here (Chuenpagdee et al. 2003), followed by the cod pots and then hand-lines. 
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Criterion 1: Habitat Impact ranking of the three primary gears used in the Newfoundland 

Inshore Northern Cod fishery.   

 

Ghost Fishing  

Bottom-set gillnets 

Published research indicates that bottom-set gillnets often produce ghost fishing nets 

(Table 6). Tschernij and Larsson (2003) demonstrated that even if the catch efficiency of 

derelict nets decrease rapidly due to physical deterioration, “ghost” gillnets still fish at non-

negligible rates, i.e. ~ 20% of original catch levels after 3 months; 5 to 6 % of original 

catch rates after 27 months. A derelict gillnet also provides a food source for other species, 

especially opportunistic scavengers feeding on the fishes caught on the net; fish which may 

in turn get entangled themselves, perpetuating the cycle (Grieve et al. 2014). Lost nets can 

also serve as a shelter for small benthic species that swim in and around the meshes, 

increasing risks of entanglement for predators such as small finfish (e.g. herring or small 

cod; Tschernij & Larsson, 2003).  

Loss rate in the Canadian Atlantic gillnet fisheries has been estimated at 2% nets lost per 

boat/year and monofilament gillnets, such as those used in the cod fishery, have even been 

recorded ghost fishing after 20 years, (NOAA 1, 2015)  
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Table 6: Informative ghost fishing characteristics and potential impact of bottom-set 

gillnets, Newfoundland cod pots and handlines. 

Gear Ghost fishing effect(s) Durability Estimated Loss Rate 

Bottom-set 

gillnet 

- Continue fishing [1] 

o ~ 20% of original catch levels 

after 3 months 

o 5 to 6 % of original catch levels 

after 27 months 

- Entangled fish act as bait  more 

entanglement [3] 

- Shelter for small benthic species 

entanglement of small finfish [1] 

Recorded ghost 

fishing after 20 

years [2] 

2% nets/ boat/year 

[2] 

NL cod pot 
- Continued fishing 

- Dead trapped individuals act as bait 

Metal king 

crab pots may 

last 10-15 

years [5] 

~10% per season 

(king crab fishery 

Alaska) [6] 

Hand-line 

- Ingestion of lost hooks (internal 

bleeding) 

- Entanglement with line 

- 

16% chance of 

losing a hook each 

day [4] 

[1] Tschernij & Larsson (2003); [2] NOAA 1 (2015); [3] Grieve et al. (2014); [4] Personal 

data; [5] Breen (1989); [6] High & Worlund, (1979) 

Newfoundland cod pot 

No “ghost fishing” data exist for the Newfoundland cod pot. Pots in general can however 

continue to fish almost “normally” after they are lost (Chuenpagdee et al. 2003), and 

animals eventually die in the pot and act as bait for new arrivals, that in turn are entrapped, 

in a similar cycle to that which occurs with lost gillnets (Breen 1989). In fisheries that use 

similarly sized metal framed pots, such as the king crab fishery in Alaska, it has been 

estimated that about 10% of devices are lost each season (High & Worlund, 1979) and that 

each device could last 10 to 15 years (Breen 1989). 

Hand-line 

Hook ingestion can result in mortality due to internal bleeding and line entanglement can 

inflict injuries or lead to starvation (Chuenpagdee et al. 2003; World Animal Protection. 

2014). No data exist on the hook or line loss rate in hand-line fisheries. However, we 

estimated that during our 7 fishing days a hand-lining fisherman had approximate a 16% 

chance of losing a hook each day (3 hooks lost with an average of three lines used 

simultaneously during 7 days of fishing).  
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Discussion 

Lost passive and active fishing gears have different impacts on the marine ecosystem. 

Active gears (e.g. hand-lines, trawls or troll gear) have little or limited influence on an 

individual scale, while passive gears (e.g. bottom-set gillnets, pots and traps, etc.) can 

continue fishing at significant rates for years (Breen 1989).  

The literature indicated current or potentially “low” loss rates of gillnets and 

Newfoundland cod pots. These estimates are probably even lower considering that bottom-

fixed gillnets are less exposed to weather conditions than surface gillnets and that 

conditions in the Newfoundland cod fishery are “milder” than in Alaskan king crab fishery, 

as weather conditions are probably the main reason for gear losses. However, at a fishery 

scale with thousands of active fishermen, devices lost each year could be significant. 

Hand-lines likely have a higher loss rate in comparison, but its effects are considered 

benign when lost (Grieve et al, 2014) regarding the low surface exposure of the gear. 

The impacts of gillnets depend on many factors: vertical profile maintenance, soak time, 

filament tension, local conditions, abundance of marine lifeforms; whereas pots depend on 

fishery and device characteristics, soak time and environmental conditions (Chuenpagdee 

et al. 2003). Loss of both devices can however have severe consequences for the marine 

environment as they can continue almost to fish normally.     

The surface area of a Newfoundland cod pot is smaller than a gillnet and thus may have a 

lower ghost fishing impact. Further, they do not have the same entanglement effect that 

gillnets can have. The risks induced by “ghost” pots can also be reduced by the installation 

of openings that allow animals to escape (Breen 1989) and/or by biodegradable 

components within the net (Grieve et al. 2014), reducing the long term fishing risks of lost 

pots. But even with such precautions, there are still risks. The gears may be biofouled and 

encrusted (by species such as algae and/or barnacles) at levels that negate the effects of 

mitigation components. A study in the northwest US Atlantic indicated that more than half 

the lobster pots equipped with biodegradable escape panels continued to catch lobsters and 

other organisms long after the point animals were theoretically able to escape (Lyons 

2012). 

A lost bottom-set gillnet, due to its large surface, can have many harmful effects on the 

ecosystem and its longevity make it the most harmful gear in this fishery in terms of ghost 
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fishing. They are notably considered the most harmful gear used in US waters (World 

Animal Protection. 2014). 

 

Criterion 2: Ghost Fishing ranking of the three primary gears used in the Newfoundland 

Inshore Northern Cod fishery.   

 

Bycatch 

Bottom-set gillnet 

Observations of cod gillnet retrievals indicated a wide variety of non-target benthic species 

frequently caught (Table 7; Figure 12). No fewer than 12 different bycatch species were 

recorded; none yet assessed by the IUCN. 67% of all tests caught at least one benthic 

species (e.g. sea urchins, starfish, soft coral or sculpins), while 35% caught at least five or 

more non-target individuals, and 22% caught at least one pelagic species (e.g. jellyfish). 

Only 11% of the net hauls had no bycatch. 

 

 

 

 

 



  

49 

Table 7: Bycatch diversity and threat status of species caught around Newfoundland with 

bottom-set gillnets, cod pots and hand-lines. Field data and literature review 

Data Source Bottom-set gillnet NL Cod pot Hand-line 
IUCN red 

List 

Field 

Research  

  

Short-horned sculpin 

(Myoxocephalus scorpius) 
**Short-horned sculpin  Short-horned sculpin  NE 

Toad crab  

(Hyas araneus) 
Toad crab  NE 

Green sea urchin 

(Strongylocentrotus 

droebachiensis) 

**Rock cod  

(Gadus ogac) 
 NE 

Sea scallop  

(Placopectin magellanicus) 
  NE 

Common whelk 

 (Buccinum undatum) 
  NE 

Blue mussel  

(Mytilus edulis) 
  NE 

Basket star (Gorgonocephalus 

eucnemis) 
  NE 

Northern sea star  

(Asterias vulgaris) 
  NE 

Northern red anemone (Urticina 

felina) 
  NE 

Red soft coral  

(Gersemia rubiformis) 
  NE 

Lion's mane jellyfish  

(Cyanea capillata) 
  NE 

Moon jellyfish  

(Aurelia aurita) 
  NE 

Literature  

Harbour porpoise 

 (Phocoena phocoena) 
  LC 

*Minke whale 

 (Balaenoptera acutorostrata) 

*Minke whale 

 
 LC 

*Humpback whale 

 (Megaptera novaeangliae) 

*Humpback whale 

 
 LC 

Harp seal 

 (Pagophilus groenlandicus) 
***Harp seal  LC 

Murres 

 (Uria aalge & U. lomvia) 
  LC 

Atlantic puffin  

(Fratercula arctica) 
  VU 

Great shearwater  

(Puffinus gravis) 
  LC 

Sooty shearwater 

 (Puffinus griseus) 
  NT 

Northern gannet 

 (Morus bassanus) 
  LC 

Double-crested cormorant 

(Phalacrocorax auritus) 
  LC 

Porbeagle shark 

 (Lamna nasus) 
 Porbeagle shark VU 

*Leatherback turtle  

(Dermochelys coriacea) 
*Leatherback turtle   VU 

IUCN Red list: (NE = not evaluated; LC= least concern; NT= near threatened; VU= vulnerable). * Species 

caught on ropes linking fishing devices to the buoys. No specific fishing gear mentioned by source; though 

gillnets and pots include this component and therefore carry potential effects. **Data from Meintzer et al. 

(2016). *** Pers. Discussion with fishermen.  

http://www.iucnredlist.org/details/41671/0
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Figure 12: Example of benthic species caught by bottom-set gillnets during field tests. Top 

left: Gersemia rubiformi; top right: Gorgonocephalus eucnemis; bottom: Placopectin 

magellanicus. [photo: C. Bishop] 

The literature review documented that many marine mammals and seabirds have been 

caught and estimated to have been caught in cod gillnet fisheries around Newfoundland 

(Lawson et al. 2004, Davoren 2007, Benjamins et al. 2008). Entanglement of pinnipeds 

appears also relatively common (DFO 2010) and several cases of leatherback entanglement 

in bottom-set gillnets have been reported in Newfoundland and Labrador waters (DFO 

2010; NOAA 2016; Whale Release and Strandings Group in NL 2016). Cases of Porbeagle 

shark (Lamna nasus) bycaught have also been recorded (Boone 2016). 

At least 12 “large” marine species have or have most probably been caught incidentally in 

Newfoundland cod gillnets. Three of these species are considered Vulnerable by the IUCN, 

one Near Threated and 8 Least Concern.  

Newfoundland Cod Pot 

Our two tests of Newfoundland cod pots resulted in the capture of some toad crab. Data on 

14 Newfoundland cod pots (Meintzer et al. 2016) indicated that toad crab, rock cod and 

short-horned sculpin were also caught. Meintzer et al. (2016) concluded that the number of 

non-target individuals caught ranged from 1 to 11 individuals for each Newfoundland cod 

pot (n= 55; soak time ranging from 4.39 to 119.66 h). All species combined, bycatch of 
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Newfoundland cod pot was around 0.9 individual per set. To date, at least 3 non-target 

species that have been caught in NL cod pots have not been assessed by the IUCN. 

Literature indicated that marine mammals and turtles have been caught on gear ropes on 

Newfoundland waters, and it is likely that pots may create risk for these species. A dead 

Harp seal (Pagophilus groenlandicus) trapped inside a Newfoundland cod pot has also 

been recorded by fishermen (pers. discussion, 2016). 

Hand-line 

Onboard observations indicated very low bycatch rates. During 1046 min of hand-lining 

(mean of 3 lines used simultaneously), only one non-target animal was caught (short-

horned sculpin). This resulted in ~0.003 individuals per min per line. No bycatch data are 

available in the published literature for hand-line fisheries in Atlantic Canada (Fuller et al. 

2008), though this gear is widely considered to have robust species selectivity (Suuronen et 

al. 2012). However, cases of Porbeagle shark bycaught have been recorded (Bird 2016; 

pers. discussion 2016). 

Discussion 

According to the Whale Release and Strandings Group in NL (2016), since 2006 around 20 

cases of whale entrapments have been recorded each year; mostly Humpback (Megaptera 

novaeangliae) and Minke whales (Balaenoptera acutorostrata). These species have been 

essentially caught on gear ropes, potentially those of bottom-set gillnets and Newfoundland 

cod pots. Although several cases of Porbeagle shark bycaught have been recorded both in 

bottom-set gillnets (Boone 2016) and hand-lines (Bird 2016), only gillnets appear to create 

a fatal interaction.  

Besides the large charismatic species mentioned above, much less was known in 

Newfoundland cod fishery about bycatch of other species that are more chronically caught. 

The diversity of bycatch species in gillnets is rather high and chronic, with a predominance 

of benthic species probably dragged during retrieval and with occasional catch of larger 

and sometimes threatened organisms (e.g. Lewison et al. 2004). Hand-lines induce very 

low rates of bycatch and have relatively precise selectivity, thus considered relatively 

harmless. Newfoundland cod pots exhibit frequent low level bycatch of a limited diversity 

of non-target species (rock cod, toad crab). Bycatch in pot fisheries depends widely on the 

http://www.iucnredlist.org/details/41671/0
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targeted species and on the size and design of the device (Fuller at al. 2008), yet pots are 

comparatively selective (Suuronen et al. 2012).       

The benthic species caught during our experiments have not been assessed by the IUCN 

red list criteria. The impact these gears impose on benthic species and communities 

(especially bottom-set gillnets) could therefore be higher than expected. 

 

Criterion 3: Bycatch ranking of the three primary gears used in the Newfoundland Inshore 

Northern Cod fishery.   

 

4.1.2. Catch Controls 

Undersized Catch 

Welch’s t-tests indicated statistical differences in the percentage of undersized fish caught 

between hand-lines and bottom-set gillnets (t = -5.42, df = 6.40, p = 0.001) and between 

bottom-set gillnet and Newfoundland cod pot (t = -4.33, df = 7.64, p = 0.003). Hand-lines 

caught 19.8% undersized individuals in mean (Range = 8.7 - 32.9 %) and bottom-set 

gillnets 0.6% in mean (Range = 0 - 5.7 %; Figure 13). The percentage of undersized did 

not differ between hand-lines and Newfoundland cod pots (t = 1.31, df = 12.33, p = 0.21).  

NL cod pot caught 13.8% undersized (Range = 0 - 27.7 %). 
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Figure 13: Percentage of undersized Atlantic cod caught with bottom-set gillnets, hand-

lines and Newfoundland cod pots. 

 

Discussion 

Our results indicated that bottom-set gillnets are by far the least risk gear for catching 

undersized cod. This result is not surprizing as gillnet gears are usually highly size 

selective (He 2006). In contrast, undersized individuals represent a significant and chronic 

issue for cod pots and hand-lines. Newfoundland cod pots caught slightly but not 

statistically significantly fewer undersized fishes than hand-lines. 

 

Criterion 4: Undersized Catch ranking of the three primary gears used in the 

Newfoundland Inshore Northern Cod fishery.   
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Post-Release Mortality 

Bottom-set gillnet 

Benoît et al. (2010) found that only ~30% of cod caught by gillnets were in excellent 

quality, and about the same proportion was considered to be of poor to moribund vitality. 

Furthermore, we noticed during our data collection that Atlantic cod caught with bottom-

set gillnets almost all appeared moribund or already dead (pers. observation). Some had 

cuts on the skin and marks of compression were clearly visible on many fishes retrieved 

with gillnets (Figure 14). 

 

Figure 14: Marks of compression on the skin of cods caught with gillnets [Photo: Y. 

Rouxel]. 

Newfoundland cod pot 

Benoît et al. (2010) did not include pots in their assessment. However, the fish caught and 

released by this gear during our field work were all alive and appeared in excellent 

condition. No visible wounds were recorded during examination of individuals (n=25). 

Hand-line 

According to Benoît et al. (2010), the condition of Atlantic cod released following their 

capture was best with the hand-line fishery, followed by the longline, gillnet and mobile 

gear fisheries. Around 100% of cod caught by hand-lines were considered to be in 

excellent vitality. Bartholomew et al. (2005) showed that post-hooking mortality is similar 

for fresh water salmonids and marine species, with a mean of 18% post-release mortality, 

ranging from 0 to 95 %. Mortality estimates were highly variable by gear and species, with 

occasional rates exceeding 30% for several species (Maurice et al. 1994). Hooking location 
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has been pointed by several studies as one of the main mortality factors for released hand-

lined fish (Maurice et al. 1994). 

During our fishing trips, we observed that Atlantic cod caught on a vulnerable or vital body 

part was common (caught on non-maxillary area; n=100). Even if most were hooked in the 

maxillary area (mouth or cheek), 19% of individuals on average were hooked in other body 

parts such as the eyes, gills, caudal peduncle or oesophagus (Table 8). 

Table 8: Hooking location of Atlantic cod caught with hand-lines (n=100). 

Hooking location % 

Mouth 81 

Cheek 1 

Eye 5 

Gill 4 

Oesophagus 7 

Caudal peduncle 2 

Total 100 

 

Discussion 

Gillnets likely produce the highest rates of post-release mortality. Many caught fish are 

already dead when pulled from the gear (Benoît et al. 2010). Indeed, a fish having its head 

entangled in the net becomes more entangled, disabling it to breathe properly and resulting 

in marks and even sometimes cuts to the skin. The constriction of the gills leads to the 

suffocation and death (mortality depending largely on soak time). Consequently, post-

release mortality from gillnets must be relatively high.  

Even if the fish caught with lines show high vitality when released, it doesn’t mean the 

technique is harmless. Vital organs, such as the gills or the oesophagus affected by the 

hook would lead to high mortality. Chinook salmon hooked in the gills and in the 

maxillary area show respectively 49 and 3 % mortality, Atlantic salmon hooked in the eye 

and in the gills show respectively 76 and 12 % mortality, and Brook trout hooked in the 

oesophagus or gills show 61% mortality (Butler and Loeffel, 1972; Warner, 1976; Nuhfer 

and Alexander, 1992). Even if most studies focused on freshwater species and 

recreational/sport fishery, these data still give a good picture of how hooking body location 

is crucial for post-release survivorship. The consequences are probably variable in severity 
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but still indicate that several released fish would probably not survive (e.g. due to 

infections, mobility disability, etc.). Cod pots and traps were not included in Benoît et al.’s 

(2010) study, but the vitality of the fish released by such fishing gear can be considered as 

similar to hand-lined fish; but without visible injuries.  

According to Benoît et al. (2010), three main factors that influence the mortality of 

discarded fishes could be controlled. Reducing deck time would strongly promote post-

release survival. However, for the three fishing methods operating on the stewardship 

inshore cod fishery in 2J3KL, the time that a fish spent on deck after being caught can be 

considered as negligible. In the hand-line fishery undersized cod are immediately released; 

after being pulled from a gillnet fishery, cod are handled as the gear is progressively 

retrieved. It is only with cod pots that the deck time could be significant as the catch has to 

be dumped on deck before sorting. Owing to the relative small size of the pots and to their 

relative low catch/rate, catches are not numerous enough to spend much time on deck 

before being processed (pers. observation and discussions with fishermen). Restricting 

fishing to times of year when environmental characteristics are most favourable (e.g. water 

surface, air temperatures) would be a second potential mitigation option for post-release 

mortality. However, the gears used in this fishery operate at the same period (during cod 

fishing season) and thus with similar environmental influences. Therefore, only the third 

factor which is the interaction device/fish described above remains to mitigate post-release 

mortality in this fishery. Given the results above, the Newfoundland cod pot seems the best 

option. 

 

Criterion 5: Post-Release Mortality ranking of the three primary gears used in the 

Newfoundland Inshore Northern Cod fishery.   
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Population Influence  

Patterns of size at catch differed among the three fishing gears (Figure 15). Newfoundland 

cod pots caught smaller fish (77.8% <28 inches) and no big fish (0% >36 inches). Hand-

lined fish lengths were rather similar with 67.4% <28 inches, but more variable and 

catching few large individuals (4% >36 inches). Bottom-set gillnets in average caught 

larger fishes (37.2% <28 inches) and more large individuals (7.3%>36 inches). Frequency 

of Atlantic cod caught per category of size were compiled for each fishing gear (Figure 15) 

and the coefficient of variation of cod fork length data calculated: 14.15% on 

Newfoundland cod pot, 17.39% on bottom-set gillnets and 20.18% on hand-lines. Gillnets 

caught overall larger individuals (28.8 + 5.0 inches) than hand-lines (25.9 + 5.2 inches; t = 

5.29, df = 178.48, p = 3.629e-07) and Newfoundland pot (24.5 + 3.5 inches; t = 7.49, df = 

189.33, p = 2.629e-12). Hand-lines caught larger fishes than NL pots (t = 3.41, df = 

304.79, p-value = 0.0007). 
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Figure 15: Frequency of size category of cod caught from hand-lines, Newfoundland cod 

pots and bottom-set gillnet (undersized individuals not included). 
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Discussion 

Even though fish size was slightly more dispersed with hand-lines than pots (higher 

coefficient of variation), the fact that hand-lines often remove potential large spawners 

could have a negative effect on the recovering cod population. We conclude therefore that 

Newfoundland cod pots likely have less impact on fish population dynamics. By 

concentrating its catch on larger fish and frequently removing large potential spawners, 

bottom-set gillnets in contrast have the most influence on the cod population composition 

over years and therefore seems the less sustainable gear option.    

 

Criterion 6: Population Influence ranking of the three primary gears used in the 

Newfoundland Inshore Northern Cod fishery. 

4.2. Economic Assessment 

4.2.1. Catch 

Catch Efficiency 

We calculated that two fishermen took a mean of ~15 + 7.1 min to handle a Newfoundland 

cod pot (n=2; Range = 10 - 20 min) compared to ~14 + 3.9 min for a bottom-set gillnet 

(n=12; Range = 9 - 17 min). Handling time for hand-lines was based on active soak time 

(jigging) for each session (n=7); with a mean of 101.6 + 31.7 min per day. Catch per mean 

handling time was calculated as the value for catch efficiency (Figure 16).  
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Catch efficiency differed between hand-lines and gillnets (t = 2.68, df = 16.76, p = 0.016), 

and between gillnets and Newfoundland cod pots (t = 2.70, df = 20.00, p = 0.014). No 

significant differences were however found between hand-lines and Newfoundland cod 

pots (t = 0.42, df = 17.05, p = 0.68).  

Catch efficiency of bottom-set gillnets (n= 17) was on average equal to 1.64 cod/handling 

min (Range = 0 - 6.33); hand-lines (n=7) equal to 0.53 (Range = 0.26 - 0.81) and 

Newfoundland cod pots (n= 14) to 0.46 (Range = 0 - 2.13) (Figure 16).  

 

Figure 16: Catch efficiency of bottom-set gillnets, hand-lines and Newfoundland cod pots. 

Discussion 

Our analysis found that bottom-set gillnets were more catch efficient than hand-lines and 

Newfoundland cod pots; around three times higher when handling time is taken as unit of 

effort. Hand-lines and Newfoundland cod pots, in turn, showed similar Catch efficiency.  

These catch efficiency, especially for the passive fishing gears, can be highly variable, 

depending on several factors such as the amount of fish caught by the device, the 

experience of the fishermen, and/or environmental conditions. In our study, mean hand-

lining time per devices were estimated on the same days and under the same conditions for 

each gear, controlling the influence of these extraneous variables. Given the importance of 
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catch efficiency for fishermen, these estimations call for more research. These results do 

however give an overall indication of gear efficiency.   

 

Criterion 7: Catch efficiency ranking of the three primary gears used in the Newfoundland 

Inshore Northern Cod fishery.   

Flexibility and Reliability 

We calculated rather high coefficient of variation of catch rates for each fishing gear [catch 

of fish/soak time]; each being > 30% (Table 9). Hand-lining coefficient of variation was 

calculated at 32%, Newfoundland cod pot at 108% and bottom-set gillnet at 125%. 

Furthermore, visual analysis of collected data per gear and test suggested strong 

association between catch and soak time for handlines but not for bottom set gillnets or 

Newfoundland cod pots (Figure 17). 

Table 9: Coefficient of variation of catch rates for bottom-set gillnet, hand-line and 

Newfoundland cod pot. 

 Bottom-set gillnet NL cod pot Hand-line 

Mean 0.083 0.013 0.265 

SD 0.104 0.014 0.085 

Coef. Variation (%) 125 108 32 
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Figure 17: Gear catches per test and soak time.              
* 4 NL cod pot tests of soak times to > 4,000 min (with similar results) are not represented to 
enhance visibility. 

Discussion 

Gillnets and pots are strictly passive fishing gears, meaning that fishermen don’t have any 

influence or information concerning catches of the device between setting and hauling. 

This passiveness with “no margin for error” results in daily variation production and 

income for a fishing boat and crew. Contrary-wise, hand-lining, an active harvesting 

method, is capturing a single fish at a time, providing real-time information on catchability 

and fish characteristics.  

Based on an observation period of 824 minutes hand-lining soak time, fishing boats 

changed on average seven times per hour and each hand-lining session spent in one site 

was ~8  minutes (mean 8.39 + 4.09; n= 100). This active “hunting” flexibility is definitely 

an asset for hand-lines, leading to higher and gradual catch per effort (or “reward” - Figure 

17). Hand-lining was about four times more reliable in this regard (Table 9). The 

coefficient of variation was high for each fishing method, this is to be expected considering 

the variability inherent to the fishing activity. Yet our results indicated clearly that gillnets 

and Newfoundland cod pot catches are much more variable than hand-lines (Table 9), and 

not necessarily correlated with soak time (Figure 17). No significant differences however 

appeared between the two passive gears. 
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Criterion 8:  Flexibility-Reliability ranking of the three primary gears used in the 

Newfoundland Inshore Northern Cod fishery 

 

Size and Weight Selectivity 

The length-weight ratio of Atlantic cod caught during our experiments indicated strong 

correlation between size and weight (Figure 18). Yet variation can be significant between 

individuals of same size, e.g. two 32 inch fork length cod weighed 5.9 and 12.3 kg 

respectively). Our results however indicate that larger cod are usually heavier on average. 

Welch’s t-test confirmed statistical differences between all gears tested ([gillnet vs hand-

line; t = 5.29, df = 178.48, p-value = 3.629e-07] [gillnet vs NL pot: t = 7.49, df = 189.33, 

p-value = 2.629e-12] [hand-line vs NL pot: t = 3.41, df = 304.79, p-value = 0.0007]). 

Atlantic cod caught with bottom-set gillnets measured 28.8 + 5.0 inches in mean (n=108), 

25.9 + 5.2 inches with hand-lines (n=392) and 24.5 + 3.5 inches with a Newfoundland cod 

pot (n=122) (Figure 19). Based on our length-weight ratio, we calculated that an average 

cod caught with gillnets would weight around 3 kg, 2.2 kg with hand-line and 1.9 kg with 

Newfoundland cod pots. With an arbitrary threshold of “big cods” fixed at 36 inches (that 

represents around 6% of our total data), bottom-set gillnets caught 7.3% large individuals, 

hand-lines 4% and Newfoundland cod pots 0%. 
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Figure 19: Length distribution of Atlantic cod caught by bottom-set gillnets, hand-lines 

and Newfoundland cod pots. 
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Discussion 

It is indisputable that gillnets caught larger fish overall, on average 3 inches longer than 

hand-lines and more than 4 inches longer than Newfoundland cod pots. Hand-lines cod 

were on average 1.5 inches longer than those from pots. Newfoundland cod pots had a 

second disadvantage of not catching any “big” individuals” that are particularly wanted by 

fishermen, while hand-lines and especially bottom-set gillnets caught significant numbers 

of them. From an economic viewpoint gillnets have a clear advantage.  

 

Criterion 9: Size-Weight Selectivity ranking of the three primary gears used in the Inshore 

Newfoundland Northern Cod fishery.   

 

Catch Quality  

Few data are available regarding quality of catch by different fishing gears in this fishery. 

However, a project conducted around Fogo Island (Newfoundland east-coast) in 2009, 

compared the quality of fish caught with Newfoundland cod pots, hand-lines and bottom-

set gillnets based on a similar soak-times (“Baited cod pot fishery” project summary; 

Fisheries Technology and New Opportunities Program, Government of Newfoundland and 

Labrador, n.d.). Potted and hand-lined fish were all grade A quality, whereas ~50% of 

those caught with gillnets were rated at the lowest grade.  

Our series of interviews also indicated that fishermen consider catch with hand-lines and 

Newfoundland cod pots similarly very high in terms of catch quality. Cod caught with 

gillnets were in comparison considered to be of clearly lower quality (see Appendix 3). 
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Discussion 

Soak time is of crucial importance regarding fish quality, yet this also depends on whether 

the fish is killed or remains alive during the catching process. A dead fish that spends 

conservable time underwater deteriorates rapidly, often rotting and being attacked by 

scavengers. Although gillnets and pots may have similar soak-times, the impact on their 

catch is very different. Gillnets, by eventually killing the entangled fish, can lead to 

relatively long periods during which the fish can deteriorate, especially during poor 

weather conditions when gear cannot be hauled. In contrast, pots let the animals live until 

they are hauled (Safer 2010). Leaving a pot under water for several days would have little 

effect on quality of catch while gillnet captures might not even be saleable for a similar 

soak-time (DFO 2010 & pers. discussions with fishermen, 2016). Quality of cod caught 

with hand-lines is of top quality, as fishes are caught and handled individually by 

fishermen as soon as they are hooked. They are notably considered as the best rank in the 

Norwegian market (Svorken2015).  

In sum, literature and interviews clearly indicated that hand-lines and Newfoundland cod 

pots have a major advantage over bottom-set gillnets in terms of cod quality of catch. 

 

Criterion 10: Catch Quality ranking of the three primary gears used in the Newfoundland 

Inshore Northern Cod fishery.   

 
 
 
 
 



  

67 

4.2.2. Cost 

Initial Cost 

Informal discussions with the captain of our field data collection vessel who owns and uses 

the three gears assessed in this study, gave us his cost estimate for each device. His 

Newfoundland cod pot represented an investment of about $500 (CAD) including its 

attachments (e.g. buoys, ropes). His bottom-set gillnet cost about $150 (CAD) (buoys, lead 

rope, floats, weights, etc. included), while hand-lines (artificially baited hook, mono line, 

jigging reel and sinker) costs only about $50 (CAD) (Table 10). 

The following estimations are based on prices from a retailer based in Newfoundland 

(www.mercersmarine.com/departments/commercial-fishing-gear-5.html, 2016). The 

cumulative cost of the different elements constituting a bottom-set gillnet (monofilament 

panel, buoys, floats, lead rope, weights, etc.) range from $110 to $317 (CAD), while it 

requires between $15-54 (CAD) to fully equip hand-lines (Table 10). These differences in 

cost are explained by the different models and quality of materials available on the marine 

retailer website. Unfortunately no estimation can be made for a Newfoundland cod pot, 

because they are not commercially available. Safer (2010) estimated however that a 

Newfoundland cod pot costs around $700 (CAD) or $300 (CAD) for materials. 

Table 10: Cost estimation to acquire a bottom-set gillnet, hand-line and Newfoundland cod 

pot from different sources 

Source Bottom-set gillnet Hand-line NL cod pot 

Fishing captain $150 $50 $500 

Marine retailer $110 - 340 $15 - 54 - 

Literature - - $300 - 7001 

1 – Safer (2010) 

 

Discussion 

By comparing the sources, we found that the rough estimations made by the local 

fisherman well match prices offered by the Newfoundland marine supplier and by the 

literature. The low cost of a hand-line is a serious advantage favoring this practice, being 

about three times cheaper than a standard cod gillnet and around 10 times cheaper than a 

Newfoundland cod pot. Likely all Newfoundland fishermen own already a hand-line 

(informal discussion with fishermen, 2016); facilitating a potential shift in gears due to 

new fishing management decisions. Gillnets are in wide spread use among cod fishermen 
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in Newfoundland, while Newfoundland cod pot fishermen are relatively few and largely 

concentrated in the Fogo Island area on the northeast Newfoundland coast.  

 

Criterion 11: Initial Cost ranking of the three primary gears used in the Newfoundland 

Inshore Northern Cod fishery.   

 

Durability  

We found very few to no data available regarding gear durability, maintenance 

requirements and costs. However, a survey conducted in the United States (NOAA, 2012) 

gave the annual average repair and maintenance cost for vessels <40 feet (similar to those 

used in the inshore Newfoundland cod fishery). Annual average repair and maintenance 

costs for vessels using gillnets was estimated at $12 136 (USD), $10 823 (USD) for vessels 

using pots/traps and $ 5 959 (USD) for vessels using hand-gear (Murphy et al. 2014).  

Our series of interview indicated that fishermen consider costs associated with the 

maintenance of gillnets rather high and more than that for pots, while hand-lines 

maintenance was considered to be very low (Appendix 3). 

Discussion 

The information from the US survey provides an indication on the overall durability of 

these three types of fishing gear and their needs of maintenance. On average we calculated 

that using gillnets increase maintenance costs by 11% more than pots-traps and 51% more 

than hand-gears (Murphy et al. 2014). Pots-traps maintenance costs in the US survey 

probably concerned shellfish fisheries (e.g. lobsters, crabs, etc.) in which pots are usually 

smaller, lighter and made of less resistant materials than those used for Newfoundland cod 
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pots. Therefore, durability of Newfoundland cod pots is probably higher and related costs 

lower than this estimation. However, hand-gears such as hand-lines appear significantly 

less expensive in terms of maintenance costs. Interviews with fishermen confirmed these 

statements and comparative ranking.  

 

Criterion 12: Durability ranking of the three primary gears used in the Newfoundland 

Inshore Northern Cod fishery.   

 

Tool Requirements 

During our observations of fishing operations we noticed that bottom-set gillnets and 

Newfoundland cod pots needed a considerable open flat deck space in order to be used and 

stored properly (Table 11). This is especially the case for the Newfoundland cod pot which 

needs to be taken onboard (collapsing pot). In contrast, hand-lines can be used in all vessel 

designs. We also observed that fishermen used a head gurdy (hydraulic net-hauling engine) 

for pulling the lines linking buoys to bottom-set gillnets and Newfoundland cod pots 

(Table 11). The cost associated with a head gurdy system ranged $1 500 - $2 000 (CAD) 

and a hydraulic hauler ranged $1 000-$6 000 (CAD; website). In contrast, no tools are 

needed for hand-lines. The fishermen interviewed ranked equally high bottom-set gillnets 

and Newfoundland cod pots in terms of “Need of Specific Equipment” for use (Appendix 

3). Hand-lines in contrast were ranked very low.  
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Table 11: Vessel and tool requirements by fishing gear 

 Bottom-set gillnet Hand-line NL cod pot 

Vessel requirements Open Flat deck Open deck Open Flat deck 

Tool requirements 

(Personal 

observation) 

Head gurdy -  
Head gurdy 

Hauler 

Tool costs 

(from Marine 

retailer) 

$1 500-$2 000 (CAD) -  
$1 500-$2 000 (CAD) 

$1 000-$6 000 (CAD) 

 

Discussion 

The relative high need of external tools and equipment for the use of gillnets and 

Newfoundland cod pots contrast highly with the facility and direct operability of hand-

lines. The cost of these specific equipment is significant and such investment may be a 

serious disincentive for a new entry into the cod fishery. 

 

Criterion 13: Tool Requirements ranking of the three primary gears used in the 

Newfoundland Northern Cod fishery.   

 

Baits 

Newfoundland cod pots used a “bag” filled with ~50 capelin (Mallotus villosus) for each 

set (Figure 20, left). After the device was hauled and emptied, the bait is discarded and 

replaced with fresh bait. Hand-lining used artificial baits (Figure 20, right) and sometimes 

natural baits in addition (e.g. squids). If the natural bait wasn’t swallowed by the fish 

caught or lost in water, it was used multiple times. Bottom-set gillnets didn’t use bait. 
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Figure 20: Bag of bait (capelin; left) used for a Newfoundland cod pot. (Photo: Y. Rouxel). 

Artificial baited hook used in the handline cod fishery (right) (Photo: 

https://www.mercersmarine.com/products/baited-hooks-c-w-swivel--red--7133.html). 

Discussion 

All pot catching methods in Newfoundland are mainly based on an odor plume that attracts 

cod. Therefore natural baits are still of absolute necessity for this fishing method. Hand-

lines also use bait, though mainly artificial and especially for visual attraction. Although 

natural baits are commonly used, most fishermen use red artificially baited hooks (pers. 

observations, discussions, 2016). Gillnets, being a capture method not based on baiting are 

ranked first. 

 

Criterion 14: Bait ranking of the three primary gears used in the Newfoundland Inshore 

Northern Cod fishery.   
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Energy cost 

According to Muir (2015) gillnets and pots belong to the lowest categories of harvesting 

methods regarding fuel consumption, as is the case for all passive gears. Active hand-

lining is considered as well low energy consumer (Suuronen 2012, Muir 2015). Yet 

Tyedmers (2001) compared energy consumed by different North Atlantic fisheries and 

found that the energy intensity for hand-lining and gillnetting in groundfish fisheries was 

respectively 21 and 23 gigajoules (GJ) per tonne of fish landed. Groundfish pot fisheries 

were not included in this study and no data were found elsewhere.  

Discussion 

Gillnets, pots and hand-line fisheries can be considered as minimal fuel users in 

comparison with other fishing methods (Polet & Depestele 2010). Active gears, such as 

trawls, process large volumes of water for a relative long period to capture prey. Towing 

resistance greatly increases fuel consumption by up to 70-80% 

(http://www.seafish.org/industry-support/fishing/fishing-gear/fishing-gear-options, 2016). 

Moreover, the relative small size of vessels operating in the inshore cod fishery of eastern 

Newfoundland is limited to daily trips, making them relatively small fuel consumers. Yet, 

hand-lining seems on average slightly more fuel efficient than gillnetting as indicated by 

Tyedmers (2001). These differences might seem marginal, though note that 1 GJ is 

equivalent to the energy released by 21 litres of gas (Table 12). Therefore, with an average 

2 more GJ used for gillnetting in comparison with hand-lining, it represents an extra cost of 

about 42 litres of gas per ton of fish landed. 

Table 12: Energy conversion table 

1 tonne* = 1000 l oil 

1 tonne = 954.2 l gas 

1 tonne = 45.37 GJ 

954.2 l gas = 45.37 GJ 

21 l gas = 1 GJ 

*tonne: 1 tonne of oil equivalent; GJ: gigajoule (source www.statcan.gc.ca/pub/57-601-
x/2010004/appendix-appendice1-eng.htm) 

 

No data were found for Newfoundland cod pots or comparable devices used in similar 

groundfish fisheries. However, we noticed that Newfoundland cod pots were used in a 

similar way to gillnets considering that pots usually caught fewer fish than gillnets (Catch 
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efficiency criteria), we consider that for every cod landed with Newfoundland cod pots, the 

energy cost is probably higher than with gillnets. 

 

Criterion 15: Energy Cost ranking of the three primary gears used in the Newfoundland 

Inshore Northern Cod fishery.   

4.3. Social Assessment 

4.3.1. Work Conditions 

Safety  

The “Fisherman’s Safety Guide” (2014) recognized the danger of ropes, cables and lines 

during fishing operations. They can induce severe injuries when pulled tight, or even pull 

the fishermen into a winch or into the sea. The “Managing Health and Safety in Fishing” 

(2014) report also identified injuries and fatality-related events with pot and gillnet devices 

due to line entanglements and hauling device interactions. Injuries with hand-line practices 

generally involve accidents with hooks.  

The “Safety Issues Investigation into Fishing Safety in Canada” (2012) calculated 

fishermen fatality rates per fishing methods; expressed as number of fatalities per active 

vessels. Estimated fatality rates per 1000 active vessels were 0.44 for gillnets, 0.35 for 

traps and 0.26 for hook-and-line. This report also found that 75% of gillnet vessel fatalities 

were caused by fishermen falling overboard, while it was at 49% for trap vessels and 0% 

for hook-and-line vessels.  
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Results from our interviews indicated that fishermen considered in general that the use of 

hand-lines was safer than the two other gears (Appendix 3). Newfoundland cod pots were 

ranked in second while bottom-set gillnets were viewed as the least safe fishing gear. 

Discussion 

As shown by the different fishing safety guides, one main cause of severe injuries related 

to fishing gears involves entanglement in ropes and lines. Bottom-set gillnets are the 

riskiest gear, followed by Newfoundland cod pots then hand-lines. Another cause of 

injuries involves hauling devices (“Managing Health and Safety in Fishing”, 2014). 

Fishermen’s hands and fingers are notably at risk when handling gillnets and 

Newfoundland cod pots. Besides, considering the average weight of a 170-pound 

Newfoundland cod pot (Safer, 2010) crushing risks cannot be excluded. Hand-lines are 

relatively safer in injury intensity, although accidents occur (e.g. fisherman foot caught on 

lines which cause a fall). However, the most common risk regarding hand-lining lies in 

accidents involving hooks (“Managing Health and Safety in Fishing”, 2014); painful 

accidents but far less deadly. These results suggest that gillnet use is the overall riskiest 

practice, followed by Newfoundland cod pots and hand-lines, which is in accordance with 

fishermen perceptions (Appendix 3).  

 

Criterion 16: Safety ranking of the three primary gears used in the Newfoundland Inshore 

Northern Cod fishery.   
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Physical Strain and Fatigue 

 Physical involvement: interviews with fishermen ranked gears closely, though 

bottom-set gillnets were ranked as the most physically demanding gear, followed 

by Newfoundland cod pots and hand-lining (Appendix 3). 

 Temporal involvement: Based on the catch efficiency results (see Catch efficiency 

criterion) hand-lines and NL cod pots needed ~3 times more handling time than 

bottom-set gillnets to catch the same amount of cod.  

Discussion 

Immediate physical involvement slightly favored Newfoundland cod pots and hand-lines, 

in comparison to bottom-set gillnets. However, in terms of “temporal involvement” the 

results were clearly reversed. With up to three times more temporal involvement, hand-

lining and Newfoundland cod pots are probably most physically demanding fishing 

methods. For seven fishing trips, fishermen were actively hand-lining for a total of 2 hours 

13 minutes per day on average. Due to the arched back position of fishermen and the 

repetitive arm and hand movements fishermen make when hand-lining, repetitive strain 

injuries such as tendonitis and back pains are common (“Managing Health and Safety in 

Fishing”, 2014; informal discussions with fishermen, 2016). The use of Newfoundland cod 

pots involves mechanical assistance, which may prevents such issue. However, owing to 

the fishermen survey and catch efficiency results, it would be challenging to determine 

which of these two gears is the most physically demanding. The use of gillnets in 

comparison involves shorter-term efforts, and thus can be ranked first. 

 

Criterion 17: Physical Strain & Fatigue ranking of the three primary gears used in the 

Newfoundland Inshore Northern Cod fishery.   
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Weather Dependency 

 Handling weather dependency: Interviews indicated that fishermen considered 

weather dependency similarly for all gears. Hand-lines were ranked slightly lower, 

followed by Newfoundland cod pots and bottom-set gillnets (Appendix 3). 

 Catching weather dependency: Observations of fishing operations and informal 

discussions indicated that the passive fishing gears are less weather dependent 

during the catching process. According to fishermen, bottom-set gillnets and 

Newfoundland cod pots are usually set for many hours up to several days if 

required by the weather. Hand-lines however are active fishing gears and therefore 

the catching process is highly dependent on continuous good weather. 

Discussion 

What we referred to as “handling weather dependency” can be considered similar among  

the gears. However, the “catching process” weather dependency is highly influenced by the 

type of fishing method. Passive fishing gears are in essence less dependent on day-long 

periods of good weather, as fishermen can set their device and eventually come back 

afterward if bad weather conditions prevent hauling. Further, bottom-set gillnets and pots 

are relatively protected from bad weather conditions at the surface. Active fishing gears, 

especially those operated manually, are highly weather dependent as the device is 

constantly handled by fishermen on boats exposed directly to surface weather conditions. 

Passive cod pots have the crucial advantage over gillnets of keeping catches alive, allowing 

the device to stay underwater for days without serious effects on catch quality. 

 

Criterion 18: Weather Dependency ranking of the three primary gears used in the 

Newfoundland Inshore Northern Cod fishery.   
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4.3.2. Accessibility 

Ease of Use 

Gillnets, pots and hand-gears are generally considered as easy to operate fishing methods 

(Polet and Depestele 2010). However, we didn’t find any report or studies that compared 

different gears regarding this issue. Our interviews with fishermen indicated that hand-

lining was the easiest method; ranked by almost every interviewee at the best rank possible 

(Appendix 3). Newfoundland cod pot came in “second”, before bottom-set gillnets. 

Discussion 

Fishermen considered hand-lining as the easiest fishing method to understand and to 

manipulate in a safe and efficient environment. It is indeed one of the oldest and most 

basic forms of fishing (Bjarnason, 1992), independent from direct mechanisation and 

usable by only one person. Many people in food fishery use hand-lines, as well as 

recreational fishermen, by definition not professionals and less experienced individuals. 

Handlining is therefore an interesting option for new and “inexperienced” fishermen that 

could be hesitant to engage in this fishery. Newfoundland cod pot ranked before gillnets 

though both require mechanization for use.  

 

Criterion 19: Ease of Use ranking of the three primary gears used in the Newfoundland 

Inshore Northern Cod fishery.   
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Crew Requirement 

Our interviews indicated that hand-lines ranked much lower than gillnets and cod pots 

regarding crew requirement for efficient use; yet fishermen didn’t indicate significant 

differences between the latter two (Appendix 3).  

Discussion 

Hand-lines held a distinct advantage over other gears as a line is manipulated by only one 

person. Therefore this fishing method is much more advantageous for modest fishermen 

and limited crews. Further research is needed to differentiate gillnets and Newfoundland 

cod pots regarding this issue. 

 

Criterion 20: Crew Requirement ranking of the three primary gears used in the 

Newfoundland Inshore Northern Cod fishery.   
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5. Sustainability Assessment 

5.1. Index Calculation 

In this Chapter, Categories and overall Sustainability modal values were calculated for 

each fishing gear. Gears were then ranked on the basis of these values.  

5.1.1. Ecological Score 

 First Rank: From an ecologic perspective hand-lines had fewer overall negative 

effects (modal value 1 - Figure 21), especially regarding collateral impacts 

(bycatch, habitat disturbance, ghost fishing – Appendix 4).  

 Middle Rank: Newfoundland cod pots ranked second, relatively close (modal 

value 2) but with less overall impacts on targeted species (post-release mortality; 

population influence). 

 Last Rank: Bottom-set gillnets in contrast seemed by far gears imposing most 

ecological impact ranking in last place for almost all criteria (modal value 3).  

 

 

Figure 21: Summary of ecological criteria scores and overall category ranks. 
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5.1.2. Economic Score 

 First Rank: Hand-lines received the overall best economic rank with a modal 

value of 1 (Figure 22). In terms of both catch (efficiency, size selectivity, quality of 

catch and flexibility) and costs (gear, bait, vessel, tools, maintenance and energy), 

hand-lines offered an interesting economic compromise for fishermen.     

 Middle Rank: With 2 as modal value (actually bimodal, but value 1 is larger with 

hand-lines), bottom-set gillnets appeared as the second best option, though catching 

larger cod with better efficiency. Yet its economic benefits incur higher costs.  

 Last Rank: Owing its modal value of 3, Newfoundland cod pots were the least 

interesting option. However, the high quality of fish caught is exceptional and may 

represent an attraction for some fishermen. 

 

Figure 22: Summary of economic criteria scores and overall category ranks. 

5.1.3. Social Score 

 First Rank: Focusing on work conditions and social accessibility, our final social 

score ranked hand-lining first with a modal value of 1 (Figure 23). Its advantages 

appeared with “Crew Requirement”, “Safety” and “Ease of use” criteria. 
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 Middle Rank: Newfoundland cod pots ranked second, with 2 as modal value, but 

with less “weather dependency” (Appendix 3), owing to the nature of the method. 

 Last Rank: With a modal value of 3, bottom-set gillnets appeared as the least 

“friendly” option in terms of work conditions, although ranked first in terms of 

“physical exertion”. 

 

Figure 23: Summary of social criteria scores and overall category ranks. 

5.1.4. Sustainability Score 

 First Rank: Hand-lines were identified as the most sustainable fishing gear, with a 

modal value of 1 (Figure 24). Some sub-criteria were more favourable for other 

gears during the assessment, such as impacts on the targeted individuals and 

population or from and on some catch-related criteria. However, with 55% of its 

criteria ranked at the highest level (60% including tied ranks); handline seems the 

most sustainable fishing method in the fishery (Figure 25; Appendix 4).  

 Middle Rank: The Newfoundland cod pot ranked slightly behind hand-lining in 

the ecologic assessment and rather closely for the social assessment. Although its 

high quality of catch is an important asset, it still received the lowest rank on the 

economic assessment. Furthermore, with most of its evaluation on the middle level 

of the ranking spectrum (30% or 60% including tied ranks – Figure 25), this gear 

was clearly second in overall sustainability. Its modal value of 2 (Figure. 24), 

reflects this tendency. 
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 Last Rank: Bottom-set gillnets ranked second in the economic assessment, but 

important economic criteria such as “quality of catch” and “durability-

maintenance” were nevertheless ranked poorly. In terms of ecologic and (to a lesser 

extent) social assessments, bottom-set gillnets were significantly last. With 45% of 

its criteria (55% including shared ranks) ranked last (Figure 25) and a final modal 

value of 3, bottom-set gillnets was clearly deemed the least sustainable fishing 

method (Figure 24). 

 

 

Figure 24: Summary of categories scores and overall sustainability ranks of the different 

fishing gears. 

 

Besides ranking, the assessments revealed several uncertainties and knowledge gaps. Six 

of the 20 criteria had tied ranks, all of which involved cod pots paired with another device; 

2 with bottom-set gillnets and 4 with hand-lines. Tied ranks between pots and gillnets 

concerned Flexibility & Reliability and Crew Members criteria, while between pots and 

hand-lines were mostly concerned catch characteristics and physical exertion. The tied 

ranks may indicate that further research is needed, especially on Newfoundland cod pots. 

Future projects should emphasis new methods or extensive data collection to assess these 

fishery concerns.  
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Figure 25: Rank distribution for bottom-set gillnets, Newfoundland cod pots and hand-

lines from all criteria. 
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5.2. Implications 

Hand-line 

Ranked first in terms of sustainability, hand-lining has the advantage of addressing most 

fishery concerns. Promoting hand-lining as a main fishing practice would help maintain a 

healthy marine ecosystem. Episodic but harmful bycatch of marine birds and mammals 

(Benjamins et al. 2008; Regular et al. 2013) which are particularly difficult to mitigate, are 

also avoided by using hand-lines. They also ensure top quality fish that can be sold at 

higher prices. By ensuring equal to better incomes for fewer fish caught, the more 

systematic use of hand-lines can by extension support the recovery of this still weak cod 

population. With a product focusing on quality and sustainability rather than quantity, 

hand-lines open the fishery to greater economic value that is particularly supported by 

increasing consumers’ demand for sustainable and ethically captured seafood (Verbeke et 

al. 2007; Marine Stewardship Council consumer survey, 2016). 

Hand-lines also have the advantages of being inexpensive, offering safe working 

conditions and are very accessible to newcomers. Furthermore, most, if not all, inshore 

fishermen own already hand-lines. These economic and social characteristics would 

therefore be a serious advantage in favor of regulatory or voluntary gear shifting.   

Newfoundland Cod Pot 

Though ranked mostly intermediately, Newfoundland cod pot had some characteristics 

similar to those of hand-lines. It is the gear that probably has the least impact on the 

targeted population, thus contributing to a long-term robust fish population and fishery 

sustainability. Cod pots also offer some interesting advantages in terms of work conditions, 

notably the lowest Weather Dependency of all gears. Its relatively poor rankings on 

economic criteria should not conceal its advantages, in particular its exceptional quality of 

catch that offers the same market opportunities as hand-lines. Meintzer et al. (2016) tested 

different type of cod pots, and reported that the smaller, lighter and cheaper Norwegian cod 

pot could significantly improve the ecologic, economic and social performances of pot 

harvesting methods in the cod fishery.  
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Bottom-set Gillnet 

Although bottom-set gillnetting is the most common harvesting method in the fishery, it 

has also the most negative characteristics. While gillnetting catches the most and the larger 

fishes, these are short-term economic advantages. In a long-term view, gillnetting will 

likely do more harm than good by contributing substantially to the degradation of the 

marine ecosystem and driving the fish stock toward smaller individuals.  Even if soak time 

is limited to few hours, which could be impeded by poor bad weather conditions, gillnets 

produce lower quality fish than hand-lines or pots, which cost gillnet fishermen better 

market opportunity. Many fishermen also expressed their willingness to stop using gillnets, 

both for economic (not enough fish, bad quality) to social reasons (work conditions).  

Recommendations 

Given the state of the inshore cod fishery in eastern Newfoundland, it seems that the use of 

bottom-set gillnets could cause more harm than good. To ensure a long-term healthy and 

productive marine ecosystem, hand-lines and cod pots should be promoted and gillnets 

restricted, at least in areas where they could have significant impacts (e.g. near seabird 

colonies, over coral areas, etc.).        

Further, the use of hand-lines and pots can be complementary along the lines that hand-

lines and gillnets are used by many fishermen. Many fishermen hand-line when their 

passive gears are in the water. Shifting to a hand-line-pot pairing would provide the 

cumulative advantages of using passive and active fishing gears (notably on catch and 

reward on efforts), while limiting ecosystem impacts and ensuring highest quality of fish. 

It would be worthwhile to develop a provincial label on the “fair trade model” for cod 

caught exclusively by these two methods, as proof of quality and ethics for consumers.  

Bottom-set gillnet is not well adapted to the Atlantic cod population around Newfoundland 

and to the new challenges offered by globalization and increasing needs for high quality 

seafood. Using hand-lines as main harvesting method to catch cod could be seen as a 

backwards step by the fishing industry, but pursuing the goal of fishing more and more 

efficiently in technological terms could prevent constructive approaches to sustainability. 

The Northern cod stock collapse in Newfoundland is a lesson that should not be forgotten 

(Monbiot 2013). This collapse proved the power of technology to destroy renewable 
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resource sustainability and the collateral damage on human communities if unsustainable 

practices are promoted. Therefore, gears offering the best compromises in terms of 

sustainability, such as hand-lines and to some extent pots, should be more considered in the 

future of this fishery. 

There is a wide room of improvement for hand-lines and Newfoundland cod pots. Catch 

and working conditions notably could be enhanced through development and test of new 

models. While new cod pots are already in test (Meintzer et al., 2016), hand-line catch 

performances could benefit from new designs (e.g. size and/or shape of the hook, use of 

lights, etc.) and working conditions from mechanized assistance, such as jigging reels; for 

example on the model of those used in the Gulf of Alaska Pacific cod fishery (Whiddon 

2016; North Pacific Fishery Management Council 2016). 

5.3. Limitations of the Study 

The main limitations faced during this study are listed below: 

 The existing data on the effects of different fishing gears on ecosystem interactions 

and catches is limited, notably in Newfoundland, and it was difficult to adapt 

comprehensive methodologies on commercial fishing vessels. We chose to monitor 

real working conditions of fishermen fishing to fill their quotas. These are 

conditions that by definition can’t be as standardized and executed as laboratory 

tests. Therefore, we had to adapt to fishermen’s decisions that affected our data 

collection (e.g. cancellation of fishing trips, exceptionally baited hooks or 2 hooks 

per line, no use of Newfoundland cod pot on certain trips, etc.). These sporadic 

variations reduced pool of data available and might have slightly influenced criteria 

such as catch efficiency for hand-lines. However, the utilisation of hand-lines by 

fishermen varies in the fishery (number hooks – 1 up to 3) and by occasions (baited 

or not). Therefore our results can be seen as an illustration of real hand-lining 

conditions in the fishery that a unique standardized procedure could not capture.  

 Because some criteria used in this assessment were too complex to be directly 

measured (e.g. habitat impact, ghost fishing, etc.), some analyses were based 

exclusively on literature review that addressed issues on a broad scale and only on 
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similar type of gears; whereas gear impacts vary due to the local conditions within 

the fishery. 

 Most of our criteria have been assessed by a combination of collected data and 

literature review. The information from scientific studies were important for our 

assessments, but might also have accentuated some fishing method impacts over 

others due to data gaps. For example, bycatch data were much more available from 

studies on gillnets. No dedicated scientific studies exist in this area for 

Newfoundland cod pots or hand-lines, so they might be viewed more positively 

than they really are, due to current lack of knowledge.   

 This study faced real limitations in the data collection due to last moment’s 

unwillingness of some fishermen to conduct fishing tests as agreed beforehand. 

Further, fishing in Northwest Atlantic during fall is extremely weather dependent 

and many fishing trips had to be cancelled. The fishing season is limited in time, 

and some opportunities of data collection were lost. 

 The seven fishing trips that served as the basis for this assessment occurred during 

late August (2 days), September (3 days) and October (2 days). This is likely 

important as the fishes seem to react differently to fishing gear at different times 

during the fishing season (pers. discussion with fishermen, 2016). This could have 

an effect on catch rates by fishing gears. Furthermore, although handlines and 

gillnets tests were conducted concurrently during all fishing trips, Newfoundland 

cod pot tests were conducted concurrently only during the Musgrave Harbour tests. 

Therefore, variation in data by location and timing may have slightly influenced the 

results.  

This study is an initial project created progressively during the fishing season. This effort 

will be built on to develop a more standardized framework and methodology for further 

research. A better framework on gears used (e.g. excluding variations such as hooks baited 

or not), more and equal numbers of tests for each fishing gear and the incorporation of new 

criteria such as seasonal influence on the capture process - would certainly provide more 

comprehensive data to assess the trends identified in this study. Consequences of variation 

in passive gears soak times and time of the day effects (e.g. on catch, quality, bycatch, etc.) 

call also for further research. 
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Conclusion 

The purpose of this multi-criteria assessment was to offer to every stakeholder in the 

Newfoundland Inshore Northern Cod fishery specific information to promote best practices 

for fishing sustainability. By embracing a holistic view and by contributing actively to the 

debate will provide more opportunity for best practice and sustainable decision-making. It 

is clear that the cod fishery model of Newfoundland is facing major difficulties that do not 

satisfy many people involved in such activity, especially fishermen and conservationists. A 

gillnet-based fishery does not value a species that is in low abundance and recovering from 

commercial extinction. The collateral effects of gillnets on the marine environment are 

numerous and question our ethic and the merits of such practice. In view of this, it is 

appropriate to consider options that are more adapted to the Newfoundland situation, 

regarding the new challenges of the 21st century.  

Hand-lines and to some extent Newfoundland cod pots provide advantages for ecological 

and social implications, as well as for economics, i.e. quality of catches, which is the real 

cornerstone to promote best practices for fishing sustainability. Appropriate marketing 

favouring fair and quality cods would certainly develop business opportunities for 

fishermen, which in case of positive response from the market will be encouraged in 

switching gears. Support from fishery stakeholders, especially the seafood industry and 

consumers, is essential and key factor to build a “social licence” with inshore fishermen. 

We conclude that encouraging such practices while reducing use of gillnets would have 

major benefits both for fishery sustainability and for the marine environment. 

Reaching the goal of sustainability through ecosystem management of renewable natural 

resources is a global concern. Yet to make progress, it will be necessary to learn from 

previous mistakes, though as the history of fisheries has shown we have been slow to learn 

(Hilborn, 1992). We have to move from destructive economic growth-at-all-costs models 

to more realistic ecological models that value renewable natural food sources from clean 

oceans rather than raw material that has to be extracted at the fastest rate possible. There 

are many choices to be made and challenges to be surmounted. 
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Appendix 1 

Cod Quality Grading Specifications. Source: Standing Fish Price-Setting Panel. Fish, 

Food & Allied Workers (2016)  
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Appendix 2 

Social survey questionnaire 
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Appendix 3 

Social survey results. The center of the chart corresponds to the “low” of the ranking 

system used during the social survey; and the exterior to “high”. Axes graduation 

corresponds to the 5 levels of the survey system. 
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Appendix 4 

Summary table of all criteria assessments 

 

 


