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Successful management of small pelagic fisheries is critical in integrated ecosystem based approaches and requires understanding of how the
ecological dynamics of pelagic stocks mesh with the economic and social dynamics of commercial fisheries and the larger systems within
which they operate. Combining insights from stock assessments with those from local fishers, scientists, and managers, can help identify
knowledge gaps that could jeopardize stock resilience. This article presents results from a social-ecological, mixed-methods study that com-
bines insights from science and from interviews with fishermen, scientists, and managers of small pelagic fisheries in western Newfoundland,
Canada (NAFO division 4R) and in NAFO division 4X. Different approaches to herring management are used in the two areas. In area 4R fish-
ing for herring (Clupea harengus) is part of a complex multi-species, multi-gear fishery; most harvesters who target herring also target Atlantic
mackerel (Scomber scombrus). Harvester interviews indicate herring in 4R, like herring in 4X and elsewhere, have substantial within-species
stock structure, but that it is not well-documented in science and not well protected under the current management system. Further, fishing
strategies in the competitive mackerel fishery in which the herring vessels are involved may contribute to the risk of over-fishing on some
herring populations.

Keywords: Atlantic herring (Clupea harengus), fishermen’s ecological knowledge, social-ecological analysis, stock structure.

Introduction
Small pelagic fish species play a key role in marine ecosystems as

forage for marine mammals, birds, and other fish; they are also

important contributors to the economies and food security of

coastal nations. Small pelagic species account for up to 50% of

global annual landings (Fréon et al., 2005). The combined effects

of high fishing mortalities, past overfishing and the impacts of cli-

mate change are exerting pressure on small pelagic stocks in

many parts of the world (Naylor et al., 2000; Barange et al., 2008;

Melvin et al., 2009). Successful management of small pelagic fish-

eries is critical because of the ecological, social, and economic im-

portance of small pelagic fish and because of their vulnerability to

environmental factors and to overfishing.

In line with commitments to ecosystem-based management,

fisheries management objectives in Canada and elsewhere have

broadened in recent years to include productivity, biodiversity

and habitat considerations (Gavaris, 2009). Within the biodiver-

sity category, increasing attention is being given to within-species

diversity, i.e. stock structure. Herring stocks have a complex pop-

ulation structure; they are made up of several distinct spawning

units, which may mix at various times during their life history

(Stephenson et al., 2009). Herring stock structure has been dis-

cussed for more than a century (Iles and Sinclair, 1982; Sinclair

and Solemdal, 1988; Stephenson and Clark, 2002; Sinclair, 2009).

The biological basis for the notion of herring stock-complexes is

well documented and based inter alia on observations that
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herring spawn in multiple, discreet locations within a stock distri-

bution area, that herring return to the same spawning grounds

from which they originated (“homing”), and that different sub-

populations show different trends in abundance and growth

(Stephenson et al., 2009; Payne, 2010). Management based on

preserving this complex population structure has the potential to

reduce the vulnerability of herring stocks to overfishing and eco-

system change. There is ongoing debate, however, whether it is

practical to manage at the scale of individual spawning aggrega-

tions (Stephenson, 2002; Kell et al., 2009).

This article reports findings from a study of the herring fishery

in area 4R on the west coast of Newfoundland, Canada. In

Canadian waters, the distribution of Atlantic herring extends

from Georges Bank and the Nova Scotia coast to Newfoundland

and Labrador (DFO, 2010a) (Figure 1). In eastern Canada, a great

deal of attention has been paid to the collapse of multiple

groundfish stocks in the early 1990s and to their limited recovery

more than 20 years later (Frank et al., 2005). The collapse of

Atlantic herring (Clupea harengus harengus) on Georges Bank in

the 1960s (Melvin and Stephenson, 2007) and the current weak

status of the Atlantic herring and capelin (Mallotus villosus)

stocks in the region (DFO, 2012a) have received less attention.

These species are the prey for cod and other groundfish (FRCC,

2009).

Like all small pelagic fish, Atlantic herring populations are

highly vulnerable to ecosystem changes and prone to rapid

changes in abundance and collapse (Stephenson, 1997). Herring

stocks in 4R are considered to be in trouble (DFO, 2014). A

multidisciplinary research programme (www.curra.ca) took place

on the west coast of Newfoundland between 2007 and 2014.

Participating researchers observed intensive herring and mackerel

purse seine fisheries each fall in the region and heard local people

express concerns about the effect of these intensive, localized fish-

eries on the herring stocks in the region. We designed a study

with the following objectives: (i) to gain a clearer picture of her-

ring management in the region by interviewing fishermen, pro-

cessors, scientists and managers and comparing the management

in 4R with the more collaborative approach in the Bay of Fundy

(Stephenson et al., 1999; Power et al., 2011), NAFO area 4X

(Figure 1); and, (ii) to identify potential gaps in scientific knowl-

edge and management that could jeopardize stock resilience by

comparing available scientific information, such as landings data

and assessment reports for area 4R (e.g. Beaulieu et al., 2010,

DFO, 2016) with data from fishermen’s ecological knowledge

(FEK). The research looked at both herring and mackerel fisheries

in the region. Here we focus mainly on the herring-related parts

of the research, but draw, where relevant, on information about

the mackerel fishery.

Conceptual framework
Fisheries are complex social–ecological systems. The disciplinary

boundaries between the social and natural sciences that often lead

to natural scientists studying fish and social scientists studying so-

cial and economic dynamics of fisheries can contribute to knowl-

edge gaps with consequences for stock resilience (Neis and Kean,

Figure 1. Study area.
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2003; Neis, 2011). One reason for these knowledge gaps is differ-

ences in the spatial and temporal scales of different kinds of fish-

eries and between commercial fisheries and research vessel

surveys (Figure 2). The knowledge about fish and fisheries of

fixed gear harvesters (traps, gillnets) tends to be highly localized

and based on often longstanding and intensive observation within

those areas. The knowledge of mobile gear harvesters, such as

purse seine operators, is based on observations over larger spatial

scales with a coarser temporal grain that are based on locating

and following aggregations of fish with the efficiency of this im-

proving overtime with improvements in fish finding equipment

and potential knowledge sharing across the fleet. Research vessel

surveys provide fishery independent information about fish

stocks at a large spatial scale (often covering multiple manage-

ment units) but at a very coarse temporal and spatial grain in that

they are conducted only once annually, each area sampled only

once and representing a small fraction of the survey area. Fishery

dependent information is sampled from landings and logbook

data but these are not always available and can be difficult to in-

terpret in the absence of information about fishery dynamics.

One way to deepen understanding of fisheries and stock com-

plexes is by bringing together information from different sources

including from science, management and fishers’ FEK (Murray

et al., 2008; Hind 2015; Stephenson et al., 2016). The systematic

collection and aggregation of local spatial scale information from

fishermen and an examination of consistencies and inconsisten-

cies between governmental assessment/management and FEK can

contribute to understanding of such key processes as fish migra-

tion patterns and stock structure (Murray et al., 2008). Interviews

with fishers can also elicit valuable information about changes in

fishing practices and how these may affect efficiency and the

health of stock complexes. Stock assessment calculations are

sometimes based on assumptions that are implicit, such as the

premise that fishing practices remain constant, which is rarely the

case (Paterson et al., 2014; Neis and Kean, 2003). Interviews with

scientists and managers can add observations that are not made

explicit in reports and scientific papers. The combination of in-

sights from these sources with those that can be derived from an

analysis of historical sources, contemporary documents and

quantitative data can help understand the history of and potential

management consequences of particular fisheries (Ommer, 2007;

Stephenson et al., 2016) as well as potential gaps in knowledge

and management that could jeopardize stock resilience (Neis

et al., 1999; Neis and Felt, 2000; Paterson and Kainge, 2014). The

likelihood of successful and sustained collection and integration

of insights from these disparate sources into science and manage-

ment is influenced by the organization and operation of science

and management regimes and power and other dynamics within

particular fisheries. It is perhaps most likely to happen in the con-

text of collaborative co-management regimes (Stephenson et al.,

2016; Mathew, 2011).

Background: the 4R herring fishery
Herring fishing has a long tradition on the west coast of

Newfoundland. For most of the 19th century local fishers targeted

so-called “shore herring” in St George’s Bay for both bait and ex-

port (Korneski, 2016). The 4R herring fishery remained primarily

a gillnet fishery until 1960 when, following the collapse of the

purse-seine herring fishery in British Columbia (Mowat, 2004, p.

162), some purse seine vessels were transferred to the East coast

of Canada. As a result, Herring landings in 4R shot up from

<4000 to 25 000 tonnes in 1972. A Total Allowable Catch (TAC)

was first set in 1977 at 12 000 tonnes, peaked in 1989 at 37 000

tonnes, and was reduced first to 22 000 tonnes in the late 1990s

and then to 13 000 tonnes in 1999. Since 2003 the TAC has been

set at 20 000 metric tonnes (Figure 3).

At the time of the study, in 2011, there were five large,

corporate-owned purse seiners licensed to fish in 4R. These large

seiners were allocated 55% (11 000 tonnes) of the herring quota

in the form of Individual Transferrable Quotas (ITQs) with the

other 45% split between 15 owner and operator <65 foot purse

seiners (22% (4,400) in the form of Individual (non-transferra-

ble) Quotas (IQs). The remaining 4600 tonnes (23%) has been al-

located to the fixed gear sector, which includes 20–24 vessels

rigged with a modified bar seine, known as tuck seiners, and

Figure 2. Conceptual representation of the relative spatial and temporal scales of information that may be derived from (existing)
governmental fisheries sampling and the potential fishers knowledge from mobile and fixed gear fleets.
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many more licensed trap and gillnet fishermen. In the fixed gear

sector there are 680 licenses, but only 120–180 were in active use

in 2011 including the 20–24 tuck seiners (Table 1). There are no

individual quotas in the so-called fixed gear sector; the fishery re-

mains open until the sector allocation has been caught and in re-

cent years most of the quota has been caught by the tuck seiners.

Thus, over the past several decades the herring fishery has moved

from an inshore trap and gillnet fishery to a fishery heavily domi-

nated by a relatively small number of large and smaller mobile

purse and tuck seine vessels (DFO, 2010a; McQuinn and

Lefebvre, 1996; Table 1).

The different fleet sectors have different fishing areas. Large

corporate seiners are allowed to fish anywhere in 4RST; small

purse seiners are allowed to fish anywhere in 4R; and tuck seiners

and trap and gillnet harvesters are limited to fishing either in area

13 or 14 depending on their homeport (DFO, 2010b; Figure 1).

In 4R the two purse seiner fleets and many of the fixed gear

harvesters including particularly the tuck seiners fish not only

herring but also Atlantic mackerel. An Atlantic wide TAC for

mackerel is divided between the United States and Canada. In

2012, the Canadian TAC was 36 000 tonnes (DFO, 2012b). No

individual quotas are set for the Canadian fishery, which remains

open until the TAC is reached.

Methods
We applied a social–ecological, mixed methods approach that al-

lows the combining of diverse qualitative and quantitative fisher-

ies data (Murray et al 2008). A key component of this

methodology is the collection of spatial information, such as

catch locations and spawning areas during interviews with fisher-

men. This approach was developed for the fixed gear cod fishery

in western Newfoundland (Murray et al 2008) and later adapted

to the Canadian Atlantic pelagic fisheries (Carruthers and Neis

2011) and the Namibian demersal trawl and longline fisheries

(Paterson and Kainge, 2014). DFO documents, fisheries statistics

and semi-structured interviews with scientists, managers and

others (see Table 2) were used to document the history of the

fishery, the basis for science advice and the management of the

fishery. Landings data for 4R were retrieved from the NAFO

Annual Fisheries Statistics Database (STATLANT 21), fisheries

statistics Canada, DFO regional fisheries statistics (http://www.

Figure 3. Herring commercial landings (t) and TAC (t) for unit areas of NAFO division 4R, 1966–2015. Source: DFO.

Table 1. Number of harvesters who participated in 4R Herring fishery in 2011 by license type, gear type, vessel category, and quota allocation.

DFO Category
Fixed gear Mobile gear

Vessel class Fixed gear Tuck seiner Small seiner (<65’) Large seiner (>65’)

Number of vessels per class 100–160 20–24 15 5
Length (ft) 25–27’ 45–65’ 45–65’ 113’
Capacity (pounds) 8000 40 000–110 000 120 000–250 000 815 000
Engwine (hp) 130 200–380 430–620 1000
Gear Gillnet, trap, handline,

mechanical reel;
Tuck seine; power

block, winch.
Purse-seine; power

block, winch.
Purse-seine; power

block, winch.
Herring quota (t)

and percent of TAC
4600 (23%) 4400 (22%) 11 000 (55%)

Quota type Open Individual nontransferable (IQ) Individual transferable (ITQ)
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dfo-mpo.gc.ca/stats/stats-eng.htm), DFO reports and from peer-

reviewed literature.

Interviews
We conducted career history interviews (Murray et al., 2008)

with 18 herring harvesters in 4R (15 active and three retired),

during the period from 16 July to 14 October 2011, in several

communities along the west coast of Newfoundland (Figure 1).

In addition key informant interviews were conducted with DFO

scientists responsible for herring science in areas 4R and 4X, as

well as with industry representatives and other stakeholders

(Table 2). Since the time of this field research the science and

management approach in 4R have remained unchanged.

Initial recommendations for participants were sought from re-

searchers who had previously worked in the area and from repre-

sentatives of the Fish Food and Allied Workers Union, which

represents fishermen in this region. Following a snowball sam-

pling method (Biernacki and Waldorf, 1981), participants were

asked during the interviews to recommend further participants.

Potential participants were approached either directly or through

initial telephone calls. Fulfilling the obligation to consider risks

and benefits deriving from participating in this research

(Maurstad, 2002; Carruthers and Neis, 2011), we explained the

research process in writing to allow participants to give free and

informed consent. A consent form was signed by both the partici-

pant and the researcher assuring confidentiality and outlining

how the data could be used. In order to maintain the anonymity

of research participants we use arbitrary codes instead of names

to refer to individual interviews. The research was given full ethics

clearance in accordance with the Canadian Tri- Council Policy

Statement on Ethical Conduct for Research involving Humans by

the Interdisciplinary Committee on Ethics in Human Research of

Memorial University of Newfoundland.

Most of the interviews with fishermen took place on board

fishing vessels. All harvesters we interviewed targeted capelin,

mackerel and herring, with the exception of a gillnetter/handliner

who did not fish for capelin. All fixed gear harvesters and some of

the < 65 foot seiners targeted other species besides capelin, her-

ring, and mackerel.

Interviews with fishermen were semi-structured and guided by

an interview schedule (Supplementary material) starting with de-

mographic questions, followed by questions regarding vessel his-

tory and finally asked about fishing areas and observations

regarding the spawning and migration of herring and mackerel.

This order allowed us to use vessel history information to elicit

information about changes over time in fishing locations.

Nautical charts were used to tie observations to places. The inter-

view schedules for scientists and other key informants differed de-

pending on the participant’s expertise (Supplementary material).

Where consent was given, interviews were audio recorded and

then transcribed. Otherwise, notes were taken during the inter-

views. In order to aggregate the information from individual in-

terviews and to allow comparison with information from other

sources the content of the interviews was arranged into different

formats. Quantitative information, including demographic data,

vessel characteristics and catch data were organized into spread-

sheets. Qualitative data from interviews, notes and documents

were coded and categories and themes were constructed

(Henning, 2004) using TAMS Analyzer (Weinstein, 2006). We se-

lected representative quotes from those themes for presentation

in this article.

Spatial information captured on nautical charts was organized

and analysed using QGIS (http://www.qgis.org), an open source

geographic information system application.

Interviews and secondary data were synthesized around the

following themes that emerged from the analysis:

(i) 4R Herring stock complexity.

(ii) The spatial and temporal dynamics of the 4R herring fleet.

(iii) Industry collaboration and participation in management.

Results
4R herring spawning areas and stock structure
Eight interviewees (one trap fisherman, four small seiner captains,

two large seiner captains, and one marine biologist from the area)

provided specific information on location and timing of spring

and fall herring spawning (Figure 4). These participants described

spawning events in particular bays, where they recognized spawn-

ing aggregations, either by observing the fish themselves or the

cloudiness of milt in the water. Three harvesters who work in the

southern part of the coast had observed spring spawning aggrega-

tions in St George’s Bay and Port aux Port Bay. Four participants,

who fish between Bonne Bay and Port aux Choix, reported spring

spawning events further North in Bonne Bay and in St John Bay.

Fall spawning aggregations were reported for the central part of

the coast by three participants who live or fish in that area. There

were no contradictions in the data. One older small purse-seine

harvester who has fished along the entire coast during his career

reported observations at all of these locations. This harvester de-

scribed fishing on spawning aggregations in St George’s Bay and

selling his catch to Russian boats during the late 1980s:

I had a little boat and then, when you [took] the hatches off

the boat the spawn would be running out, that much spawn

all over the boat, you know, they spawned in the boat. I cried

shame at the Fisheries for having her open at that time, at

spawn time. . . . It was two or three, or four factory freezer

trawlers out there in the bay, anchored, and that’s where we

were selling it, to them . . . there was no herring there after

that (NC 11).

Another small purse-seiner referred to the same events and the

conservation measures that DFO put in place consequently in the

form of area closures:

Table 2. Research participants.

Affiliation Count

Fish harvester 18
Large seiner (1 retired) 3
Small seiner (2 retired) 8
Tuck seiners 5
Fixed Gear (Trap/Gillnet) 2

DFO scientists 5
DFO economists, managers, and compliance officers 5
Industry stakeholders other than harvesters 3
Other 5
Total participants 36
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Years ago, when the spawners used to come in Bay of St.

George, I guess we fished them pretty hard there for a few

years, and now they got the area closed where they spawn, so

we can’t go there in the spring (NC 12).

DFO reports distinguish between two stock components for 4R,

based on spawning time (DFO, 2010a). The distinction is based

on otolith and gonad analysis of catch samples from various land-

ing sites. Fish from the samples that show signs of spawning be-

fore 15 July are labelled spring spawners; those with signs of

spawning after that date are labelled fall spawners (NC 29).

According to DFO reports, the main spawning areas associated

with the fall spawning stock are north of Port au Choix (e.g.

DFO, 1997, 1999, 2010a,b).

Although “several other spawning sites are known along the

coast towards the north” (DFO, 1997) DFO reports give explicit

attention to only two main spawning areas for the spring spawn-

ing stock, i.e. St George’s Bay and Port au Port Bay (Figure 4).

Stock status
None of the purse-seine harvesters we interviewed expressed con-

cern about herring abundance. One small seiner captain sug-

gested, however, that the seasonal abundance of herring has

changed:

Researcher: So you say you have to look for the herring much

less than you used to?

Harvester: Oh yeah (. . .) now, it’s end of spring, it’s hard to

find, they’re really scarce in the spring here, but in the fall of

the year that’s when they come in, November, plenty of it in

November. But the spring time is [when] they’re scarce, I

must say. Used to be the other way around years ago.

Researcher: When was that?

Harvester: Oh I guess twenty years ago, maybe (NC13).

In contrast, the trap fisher stated that the stock was not in good

shape (NC3). A DFO scientist reported that fixed gear harvesters

have expressed concern about the status of the 4R herring stocks,

because they were unable to catch herring at the locations where

they used to catch it in the past (NC29).

Current catches consist overwhelmingly of fish that are consid-

ered to be fall spawning herring (DFO, 2016). Acoustic survey

data indicate a continuous decline in spring spawner biomass

since 1999 (DFO, 1999, 2016). Recent survey results indicate an

almost complete disappearance of spring spawning herring and a

possible decline in the fall spawning stock (DFO, 2016). The

2011, 2013, and 2015 assessments state clearly that current catches

of herring cannot be sustained (DFO, 2012a, 2014, 2016).

Acoustic surveys were conducted every 2 years from 1989 un-

til 2002. Since then surveys took place in 2009–2011, 2013, and

2015. No survey was conducted in 2012 and 2014 (DFO, 2014,

2016). The surveys are conducted in the fall, between mid-October

and early November. The survey area extends from Cape Anguille

in the South to Anchor point in the North (Figure 8 in DFO,

2014).

In addition to the acoustic survey data a second index of abun-

dance used to be derived (from 1985 until 2006) from gillnet

catch rates of some fixed gear harvesters, but was discontinued

due to lack of resources at DFO and a lack of participation by

harvesters (NC 29). Fishery dependent data on landings are still

collected by DFO resource management, and made available to

the stock assessment scientists. All landings by purse-seiners are

weighed in the presence of a dockside monitor. In the case of

fixed gear harvesters (i.e. trap, gillnet and tuck seine fishers) who

sell their landings to a processor or buyer, landings data are calcu-

lated from purchase slips.

To protect the spring spawning stock a year round closure of

Port aux port Bay and St George’s Bay was introduced in 1995, but

was lifted in 1997 (DFO, 2003, 2004, 2005, 2010b, a). Since 1999

both bays are closed during the spring (no fishing before 1 July)

but remain open to herring fishing the rest of the year, except for a

closed area inside St George’s Bay (Figure 5). In 2001, a catch limit

of 1000 metric tonnes was implemented and then increased to

2000 tonnes in 2002. In 2004, the year-round closure at the bottom

of St. George’s Bay was changed to a spring closure and the north-

ern boundary of the closed area in Port au Port Bay was moved

slightly southward following requests from the industry and,

“based upon the view that catches in the more northern area were

primarily autumn spawners” (DFO, 2010a). Recent DFO assess-

ment reports recommend that the closures in Port au Port Bay and

St Georges’s bay, which changed from a large year-round closed

area to a small area closed only during spring, remain in place to

protect the reproduction of the spring spawning stock (DFO, 2015,

2016). The information about spawning locations provided by fish-

ers suggests the possible existence of several subpopulations that

spawn in 4R at different times and at locations other than Port au

Port Bay and St. George’s Bay. There are no management initiatives

in place to try to protect these aggregations.

Figure 4. Localities where harvesters and a local resident have
observed herring spawning in NAFO Division 4R.
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A DFO scientist suggested during the interview that the decline

of the spring spawning stock may be due to changing environ-

mental conditions, which caused herring to change their spawn-

ing behaviour resulting in more herring spawning in the fall than

in the spring (NC 29). The scientific view regarding the fixed gear

harvester’s concern about herring not returning to previous fish-

ing locations is that this change is likely a consequence of envi-

ronmental conditions:

The fixed gear fishers think that when their catches are down

one year that this indicates that the stock is low. It is a chal-

lenge to show them that the fish are there, they are just some-

where else and therefore not being caught in the traps. Water

temperature is the reason for this (NC29).

Some 200–300 fixed gear harvesters use their herring licenses to

catch herring in the St George’s Bay and Port au Port Bay to use

as bait in the lobster directed fishery during the spring. The quota

for the spring bait fishery is limited to 2000 metric tons.

However, logbooks are the only potential source of data for this

bait fishery because these catches are not sold and therefore not

captured by purchase slips data. Although mandatory, logbooks

are seldom submitted (NC 29). Thus it is impossible to enforce

this quota. The amount is also not deducted from the overall

TAC (DFO, 2005). A DFO scientist commented on this fishery:

(. . .) we have no idea about how much is caught in the spring

fishery, which targets the spring spawners. Is it possible that

they catch too much? (NC 29).

Since the spring fishery is located in the same bays that are associ-

ated with the spring spawning stock and in the absence of catch

data there seems to be a tendency to conflate this fishery with the

spring spawner decline.

The spatial and temporal dynamics of the 4R herring
fleet
We asked fishers where they had caught herring during the most

recent season and in past years. The large and small seiner cap-

tains, including those whose homeports are in the Northern part

of the coast, all reported catching most of their herring allocation

in St George’s Bay as well as Bay of Islands and Bonne Bay

(Figure 4). None reported having caught herring north of Bonne

Bay. Of the seven fixed gear harvesters who participated in our

study, five are based in communities along the Northern part of

the coast. Only one of them, a gillnetter, reported catching her-

ring in that area. The remaining four fixed gear harvesters use a

tuck seine and fish for herring in Bonne Bay. In fact, several of

the small purse-seiners suggested that hardly any fish is caught in

the northern part of the coast. A small seiner whose homeport is

in the southern part of the fishing area explained:

Harvester: The bulk of the herring now, from everybody is

taken in area 13 (. . .) the large seiners used to head [North]

20 years ago and took, say, one third of their quota, but the

last 20 years they don’t catch any down there. There’s just no

herring caught down there. Now the gillnetters did this year,

the bait market was good and the price was good so the gill-

netters went back at it and caught their share this year (. . .).

So, like, the [Northern] part of Area 14, Like St. John’s Bay,

Port aux Choix, all [along] that coast, there’s very little her-

ring taken these last 20 years (NC 20).

Another harvester from a Northern port confirmed that herring

is available further north in that area from spring until fall, but

that he catches his quota in the South. When asked why anyone

would drive their boats from Port aux Choix all the way to St.

George’s Bay, harvesters explained that this is linked to the mack-

erel fishery.

One of the Port aux Choix-based purse-seiners explained:

Harvester: Herring [season] is however long you can squeeze

it out (. . .). Usually, what I do, is catch my mackerel. When

the mackerel season’s over, on the way home, I catch my [her-

ring] (. . .) The last few years my herring has been taken in

Bonne Bay, and in the [South] even though there’s lots here

[Port aux Choix], but the buyers are on that end and coming

here and setting up for just one or two boats, they’d have an

excuse to try and trap you more (. . .)
Researcher: Why do you catch the mackerel first?

Harvester: It’s global. Where my [herring] quota is individual.

Researcher: So you save your quota [of herring]?

Harvester: Sure, and go after the one that’s there for what we

call open season. It means that the more you can get the better

for you (NC 9).

A fishing strategy that prioritizes catching mackerel first is further

encouraged by buyers, who want as many mackerel as possible

because the value of mackerel per tonne of landings is far higher

than the value of herring or capelin (Figure 6).

Figure 5. Closed areas in Port aux Port Bay and St Georges Bay in
NAFO Division 4R. The striped lines indicate the boundaries of the
closures in 1995, the solid lines indicate the changes that were made
in 2004: the year-round closure at the bottom of St. George’s Bay
was changed to a spring closure and the northern boundary of the
closed area in Port au Port Bay was moved slightly southward.
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We spend all fall trying to avoid [herring] because [of] our

buyers. The mackerel fishery is that lucrative to them that

they don’t want to put any herring in the cold storage until

the mackerel fishery is finished (NC10).

Thus, as mackerel schools are moving southwards during the fall

migration and exit the Gulf of St Lawrence through the Cabot Strait,

seiners aim to maximise catches as long as the fish are still within

their fishing area. They follow the schools along the west coast of

Newfoundland and part of the south coast to extend the time win-

dow for fishing. As a result, when the mackerel fishery ends and fish-

ing effort shifts to herring the majority of seiners are concentrated in

the southern part of the coast. In the absence of spatial management

measures these harvesters catch their herring quotas in the southern

bays rather than along the northern part of the coast.

The information provided by harvesters about the spatial dis-

tribution of fishing effort is consistent with DFO landings data

which indicate that since 1990 the majority of herring landings

were caught along the southern part of the west coast, i.e. in sub-

areas 4Rc and 4Rd (Figure 7). Between 2000 and 2009 the two

areas contributed to almost 80% of landings. This uneven effort

is contrasted by scientific recommendations, which routinely state

that there is a need to distribute fishing effort evenly along the

coast to avoid disproportionate pressure on spring spawning her-

ring (DFO, 2003, 2004, 2005, 2010b, 2012a).

During interviews we collected information about changes that

harvesters have made over time to their vessels and fishing gear

(Supplementary material—Protocol for career history interviews

with fish harvesters—vessel history). We found that small-seiners

have invested in larger boats, stronger engines and better fish

finding technology to improve their ability to catch mackerel. As

a result of these investments, harvesters have become highly de-

pendent on the mackerel fishery but also more efficient:

You got people with million dollar boats, you got to have

something to pay for it, right? If the mackerel fails, you know,

Figure 6. Annual value ($) herring, mackerel and capelin landings (t) in Newfoundland. Source: DFO.

Figure 7. Distribution of average landings for each period across subareas. Sub area 4Rc includes Port au Port Bay, subarea 4Rd includes Bay
St George. Source: DFO.
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we’re finished. We’ll never make a living. I’m okay because I

own my boat, but the young guys starting out, with a million

dollars in the hole, if the mackerel fails, we’re finished. You

can’t even make a boat payment. The herring and capelin,

there’s no money in that, you might make yourself a hundred

thousand dollars a year, a hundred and fifty thousand, but

how in the hell are you going to live on that, with a bunch of

men to pay and fuel, and the cost of fuel today (NC12).

Tuck seines
Although many of the fixed gear (primarily gillnet) licenses are

inactive, the use of tuck seines is increasing in the sector. Tuck

seine gear is operated from a vessel between 45 and 65 ft in length,

which is equipped with a power block and fish pumps. Although

tuck seines are not different from purse seines they are operated

under fixed gear licenses. The fixed gear category always allowed

the use of a bar seine to trap fish in a narrow inlet. A union repre-

sentative explained how fixed gear harvesters have taken advan-

tage of this loophole in the regulations:

There was a fisherman, this was back in the nineties, that ba-

sically went and set up a miniature purse-seine under the bar

seine principle (. . .). And he went and he caught capelin with

that miniature purse-seine that he rigged up and he was taken

to court and the judge gave him the all clear (. . .), that’s

taken off since then, and most people that didn’t ever fish,

now, have geared up their vessels (. . .) and a lot of these boats

geared up with tuck seine (. . .). And so it’s allowed the fixed

gear to become much more prolific at catching all three spe-

cies, but particularly mackerel, which was very difficult to

catch before (NC5).

Two younger harvesters described tuck seining as an opportunity

for them to enter the small pelagic fishery by buying one of the

many inactive fixed gear licenses and then gearing a vessel out as

a small seiner.

In 2011 the only active fixed gear harvesters in area 13

(Figure 1) were 12–14 tuck seiners. In the same year there were

8–10 active tuck seine harvesters in area 14 and about 100 other

fixed gear harvesters, 80% of whom used gillnets and 20% traps.

To reduce competition, tuck seiners in each area have entered an

informal agreement that divides the quota equally among them.

In 2011 this amounted to 300 000 pounds per tuck seiner in area

13 and 130 000 pounds per tuck seiner in area 14.

Industry collaboration and participation in management
We asked DFO managers about the management of the 4R her-

ring fishery and complemented what we learned in these inter-

views with information from DFO reports. The principal

advisory body is the 4R herring co-management committee

(DFO, 2010a); this committee includes harvesters, processors and

DFO personnel from science, statistics, resource management,

and conservation and protection. Committee meetings are held

annually before the beginning of the season; additional meetings

are seldom held (NC 26). These meetings are meant to provide a

forum for stakeholders to raise issues and discuss problems; sci-

entific data are presented to stakeholders, the previous years of

the fishery are reviewed, and management measures are discussed

before being put in place.

We did not explicitly ask harvesters about their participation

in management but one tuck seiner mentioned that certain indi-

viduals dominate the committee meetings:

I’ve been going to the pelagic meetings the last few years, the

meetings they’ve been having in Corner Brook in the spring

[. . .] when we got all the fisheries [participants] sat down,

(. . .), if they ask (. . .) if the fishery should get up and answer,

[name of a processor] will get up and cut them off and answer

for them (. . .) he’s a smart man, can just shut them up or

leave them speechless (NC22).

In 2010 and 2017 the committee included six seats representing

fishers, two for the large seiner sector, two for the small seiners,

and two fixed gear and six processor representatives (DFO,

2010a; NC2), thus seemingly providing an equal number of seats

to harvesters from all three sectors and processors. The commit-

tee is co-chaired by a DFO resource manager, a representative of

the small seiner fleet and a representative of the main processing

company (DFO, 2010a; NC2). Moreover, all of the five large

seiner vessels are owned or operated by two of the processors

holding seats on the committee. Thus the interests of the process-

ing sector are aligned with the large seiner fleet which have access

to the majority of the TAC and are likely to outweigh the interests

of the smaller operators and fixed gear harvesters on the

committee.

Besides the annual committee meetings there have been two

noteworthy collaborations between DFO and the fishing sector.

First, information from fixed gear harvesters used to be collected

by DFO through the index fishermen programme (NC29).

However, this programme was discontinued due to a lack of re-

sources at DFO. Although submission of logbooks is mandatory

for fixed gear harvesters according to the management plan, none

were submitted in 2004 (DFO, 2005) and the rate of return is

generally very low, with only about 5 out of 200–300 fishermen

submitting logbooks (NC 29). As a result, there is now no mecha-

nism to collect fishers’ knowledge from the fixed gear sector.

Second, since 2004, annual larval surveys have been carried out

by DFO in collaboration with the main processing company (NC

29; Barry, 2008). Thus, all current collaborations are with the

large seiner fleet and the processing industry.

Management approach in 4X
In contrast to the herring fishery management approach in area

4R, herring management in the Bay of Fundy (NAFO division

4X) pays attention to individual spawning units based on spawn-

ing area and is based on a collaborative co-management ap-

proach. A DFO scientist explains:

These [spawning areas] form the basis for the divisions of

where the herring are and where they spawn and that’s really

the basis for the management [in the Bay of Fundy]. That’s,

to collect information about these spawning groups, that we

know about, and to try and maintain their integrity (. . .)
We’re doing multiple surveys up to two weeks apart on the

same spawning area and the assumption is that herring are

coming on to the grounds spawning and then leaving. But we

need to verify that with the tagging evidence that they actually

do leave the grounds and what the sort of depletion rate is

through the season (NC 1).
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Acoustic surveys of individual spawning aggregations and tagging

operations are conducted with the help of the commercial fishing

fleet. In some years, the TAC has been spread among spawning

areas to prevent overfishing of individual subcomponents

(Stephenson et al., 1999).

The management of 4X herring is based on three management

objectives (Power et al., 2011):

(i) To maintain the reproductive capacity of herring in each

management unit through persistence of all spawning com-

ponents in the management unit; maintenance of biomass

of each spawning component above a minimum threshold;

maintenance of a broad age composition for each spawning

component; and maintenance of a long spawning period for

each spawning component.

(ii) To prevent growth overfishing by striving for fishing mor-

tality at or below F0.1.

(iii) To maintain ecosystem integrity/ecological relationships

(“ecosystem balance”) through maintaining spatial and

temporal diversity of spawning; and maintaining herring

biomass at moderate to high levels.

The intensive management approach in the Bay of Fundy requires

active support from the fishing industry. This support was gained

in part through a shared experience in 1988 when fishermen and

scientists were both able to see the effects of localized intensive

fishing effort on a particular spawning area, Trinity Ledge

(Figure 1).

The Trinity Ledge fishery, was a center of activity, a preferred

area to fish, made up as much as 40% of the catch one year or

two years and then collapsed. So that was the demonstration

to the industry, that even staying within an overall quota,

they were capable of eroding parts of the stock, if they applied

the whole quota to that area (. . .). [They] saw themselves

that they were eroding groups, ‘families’ they called them, and

they helped us find a solution (NC 2).

This realization led to an industry inclusive science and manage-

ment structure that emulates co-management (Stephenson et al.,

1999).

Discussion
4R herring spawning areas and stock structure
Herring in the western Atlantic are managed as several stocks at

the scale of relatively large NAFO management divisions (Figure

1). There is general agreement that all divisions contain complex

populations, with several discrete subpopulations, but the atten-

tion paid to subpopulation integrity, especially at small spatial

scales, varies between divisions and authorities (Stephenson et al.,

2009).

The simple division, in 4R management, into spring and fall

spawners cannot account for the much finer temporal and spatial

structure of herring populations. Spawning time is only a rough

approximation of actual spawning behavior, which can happen

from April until December. Most herring will spawn at a specific

location and at about the same time within a few weeks each year

(Iles and Sinclar, 1982). While it has been recognized that a

change in environmental conditions may, over time, favour one

spawning period over another (Melvin et al 2009), the concern

expressed by fixed gear harvesters that herring are not observed in

locations where they were previously caught, may indicate local-

ized overfishing of a spawning group rather than environmental

effects on fish movement. The assumption of single spring and

single autumn stocks that underpins 4R herring management

runs the risk of serial erosion of small spawning groups

(Stephenson, 1999; Stephenson et al., 2009).

Rejecting the existence of multiple spawning stocks and the

possibility that some of them have been locally overfished implies

that 4R herring are considered to be one single stock. This as-

sumption would lead to the unlikely conclusion that the popula-

tion dynamics of 4R herring are different from those of herring

elsewhere in Atlantic Canada (Stephenson et al., 2009) or in the

northeast Atlantic (Kell et al., 2009). The question remains

whether the subunits can be adequately protected by a mixed

stock management and whether more specific management is

worth the effort (cf. Kell et al., 2009).

The smallish nature of the spawning groups in 4R, combined

with the observations of changes by harvesters, which may indi-

cate the loss of small components, provide a rationale for address-

ing sub-components in management more explicitly (cf.

Stephenson, 1999).

Acoustic surveys in 4R have been intermittent and fishery de-

pendent information is patchy. Recent herring catches in 4R have

been supported by a single year class (DFO, 2014). Maintaining a

wide array of year classes is important for the sustainability of

fish stocks and to reduce risk for the fishery (Rouyer et al., 2011).

Data gaps and the continuous decline of the spring spawning

component highlight the precariousness of 4R herring

management.

Considering past and present fishing effort in the bays that are

considered the main spawning ground for spring spawners, it

seems reasonable to suspect that this effort is linked to the contin-

ued decline of the spring spawning component.

The spatial and temporal dynamics of the 4R herring
fleet
The information provided by harvesters regarding their fishing

locations explains why fishing pressure has been spatially dispro-

portionate, exerting pressure in the southern bays including St

George’s Bay in spite of scientific advice to disperse fishing effort

to avoid intensive fishing in these areas (DFO, 1997). The infor-

mation suggests that this disproportionate fishing effort is caused

by interactions between the herring and mackerel fisheries.

Harvesters reported during interviews that they usually target

herring after the mackerel fishery. This is not due to availability

because seiners from Port au Choix and Port Saunders report an

abundance of herring close to their homeport. Rather, the har-

vesters provide a more complex rationale, i.e. that mackerel are

more valuable than herring and sought after by buyers, and be-

cause there are no individual quotas, harvesters tend to concen-

trate on mackerel first as long as the fishery lasts. Indeed, since

2009 the minimum price for mackerel has increased by 50%

(http://ffaw.nf.ca/en/fish-prices). Many of the harvesters have

agreements with fish buyers, for whom cold storage space is a

constraint.

Uneven fishing pressure can result in the local erosion of

spawning components as has been observed for herring in 4X in

the early 1990s (Stephenson et al., 1997, for pollock (Theragra

chalcogramma) in the western Gulf of Alaska and cod (Gadus
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morhua) resident on the eastern Scotian Shelf (Ciannelli et al.,

2013). Such depletions decrease the genetic and phenotypic diver-

sity and thus the ability to protect against environmental or

human-induced variability (Ciannelli et al., 2013). Recovery after

a local extinction may take longer than estimated (Murawski,

2010).

Our analysis not only highlights that the absence of quota re-

gimes in the mackerel fishery influences when and where herring

are caught, but also shows that the incentives towards overcapac-

ity in one fishery can have consequences across other fisheries.

Quota systems aim to curb trends toward efficiency increase and

overcapacity in competitive fisheries (Copes, 1986). However, in-

teractions between fisheries, if ignored, can lessen the effective-

ness of such management regimes. In 4R, the small pelagic

fisheries for herring and mackerel are managed separately under

different management regimes, although the same participants

are involved in each case. Both the large and small seiner fleets

operate under individual quota management systems when tar-

geting herring, but no individual quota systems are in place for

mackerel. This “stovepipe” approach to fisheries management

(Pinkerton, 2007) treats these fisheries as temporally and spatially

distinct and ignores the fact that from the perspective of the fish-

ers this distinction is much less clear. Consequently, high demand

for mackerel combined with the absence of individual quotas has

acted as incentives for increased efficiency in the seiner fleet.

These investments in turn put pressure on harvesters to continue

maximizing their returns from the mackerel fishery. In the fixed

gear sector, the remaining traditional gillnet and trap fishing

methods are increasingly being replaced by tuck seines, which are

operating under fixed gear licenses and are catching the majority

of the fixed gear allocation. As a result, the fixed gear sector is be-

coming increasingly mobile, fishing efficiency is intensifying in

both sectors and with it the ability of mobile gears to catch her-

ring aggregations wherever they may occur.

Industry collaboration and participation in management
The 4R herring sector is highly diverse; fishers are using different

gear types and selling herring to different markets, both local and

internationally. These differences in gear types and operations

not only come with differing interests but also different knowl-

edge about herring that is gained through fishing. Purse-seiners

who are able to follow fish aggregations will gather information

about fish movements at a larger scale than fixed gear harvesters

who set their traps and gillnets often at the same place for several

seasons. Fisheries science gathers information that is most rele-

vant for stock assessment and thus also at a larger, population-

wide scale. However, the only mechanism to bring these different

kinds of information together is the annual co-management

meeting in which representation is skewed in such a way that the

interests of processors are likely to outweigh the interests of small

fishing enterprises. In this light it is interesting that the explana-

tions for the decline in spring spawners that were put forward by

DFO representatives during the interviews are either focused on

environmental factors or on the spring bait fishery but no men-

tion is made of the possibility of overfishing by purse seiners.

This line of argumentation is highly problematic for several rea-

sons. Purse-seiners are capable of removing complete aggrega-

tions, which can quickly result in the removal of individual

spawning components as observed in the Bay of Fundy. However,

the current management assumption of a single spring and single

autumn stock runs the risk of missing the erosion of small spawn-

ing groups. Associating the continued decline of the herring

stocks with a localized fixed gear fishery ignores past high catches

from mobile gears as well as the interactions between the herring

and mackerel fisheries. The non-enforcement of logbook submis-

sions from the fixed gear sector and the resulting non-reporting

of bait catches means that it is impossible to verify how these

catches are affecting the status of 4R herring stocks.

To improve understanding of herring stock structure in 4R

and the causes for continued stock decline the knowledge of har-

vesters from all gear types needs to be integrated with scientific

information. In order to determine who is fishing where and

when, it will be necessary to map fishing locations by month and

gear type. This could be achieved through further interviews with

fish harvesters. The resulting information together with the re-

ported landings will help determine the impact of each gear type

on the fishery. Boonstra and Hentati-Sundberg (2016) demon-

strate how qualitative interview data can be integrated with quan-

titative data from logbooks and other sources to analyse fishing

behavior. Likewise, more detailed information about herring

spawning locations from fish harvesters of all gear types is neces-

sary to implement a management approach based on individual

spawning grounds.

The benefits of an inclusive management approach have been

demonstrated in the Bay of Fundy where collaboration with purse

seiners allows explicit monitoring and consideration of individual

spawning aggregations (Stephenson et al., 1999). As in 4R a de-

cline was also observed in 4X, but in contrast to the 4R fishery the

erosion of individual spawning components could be shown and

by giving attention to the smaller units management is attempt-

ing to prevent further erosion. The participatory and collabora-

tive management regime in 4X was built on a long history of

collaboration between the fishing industry, researchers and man-

agers. The fishing industry now provides much of the sampling,

surveys and information for assessment.

Conclusion
It is interesting that there are two quite different approaches used

for herring fishery management in eastern Canada. It seems that

in the case of the Bay of Fundy herring fishery scientists, man-

agers and fish harvesters have been able to learn from past crises

and to develop a collaborative management approach that allows

them to pool resources and pay close attention to herring stock

structure. Consideration of stock structure and protection of

spawning components are important aspects of maintaining

within-species diversity and thus should form part of an ecosys-

tem based management approach for small pelagic fisheries. The

integration of fishers’ knowledge can help fill current knowledge

gaps and thus forms an important part of “best available informa-

tion” for fisheries science and management. It is part of the re-

quired information for integrated, ecosystem-based management

approaches and constitutes a necessary element in the integration

of ecological, economic, social, and institutional considerations

of fisheries management decisions. It seems that the management

of the 4X herring fishery in the Bay of Fundy has been more suc-

cessful at recognizing and structuring management to maintain-

ing multiple local spawning components.

It is important to look closely at how these developments were

made possible: what factors support collaboration in the Bay of

Fundy fishery and what factors prevent similar developments in

4R? These are important questions that need to be asked not only

Social–ecological study of stock structure and fleet dynamics 267

D
ow

nloaded from
 https://academ

ic.oup.com
/icesjm

s/article/75/1/257/3860037 by guest on 24 April 2024

Deleted Text: ,
Deleted Text: ve
Deleted Text: C
Deleted Text: P
Deleted Text: M
Deleted Text: z
Deleted Text:  


to improve the management of the 4R herring fishery but also for

small pelagic fisheries in general. The fact that such different

management approaches are possible in such close proximity

clearly indicates that fisheries management systems are less deter-

mined by ecological conditions but rather are a product of those

involved.

Supplementary data
Supplementary material is available at the ICESJMS online ver-

sion of the article.
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