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1  |  INTRODUC TION

Fisheries are a source of global food security, but many fish stocks 
have been overexploited (Steneck & Pauly, 2019). Corresponding 
habitat destruction caused by fishing gear has exacerbated global 
declines in ecosystem health, fish biomass and economic value 
(Steneck & Pauly, 2019; Sumaila et al., 2012). Humans and ecosystems 
are intrinsically linked, so effective management of ocean resources 

is essential to support human well- being (Millennium Ecosystem 
Assessment, 2005) and to achieve interlinked sustainability objec-
tives defined in the United Nations Sustainable Development Goals 
(UN General Assembly, 2015). Processes of natural environments 
supporting human well- being have been described as ecosystem 
services, which are categorised into provisioning, regulating, cultural 
and supporting services (Millennium Ecosystem Assessment, 2005). 
To raise the profile of the importance of ecosystem services to 
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Abstract
Fisheries are in decline worldwide, and Marine Protected Areas (MPAs) are being ad-
vocated as tools that can not only protect and restore biodiversity but also improve 
fisheries sustainability and protect fisher livelihoods. To understand the role of Marine 
Protected Areas (MPAs) in underpinning commercial fisheries, this study demon-
strates the economic value of Jersey's benthic substrates (habitats) for five predomi-
nant species fished by Jersey and French vessels: Homarus gammarus, Cancer pagurus, 
Maja brachydactyla, Pecten maximus and Buccinum undatum. Value was apportioned 
between habitats that support these commercial species across their essential life 
history stages, and the proportional economic value that was protected from bottom- 
towed fishing within MPAs was analysed. Multiple habitats across Jersey's territorial 
waters contributed a total economic value of £14,664,729, with £4,127,999 protected 
within MPAs. Overall, subtidal sediment was the most valuable habitat to both Jersey 
(£2.12 million) and French (£2.47 million) fisheries but was also the least protected 
habitat from bottom- towed fishing (2.73%). Our findings support an ecosystem- based 
approach to fisheries management and emphasise the importance of considering spe-
cies life histories, and their habitat requirements, in management plans.
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human well- being, research programmes and projects have sought 
to value ecosystem services (Costanza et al., 2014; Millennium 
Ecosystem Assessment, 2005).

Traditionally, measurements of fisheries sustainability have fo-
cussed on population- based metrics, such as Maximum Sustainable 
Yield (Ulrich et al., 2017). However, these methods do not consider 
the wider ecosystem supporting the fishery. Many fish species 
rely on multiple habitats across their life cycle (Seitz et al., 2014). 
They specifically rely on “essential habitat” that is defined as wa-
ters and substrates needed for feeding, growth and reproduction 
of fish species throughout life (Rosenberg et al., 2000). Habitats in 
which adults are caught provide evidence of habitat use during adult 
stages, but habitats they rely on during spawning and juvenile stages 
are equally vital. Spawning areas are those where adults migrate to 
release eggs, and nursery areas support growth and survival of ju-
veniles (Beck et al., 2001). Recently, habitat information has been 
incorporated into fisheries management (Brown et al., 2019) to 
move towards ecosystem- based fisheries management (Rosenberg 
& McLeod, 2005). Benthic habitats are particularly important for 
fisheries to provide shelter, foraging grounds and breeding grounds 
for species targeted by commercial fisheries (Howarth et al., 2011; 
Kritzer et al., 2016). Here, the term “habitat” refers to physical char-
acteristics of benthic substrates that can be classified using the hier-
archical European Nature Information System (EUNIS). Essential life 
history stages of fish species are supported by multiple dimensions 
of the marine environment (Elliott et al., 2017; Kritzer et al., 2016). 
Therefore, an understanding of species- habitat associations is cen-
tral to identifying essential habitats that support life stages of ex-
ploited species and are, therefore, of high priority for management 
(Seitz et al., 2014).

Commercial fisheries do not operate in isolation of the wider 
ecosystem. Across the world, marine and coastal habitats are threat-
ened by multiple anthropogenic impacts (Lotze et al., 2006), including 
fishing practices (Halpern et al., 2007). Bottom- towed fishing prac-
tices, such as trawling and scallop dredging, cause extensive damage 
to the seabed (Thrush & Dayton, 2002). This can create conflict with 
other fisheries targeting the same habitats through direct damage to 
target species (Beukers- Stewart & Beukers- Stewart, 2009) or indi-
rectly through habitat degradation and disruption of trophic dynam-
ics (Thrush & Dayton, 2002).

Marine Protected Areas (MPAs) and sustainable fisheries are in-
trinsically linked (Rees et al., 2020). MPAs are “clearly defined geo-
graphical space, recognised, dedicated and managed, through legal 
or other effective means, to achieve the long- term conservation of 
nature with associated ecosystem services and cultural values” (Day 
et al., 2012). However, legal instruments available to fisheries man-
agers (such as bylaws) that exclude specified fishing metiers from 
spatial areas are often employed to protect specific features within 
MPAs. Increasing evidence suggests that MPAs with fishery man-
agement measures to exclude bottom- towed gear can both protect 
and support the recovery of protected features (Solandt et al., 2020) 
and provide social and economic benefits (Rees et al., 2021a,b). 
Additionally, maintaining or improving the structural integrity of the 

seabed can enhance the ability of a system to support fishery spe-
cies (Davies et al., 2021; Elliott et al., 2017; Howarth et al., 2011). At 
present, most fisheries bylaws to protect conservation features fall 
within national networks of MPAs that have limited potential to im-
prove the sustainability of fisheries if habitats that are important to 
the survival of commercially targeted species fall outside of the MPA 
boundary of protection (Klein et al., 2015). Resource managers must 
now think beyond MPAs as the sole tool to underpin all demands of 
society from marine ecosystems and to move towards sustainable 
use of oceans for a wide range of societal benefits (Rees et al., 2020).

In addition to food security, fisheries provide jobs and income, 
through direct market values at the point of landing. Economic 
valuation applied to ecological systems is proving to be a useful 
tool to progress debate and discussion as to costs and benefits of 
fisheries management and conservation (Ovando et al., 2016). The 
first- sale wet weight market values at the point of port landings 
have been used as an indicator of the value of fisheries to coastal 
communities (Jackson et al., 2015; Rees et al., 2021b). However, an 
ecosystem- based approach to marine management is increasingly 
recognised in both policy (e.g. Food and Agriculture Organization 
of the United Nations (Staples & Funge- Smith, 2009); and Marine 
Strategy Framework Directive (MSFD) (European Parliament and 
Council, 2008)) and practice (Marshall et al., 2019) as a tool to link 
essential habitats inside and outside MPAs.

Our objective was to determine whether coastal habitats sup-
porting the economic value of key fisheries in Jersey and France 
were protected within existing MPAs. To achieve our objective, we 
assessed the availability of essential fish habitat that supports the 
supply of commercially important species, including adult, juvenile 
and spawning stages. Economic value (landings value [£]) was as-
sumed to be supported equally by all habitats used by each species 
throughout its life cycle. This is a standard approach in economic 
and ecological valuation studies for which ecological evidence on 
the availability and suitability of habitats is insufficient (Jackson 
et al., 2015; Seitz et al., 2014). We also did not wish to highlight the 
economic value of fishing grounds (adult life history stages) over 
other areas important for the availability of species to the com-
mercial market, as has been demonstrated previously (Calderwood 
et al., 2020; Kafas et al., 2017). The economic importance of habitats 
has been identified as a data- deficient area for the Government of 
Jersey Marine Resources team (Pers. comm. Government of Jersey 
Marine Resources) and management decisions for MPAs are cur-
rently focussed on protecting areas of high biodiversity or sensitive 
habitat but do not take habitat requirements of fishery species into 
account. An understanding of which habitats in Jersey contributed 
to the final economic value of a fishery, and whether these habi-
tats are currently covered by spatial management measures that ex-
clude bottom- towed fishing, can be used to better inform decisions 
in Marine Spatial Planning (MSP). We, therefore, hypothesised that, 
within the defined fishing area of Jersey's territorial waters, multi-
ple habitats contributed to the final value of exploited species and 
the value safeguarded for each fishery species by the MPAs differed 
among habitats.
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2  |  MATERIAL S AND METHODS

2.1  |  Study area

Jersey is a self- governing dependency of the United Kingdom situ-
ated in the Normano- Breton Gulf off the west coast of Normandy. 
The marine territorial area (~2500 km2) has a maximum depth of 
50 m, with rocky reef, boulders, cobbles, gravel, sand and bio-
genic habitats, such as maerl and seagrass. The large tidal range 
Jersey (12.2 m) also creates a vast intertidal area. As an island 
community, Jersey depends on its marine estate, which supports 
tourism, recreational and commercial exploits, especially fisher-
ies. Commercial catch comprises a mixture of shellfish and finfish, 
with 94% of commercial landings attributed to five shellfish spe-
cies: lobster (Homarus gammarus); brown crab (Cancer pagurus); spi-
der crab (Maja brachydactyla); scallop (Pecten maximus); and whelk 
(Buccinum undatum). Most commercial fishing by Jersey vessels 
for these five shellfish species (>90%) takes place within Jersey's 
territorial waters from a combination of static and bottom- towed 
fishing vessels, and SCUBA diving vessels. Landings Per Unit Effort 
(LPUE) declined locally for lobster since 2015 and brown crab since 
2012, but increased for spider crab since 2013. LPUE declined 
slightly for whelk since 2016. Scallop LPUE declined for dredge 
fisheries since 2013 but increased for dive fisheries since 2015 
(Marine Resources, 2019). With fisheries largely dependent on 
benthic species, management of benthic habitats is key to ensuring 
the sustainability of these stocks. While adult and larval stages of 
commercial species move across the boundary of Jersey's territo-
rial waters, detailed spatial coverage of habitats outside of this area 
is currently unknown.

Jersey fishing vessels operate from a number of harbours and 
marinas across the island, with most landing their catch at St. Helier, 
although vessels are also permitted to land their catch in France. 
Historical fishing agreements between France and Jersey have 
resulted in shared fishing grounds defined in the Bay of Granville 
Treaty (Chambers et al., 2020), which grants access to both Jersey 
and French vessels in possession of a fishing permit (Figure 1). To 
protect areas of fragile habitat and high biodiversity within Jersey's 
territorial waters that are shared with France, two offshore MPAs 
were designated in 2017 (Chambers et al., 2020) to exclude the use 
of bottom- towed fishing gears (Figure 1), while static fishing is per-
mitted. This, in addition to multiple coastal MPAs already in place 
within Jersey's exclusive fishing zone, resulted in 6.5% of Jersey's 
territorial waters protected from bottom- towed fishing. Currently, 
these are the only management measures specific to protecting 
benthic habitats within the Normano- Breton Gulf. Most of Jersey's 
fishing fleet comprises vessels under 12 metres and are, therefore, 
not required to have Vessel Monitoring Systems (VMS) that track 
their fishing positions. Instead, fishers are required to submit log-
books to report their catch and zones fished. Landing data are not 
attributable to MPAs because fishers are not required to report 
if they fished in the MPA and reporting zones are larger than the 
MPAs.

2.2  |  Analytical approach

A novel social- ecological mixed methods approach was used to de-
termine how marine habitats in Jersey contributed to value of com-
mercial fisheries and the extent to which life history stages of key 
commercial species were protected by Marine Protected Areas. 
Previous studies focussed on the socio- economic impact of MPAs 
within a fisheries management context have assessed changes to 
fisher well- being (Rees et al., 2013), landings and spatial fishing 
effort (Moore et al., 2016; Rees et al., 2021b), and ecosystem ser-
vice value (Hussain et al., 2010), or on singular habitats (Unsworth 
et al., 2010). The present study combines landings data, primary 
sales information, spatial habitat and MPA data and life history in-
formation to value multiple habitat types to assess the role of essen-
tial habitats, across a whole ecosystem, underpinning the economic 
value of fisheries.

2.3  |  Commercial landings value

Commercial fishers in Jersey are required to submit logbooks, which 
state their catch in kilograms for every fishing trip. Data for trips 
between 2015 and 2018 were obtained from the Government of 
Jersey Marine Resources to calculate mean yearly landings for all 
commercial species and identify key fisheries. While commercial 

F I G U R E  1  Location of Jersey within the Normano- Breton Gulf. 
Green filled polygons are areas which are protected from bottom- 
towed fishing gear. The light green shaded area shows the extent 
of the Bay of Granville, which is an area of shared access rights for 
both Jersey and French vessels. The dashed green line shows the 
international boundary between Jersey and France, everything 
within this boundary is Jersey's territorial waters
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fishing activity can and does take place in shared waters, most land-
ings into Jersey ports (~94%) are caught within the island's territorial 
waters (Pers. comm. Marine and Coastal Manager, Government of 
Jersey Marine Resources).

Data on primary fish sales in Jersey were based on quarterly 
buying prices (wet weight) from a local vendor (The Fresh Fish Co) 
between 2015 and 2018. Landing value (first- sale wet weight) in 
Jersey was calculated by multiplying the quarterly landing weight 
by the quarterly primary sale value. Quarterly values were summed 
for each year and then averaged across the 4 years to give a mean 
landings value (£) per year for each fishery.

French vessels target the same species in Jersey's territorial 
waters as Jersey vessels, so French landings were also quantified. 
Landings data between 2015 and 2018 for French vessels were sup-
plied by the Government of Jersey Marine Resources in tonnes per 
year and value per year (€) based on information shared by a French 
research institution, IFREMER (The Institut Français de recherche 
pour l'exploitation de la mer). These data were filtered for the same 
key fisheries as Jersey and converted to kilograms. Values were con-
verted (€ to £) using exchange rates from stati sta.com on 4 February 
2021. From this, mean yearly landings values (£) were calculated. No 
other nationalities operate in Jersey's waters and landings calculated 
from Jersey and French vessels represent all landings from this area.

2.4  |  Habitats and essential life history stages for 
commercial species value

Spatial habitat information was obtained from the Government of 
Jersey Marine Resources. This habitat information is a combina-
tion of modelled and surveyed data that represents best available 
evidence of the location of benthic habitats in Jersey's territorial 
waters (Pers. comm. Marine and Coastal Manager, Government 
of Jersey Marine Resources). Habitats were defined using the 
European Nature Information System (EUNIS) habitat classification 
system. The EUNIS classification system is a publicly accessible da-
tabase that provides reference information for European habitats 
and is widely compatible with peer- reviewed literature, legislation 
and marine spatial planning across Europe (Davies et al., 2004). To 
establish how different shellfish species used habitats throughout 
their life history, a species- habitat matrix was created from literature 

compiled primarily through Google Scholar, using search terms that 
included each species name and known habitat types. Literature 
was searched using specific EUNIS habitat nomenclature and also 
broad habitat groups to account for lack of detail about species 
habitat use in the literature (Seitz et al., 2014). When information 
could not be found for certain life stages of a species, literature from 
laboratory studies or closely related species was used (e.g. Kamenos 
et al., 2004).

EUNIS habitat data for Jersey's territorial waters were grouped 
into categories (Table 1) to account for lack of available information 
on species habitat use in the literature (Seitz et al., 2014). Jersey's 
large intertidal area provides essential habitat for juvenile brown 
crab and lobster, and all habitats above the low- water mark were 
grouped into an intertidal habitat category. All rock and boulder cat-
egories below the low- water mark were grouped into subtidal hard 
substrate, and sedimentary habitats below the low- water mark were 
categorised into subtidal sediment. Seagrass and maerl were sepa-
rated from subtidal sediment because they provide added structural 
complexity for distinct species assemblages (Howarth et al., 2011; 
Jackson et al., 2015).

2.5  |  Apportioning commercial fisheries values to 
essential life history

To estimate the annual value to commercial fisheries linked to 
Jersey's habitats, and the proportion of value protected from physi-
cal impacts from bottom- towed fishing gear, fishery species landing 
values were apportioned to habitats used by each life stage. This 
was achieved for all landings, regardless of catch method. Habitat 
information was available for a 250- m resolution, which provided 
areas of habitat across Jersey's territorial waters and within MPAs 
(Figure 2). For each commercial species, landings value was spread 
equally across multiple habitats used by each life stage. Values were 
divided equally among habitats used by a species that were assumed 
to contribute to their ability to reach the adult stage and therefore 
their economic value. This was calculated separately for Jersey and 
French landing values. The value of benthic habitat safeguarded 
through the exclusion of bottom- towed fishing gear was calculated 
by multiplying the proportion of each habitat within MPAs by the 
total value of the habitat.

TA B L E  1  Habitat table detailing the EUNIS code habitats in Jersey waters that have been grouped together and a description of their 
defining features

Habitat type EUNIS codes Description

Intertidal sand and rock A1, A2 All hard and soft substrates in the intertidal zone

Subtidal hard substrate A3.12, A3.214, A4.13 Bedrock and boulders below the low- water mark

Subtidal sediment A5.133, A5.135, A5.137, A5.141, A5.142, A5.145, 
A5.231, A5.431, A5.451

Coarse and mixed sediments below the low- water mark

Maerl beds A5.51 Coralline red algae

Seagrass meadows A5.53 Zostera marina and Zostera noltei

http://statista.com
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3  |  RESULTS

3.1  |  Identifying commercially important species to 
Jersey fisheries

Most of the Jersey fisheries harvest depended on shellfish (Figure 3), 
with ~1.5 million kg (94%) of landings per year attributed to five 
shellfish species: Lobster, Homarus gammarus; Brown crab, Cancer 
pagurus; Spider crab, Maja squinado; Scallop, Pecten maximus; and 
Whelk, Buccinum undatum. All other species (n = 46) accounted for 

only ~140,000 kg (6%) of landings, much of which was incidental 
catch, such as catsharks (Scyliorhinus spp.), a bycatch of netting and 
potting fisheries. Individually, these species did not influence overall 
fisheries value and were excluded from further analysis.

3.2  |  Commercial landings value

The combined value of shellfish landings from Jersey and French 
vessels operating in Jersey's territorial waters had an average 

F I G U R E  2  Spatial distribution of five 
habitat types in Jersey's territorial waters. 
Jersey is shown as a filled grey polygon, 
and MPAs are outlined by transparent 
polygons

F I G U R E  3  Commercial landings (kg) in 
Jersey from Jersey vessels between 2015 
and 2018 showing the top 15 species that 
contribute to 99% of landings by weight. 
The remaining 1% of commercial landings 
consists of 36 species. Outliers are shown 
by filled circles
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annual value of £14,664,729 ± £969,105 per year in primary sales 
(wet weight), with £7,521,275 ± £1,366,282 attributed to landings 
from Jersey vessels. Jersey obtained most of its value from lobster 
(£4.1 million per year), whereas France obtained most of its value 
from scallop (£1.9 million per year), spider crab (£2 million per year) 
and whelk (£2.4 million per year) (Figure 4). Scallop and whelk con-
tributed less to Jersey fisheries than France fisheries (Figure 4). 
Brown crab and lobster contributed relatively low values to overall 
France fishery (Figure 3). Jersey scallop landings were higher from 
dredging than diving (Figure 3).

3.3  |  Habitat value and value protected

Habitat use varied among species, and all habitat types were used by 
multiple species (Table 2). Maerl was a foraging habitat for all spe-
cies, except lobster, and was also a nursery and spawning habitat for 
scallop. Scallops used maerl and subtidal sediment at all three life 
stages. Seagrass was used as a foraging habitat by all three species, 
but was not known to be used by the two mollusc species. Intertidal 
sand and rock was a nursery habitat for brown crab and lobster. 
Subtidal hard substrate was a foraging and nursery ground for all 
three crustacean species, and a spawning ground for whelk. Subtidal 
sediment was a foraging ground for all species, but only a nursery 
ground for lobster and whelk and a spawning ground for brown crab. 
Of the five species, crustaceans used more habitat types than mol-
luscs (Table 2). Brown crab was particularly ubiquitous in habitat 
use, while scallops only used two habitat types. All species use more 
habitat types for foraging than for nursery or spawning.

Value differed among habitats, between nations and among spe-
cies (Figure 5). Subtidal sediment had the highest economic value 
to both nations because it was the only habitat used by all species 

(Figure 5). The second most valuable habitat for Jersey's commer-
cial fisheries was subtidal hard substrate, whereas for France it was 
maerl. Maerl beds were of greater value to French fisheries than 
Jersey fisheries because scallop and whelk were exploited more by 
vessels from France (Figure 5). Seagrass and intertidal habitats were 
of greater value to Jersey than France because lobster was associ-
ated with these habitats at adulthood (Figure 5, Table 3).

Several habitats of high value to both Jersey and French fisheries 
were largely unprotected by MPAs (Figure 6), with a total economic 
value of £4,127,999 protected annually between the two nations 
(Table 3). Cumulatively, subtidal sediment was the most valuable 
habitat to both nations (£2.12 million to Jersey and £2.47 million to 
France annually), but was also the least protected habitat (Figure 6), 
with just 2.73% within MPAs (Table 3). The value of protected maerl 
(14.78%) and subtidal hard substrate (8.91%) was similarly low. 
Consequently, because scallop and whelk used habitats with greater 
coverage outside of MPAs, habitats supporting French fisheries were 
less protected than Jersey fisheries. A substantial economic value of 
seagrass (97.04%) and intertidal rock (88.49%) was protected within 
MPAs, although these two habitats contributed less to the economic 
value of fisheries from both nations (Figure 6, Table 3).

Most subtidal hard substrate and subtidal sediment were not 
protected within MPAs, although these two habitats had a greater 
total area within Jersey's territorial waters (Table 3). The value of 
each fishery species protected within MPAs from bottom- towed 
fishing gear differed depending on the area of their associated hab-
itats within MPAs (Table 3). The value of lobster fisheries was most 
protected within MPAs (49.29%), followed by brown crab fisheries 
(42.38%), due to the association of these two species with seagrass 
and intertidal habitat that was mostly within MPAs. Scallop (8.75%) 
and whelk (8.8%) fisheries were protected similarly low (Table 3) 
because of their association with fewer habitats, most of which fell 
outside MPA boundaries (Table. 2, Figure 5).

4  |  DISCUSSION

Our objective was to determine whether coastal habitats supporting 
the economic value of key fisheries in Jersey and France were appro-
priately protected within MPAs. Previous efforts to value the marine 
environment have focussed on single habitats (Jackson et al., 2015) 
or fishing grounds (Bastardie et al., 2010), and studies of multiple 
habitats have not done so in monetary terms (Kritzer et al., 2016; 
Seitz et al., 2014). Here, we used a method in which life history in-
formation was used to better understand how the economic value of 
fisheries was related to broad habitats by analysing the market value 
of species according to habitats necessary to reach commercial size 
(adult). Species studied herein used multiple habitats, as in other 
studies (Kritzer et al., 2016; Seitz et al., 2014), thereby highlight-
ing the need for an ecosystem- based approach to estimate overall 
value of fishery resources. As markets change, landing values will 
also change to reflect demand. Therefore, habitat value is not fixed 
so our results only provide a snapshot of the current habitat value.

F I G U R E  4  Mean landings (£) per year (2015– 2018) for each five 
predominant fishery species (brown crab, lobster, scallop, spider 
crab and whelk) and nation (light grey: France, dark grey: Jersey) 
from jerseys territorial waters. Scallop landings in Jersey have been 
split into dived and dredged
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Habitat value varied among species and between France and 
Jersey fisheries, although subtidal sediments were the most valu-
able to both nations. Soft sediments have previously been identified 
to support the greatest range of species because more species were 
able to utilise it (Kritzer et al., 2016). Similarly, we found that subtidal 
sediments, the most prevalent habitat, supported all five of the most 
predominant commercial species and were, therefore, also worth 
the greatest value to fisheries as a whole. Importantly, subtidal hab-
itat supported all five commercial species through adulthood but 
only a fraction of the area of subtidal sediment (and therefore value) 
was currently protected from destructive fishing practices, primarily 
scallop dredging. With no clearly defined thresholds for what may 
be considered “acceptable” impact on sediment habitats (Hooper 
et al., 2017), benefits of multiple sectors of an industry must be bal-
anced to ensure activities of one sector do not risk sustainability of 
another.

Species move among habitats during their life cycle (Seitz 
et al., 2014) and, therefore, their economic value depends on mul-
tiple habitats. Protection from activities that cause impact to struc-
ture and function of habitats that are essential in supporting the 
life stages of commercial species is fundamental to maintaining the 

economic value of fisheries. This raises several points for discussion 
with regard to a more integrated approach to fisheries management, 
whereby multiple habitats are protected from impacts of bottom- 
towed fishing to maintain habitat connectivity for all life stages. 
While every habitat type in Jersey was represented within MPAs, 
the degree to which each habitat type was protected varied: for ex-
ample, 97% of seagrass but only 3% of subtidal sediment was pro-
tected. Specific habitats may be limiting for species that are not able 
to substitute one habitat for another in certain life stages (Wahle & 
Steneck, 1991). If, for example, seagrass habitat was lost, some spe-
cies may not be able to use adjacent habitats as substitutes, as in in-
tertidal boulder fields (Chapman, 2012). In contrast, survival may be 
lower if substituted habitats are of lower quality than original habitat 
(Godet et al., 2018). We found that seagrass had a combined value of 
£2 million annually to both Jersey and French fisheries so loss of sea-
grass habitat could result in substantial economic costs to fisheries if 
species are not able to survive on nearby habitat. Additionally, asso-
ciated changes to the food web through loss of habitat could nega-
tively affect many species or communities (Komyakova et al., 2019).

Nursery habitats support high densities of juveniles (Beck 
et al., 2001) that may be a demographic bottleneck for many species 

TA B L E  2  Literature summary of the top five predominant commercial shellfish species (lobster, brown crab, spider crab, scallop and 
whelk) habitat use as spawning areas (S), nursery areas (N) and feeding areas (F). Full references are listed in supplementary material 
(Table S1)

Species
Intertidal sand and 
rock

Subtidal hard 
substrate

Subtidal 
sediment Maerl Seagrass

Lobster (Homarus gammarus) N N,F N,F F

Brown crab (Cancer pagurus) N N,F F,S F F

Spider crab (Maja brachydactyla) N,F F F F

Scallop (Pecten maximus) S,N,F S,N,F

Whelk (Buccinum undatum) S N,F F

F I G U R E  5  Contribution of each of 
the five predominant fishery species 
(lobster, brown crab, spider crab, scallop 
and whelk) to the value (£) of each habitat 
type for each nation (Jersey and France)
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(Nagelkerken et al., 2015). Soft sediments are important nursery 
habitats, especially in the Mid- Atlantic and North Atlantic (Kritzer 
et al., 2016), for commercially important species (Seitz et al., 2014). 
Subtidal sediment was the only habitat used by all five species stud-
ied here and was also a habitat primarily targeted by bottom- towed 
fishing gear due to France's resource demand for scallop (P. maxi-
mus). This habitat was of more value to lobster fisheries than scallop 
fisheries, and dredging for scallops may negatively affect the lobster 
fishery by reducing nursery habitat quality (Thrush & Dayton, 2002) 
and thereby reducing value of the fishery. Subtidal sediment makes 
up the vast majority of Jersey's subtidal area, so future discussion 
is needed to further spatial management of the scallop fleet, guid-
ance for which may be sought through the development of indica-
tors of Good Environmental Status for seabed integrity within the 
European Union's MSFD (European Parliament and Council, 2008). 

To achieve an ecosystem- based approach to fisheries management 
in Jersey, commercial needs of the scallop fleet must be balanced 
with long- term sustainability of the lobster fishery, which may re-
quire that some areas of subtidal sediment are protected to maintain 
integrity of the seabed and improve connectivity between life stages 
of lobster. With no thresholds for the minimum area of a habitat that 
is needed for essential life history of commercial species, a precau-
tionary approach is advised to sustain the value of this high- value 
habitat for both nations.

Economic values apportioned to habitats differed between na-
tions, because French fishers exploited the same species differently 
than Jersey fishers, and therefore the value protected within MPAs 
differed between nations. For example, maerl was of greater value 
to French fisheries due to higher levels of exploitation of scallops. 
Notably, maerl was also one of the least protected habitats via MPAs 
that exclude bottom trawling. Scallops prefer structurally complex 
habitats (Howarth et al., 2011; Kamenos et al., 2004), and large areas 
of maerl provide this structural complexity that favours scallop spat 
settlement (Hall- Spencer et al., 2010). Maerl habitats were largely 
unprotected from bottom- towed fishing gear but were also eco-
nomically valuable to multiple fisheries. The use of MPAs to restrict 
bottom- towed fishing gear could improve the sustainability of scal-
lop fisheries by protecting the integrity of maerl habitat. Scallops 
are broadcast spawners whose fertilisation success is increased at 
higher population density (Vause et al., 2007), and protecting areas 
of seabed that support dense aggregations of scallops will result in in-
creased spawning and improved recruitment to areas within and be-
yond protected areas (Beukers- Stewart & Beukers- Stewart, 2009).

Species living in areas affected by bottom- towed fishing ex-
hibit increased scavenging behaviour (Shephard et al., 2014), and 
the population of necrophagus whelks may benefit from the avail-
ability of dredge- damaged prey. In terms of landings weight, whelk 
is the largest fishery in Jersey, but due to its low market value 

TA B L E  3  Total area of habitat types within Jersey's territorial waters, the area (km2) contained within MPAs, the total annual value (£) and 
value protected (both £ and %) within MPAs for Jersey and French fisheries

Habitat type
Total area 
(km2)

Area inside 
MPA (km2)

Jersey total 
value (£)

French total 
value (£)

Jersey value 
(£) protected

French value 
(£) protected

Value (%) 
protected

Intertidal sand and rock 29.10 25.75 1,222,024 188,721 1,082,739 167,211 88.49

Maerl 56.70 8.38 1,101,490 2,291,821 162,734 338,593 14.78

Seagrass 4.06 3.94 1,324,117 701,075 1,283,375 679,504 97.04

Subtidal hard substrate 806.00 71.81 1,750,998 1,494,921 155,961 133,152 8.91

Subtidal sediment 1440.00 39.25 2,122,646 2,466,915 57,687 67,043 2.73

Habitat total 7,521,275 7,143,454 2,742,496 1,385,503 – 

Species

Brown crab – – 1,004,335 68,138 425,685 28,880 42.38

Lobster – – 4,084,626 700,375 2,013,209 345,197 49.29

Scallop – – 743,297 1,943,987 65,007 170,018 8.75

Spider crab – – 408,376 2,049,415 125,904 631,843 30.83

Whelk – – 1,280,641 2,381,539 112,691 209,565 8.80

Species total – – 7,521,275 7,143,454 2,742,496 1,385,503 – 

F I G U R E  6  Mean annual value (£) per habitat type for each 
nation (Jersey and France). Hatched areas show the value protected 
within the MPAs, and non- hatched areas show the value in areas 
open to bottom- towed fishing (open)
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this species is currently not as valuable (£1.3 million per year) as 
lobster (£4 million per year). Whelk has been fished in Jersey's wa-
ters by both French and Jersey vessels for decades, but expanded 
since 2018 (Marine Resources, 2019) in response to increased 
market demand through exports. This highlights the importance of 
considering the economic value of species in the socio- economic 
management of marine resources in a discussion on whether an 
emergent fishery is benefitting from a degraded ecosystem, as has 
been seen in the Firth of Clyde where overexploitation of ben-
thic fish through bottom trawling resulted in a collapse of fisheries 
until only the Norway lobster (Nephrops norvegicus) and scallop 
(Pecten maximus) fisheries remained (Thurstan & Roberts, 2010).

Effectiveness of governance and enforcement will affect the 
success of an MPA (Bennett & Dearden, 2014). Differing fishery 
regulations, such as quotas and closed seasons, complicate manage-
ment of shared resources, whereas clear simple measures that cover 
a seascape, such as a MPA, allow for more efficient and accurate 
enforcement (Chambers et al., 2020). As all of the key commercial 
species in Jersey are benthic, they are strongly associated with sea-
bed habitats and, therefore, there is much to be gained from spatial 
management that protects this seabed. While reliance on certain 
species differs between Jersey and France due to differing markets, 
both nationalities depend on species that are using multiple habi-
tats and, therefore, both nationalities will benefit from having areas 
of mixed habitats protected from bottom- towed fishing gear. This 
potential fishery benefit has been shown in Lyme Bay, where com-
mercially exploited species increased in abundance following the 
removal of bottom- towed fishing pressure from a mosaic of habitats 
(Davies et al., 2021). When economic values and livelihoods become 
part of the discussion with regard to MPAs, motivations for protect-
ing benthic habitats become more tangible as a fisheries benefit. 
MPAs will consequently gain commercial support from those most 
likely to benefit from management that ensures sustainability (Rees 
et al., 2021a,b).

Our research considered habitat use across a species' life his-
tory but not the relative importance of one habitat over another 
or temporal variability of habitat use. Species we studied were a 
subset of those found in Jersey's waters and were chosen based 
on their direct importance and value to commercial fisheries. 
Inclusion of other species may change the value of habitats but 
would not diminish the key finding that multiple habitats con-
tribute to fisheries value. Jersey's marine estate will also support 
other industries that depend on a healthy functioning ecosystem, 
such as recreational fishing, diving and tourism. For example, sea-
grass had a higher direct value to recreational fishing than com-
mercial fishing in the Mediterranean (Jackson et al., 2015). The 
vast intertidal area in Jersey supports several aquaculture conces-
sions, further adding to economic value of this habitat. Other, less 
tangible, ecosystem services and benefits derive from marine eco-
systems, such as regulation of climate and water quality, educa-
tional and cultural values, all of which feed into human well- being 
(Costanza et al., 2014; Millennium Ecosystem Assessment, 2005). 

The value of these ecosystem services needs to be considered, in 
addition to the value that habitats provide to fisheries, especially 
if considering the case of allowing bottom- towed fishing, which is 
known to alter the functional diversity and ecological processes 
of benthic communities (Tillin et al., 2006). Information relating to 
the condition of habitats and timescales for recovery is sparse due 
to the widespread use of bottom- towed fishing that results in a 
lack of unimpacted areas to use as a baseline (Jackson et al., 2011). 
Long- term MPAs provide an estimate of recovery time, but few 
prohibit bottom- towed fishing throughout their boundary (Davies 
et al., 2021). Further, accurate spatial information on fishing effort 
is lacking to develop proxy (pressure based) indicators of habitat 
condition (Rees et al., 2022). This information, in addition to an 
improved understanding of species- habitat associations, is a key 
next step to better inform MPA management to support fishery 
species.

5  |  CONCLUSION

Marine ecosystems are a source of income for coastal communi-
ties, and the value of a fishery is not simply attributed to fishing 
grounds but is dispersed across a mosaic of habitats. Our study 
demonstrated the value of coastal habitats in Jersey to commer-
cial fisheries and the importance of protecting multiple habitats 
to improve life stage connectivity and support fishery yield. The 
ability of a species to switch to a different habitat, if their primary 
habitat is degraded or lost, is not well understood, and indirect use 
of habitats needs to be considered to fully understand interactions 
between habitats and species survival, such as habitats that sup-
port prey of target species, which may not be used by the target 
species itself. Further research on habitat associations, in addition 
to incorporating habitat condition into assessments, is needed to 
advance this field of research. Fisheries and conservation can be 
integrated into an ecosystem- based approach to management that 
focusses on broader marine seascapes, not just single habitats, to 
maximise habitat connectivity. These results should be applied to 
conservation and management to support long- term commercial 
interests and sustainability of a broad range of ecosystem services, 
which underpin human well- being. Where shared waters are con-
cerned, management decisions that benefit multiple nations can be 
difficult, especially when demands for fishery species differ. MPAs 
will protect habitats that contribute to fisheries value of multiple 
nations and by understanding how habitats contribute to individual 
fisheries MPA spatial coverage can be tailored to maximise eco-
nomic value.

ACKNOWLEDG MENTS
The authors would like to thank the Blue Marine Foundation, The 
Howard Davis Farm Trust and the Ecology Trust for funding this re-
search and Paul Chambers from the Government of Jersey Marine 
Resources team for providing the datasets.



10  |    BLAMPIED Et AL.

CONFLIC T OF INTERE S T
The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available on re-
quest from the corresponding author. The data are not publicly avail-
able due to privacy or ethical restrictions.

ORCID
Samantha R. Blampied  https://orcid.org/0000-0002-5683-7905 

R E FE R E N C E S
Bastardie, F., Nielsen, J.R., Ulrich, C., Egekvist, J. & Degel, H. (2010) 

Detailed mapping of fishing effort and landings by coupling 
fishing logbooks with satellite- recorded vessel geo- location. 
Fisheries Research, 106(1), 41– 53. https://doi.org/10.1016/j.fishr 
es.2010.06.016

Beck, M.W., Heck, K.L., Able, K.W., Childers, D.L., Eggleston, D.B., 
Gillanders, B.M. et al. (2001) The identification, conservation, and 
management of estuarine and marine nurseries for fish and inverte-
brates. Bioscience, 51(8), 633– 641. https://doi.org/10.1641/0006- 
3568(2001)051[0633:ticam o]2.0.co;2

Bennett, N.J. & Dearden, P. (2014) From measuring outcomes to pro-
viding inputs: governance, management, and local development for 
more effective marine protected areas. Marine Policy, 50, 96– 110. 
https://doi.org/10.1016/j.marpol.2014.05.005

Beukers- Stewart, B.D. & Beukers- Stewart, J. (2009) Principles for the 
management of inshore scallop fisheries around the United Kingdom. 
Marine Ecosystem Management Report no. 1. Report to Natural 
England, Scottish Natural Heritage and Countryside Council for 
Wales. University of York.

Brown, C.J., Broadley, A., Adame, M.F., Branch, T.A., Turschwell, M.P. & 
Connolly, R.M. (2019) The assessment of fishery status depends 
on fish habitats. Wiley, Fish and Fisheries, 20, 1– 14. https://doi.
org/10.1111/faf.12318

Calderwood, J., Plet- Hansen, K.S., Ulrich, C. & Reid, D.G. (2020) 
Fishing for euros: how mapping applications can assist in main-
taining revenues under the landing obligation. ICES Journal of 
Marine Science, 77(7), 2567– 2581. https://doi.org/10.1093/icesj 
ms/fsaa116

Chambers, P., Morel, G., Binney, F., Jeffreys, G. & Blampied, S. (2020) 
Chapter 21 -  crossing jurisdictions: the implementation of offshore 
marine protected areas in an international fishery. Marine pro-
tected areas. In: Humphreys, J. & Clark, R. (Eds.) Marine protected 
areas: science, policy and management, pp. 411– 436. Amsterdam, 
Netherlands: Elsevier.

Chapman, M.G. (2012) Restoring intertidal Boulder- fields as habitat for 
“specialist” and “generalist” animals. Restoration Ecology, 20(2), 
277– 285. https://doi.org/10.1111/j.1526- 100X.2011.00789.x

Costanza, R., de Groot, R., Sutton, P., van der Ploeg, S., Anderson, S.J., 
Kubiszewski, I. et al. (2014) Changes in the global value of ecosys-
tem services. Global Environmental Change, 26(1), 152– 158. https://
doi.org/10.1016/j.gloen vcha.2014.04.002

Davies, B.F.R., Holmes, L., Rees, A., Attrill, M.J., Cartwright, A. & Sheehan, 
E.V. (2021) Ecosystem approach to fisheries management works— 
how switching from mobile to static fishing gear improves popula-
tions of fished and non- fished species inside a marine- protected 
area. Journal of Applied Ecology, 58(11), 2463– 2478.

Davies, C., Moss, D., & Hill, M. (2004). EUNIS Habitat Classification Revised 
2004 (Issue October). Report to: European Environment Agency and 

European Topic Centre on Nature Protection and Biodiversity. 
Denmark: EEA Glossary Copenhagen.

Day, J., Dudley, N., Hockings, M., Holmes, G., Laffoley, D., Stolton, S. 
et al. (2012) Guidelines for applying the IUCN protected area manage-
ment categories to marine protected areas. Gland, Switzerland: UCN.

Elliott, S.A.M., Sabatino, A.D., Heath, M.R., Turrell, W.R. & Bailey, D.M. 
(2017) Landscape effects on demersal fish revealed by field ob-
servations and predictive seabed modelling. PLoS One, 12(12), 13. 
https://doi.org/10.1371/journ al.pone.0189011

European Parliament and Council. (2008). Directive 2008/56/EC of the 
European Parliament and of the Council of 17 June 2008 establishing 
a framework for community action in the field of marine environmental 
policy (Marine Strategy Framework Directive). Official Journal of the 
European Union.

Godet, L., Harmange, C., Marquet, M., Joyeux, E. & Fournier, J. (2018) 
Differences in home- range sizes of a bird species in its original, 
refuge and substitution habitats: challenges to conservation in an-
thropogenic habitats. Biodiversity and Conservation, 27(3), 719– 732. 
https://doi.org/10.1007/s1053 1- 017- 1460- 3

Hall- Spencer, J.M., Kelly, J. & Maggs, C.A. (2010) OSPAR commission 
background document for Maërl beds. London: OSPAR Commission.

Halpern, B.S., Selkoe, K.A., Micheli, F. & Kappel, C.V. (2007) Evaluating 
and ranking the vulnerability of global marine ecosystems to an-
thropogenic threats. Conservation Biology, 21(5), 1301– 1315. 
https://doi.org/10.1111/j.1523- 1739.2007.00752.x

Hooper, T., Beaumont, N., Griffiths, C., Langmead, O. & Somerfield, 
P.J. (2017) Assessing the sensitivity of ecosystem services to 
changing pressures. Ecosystem Services, 24, 160– 169. https://doi.
org/10.1016/j.ecoser.2017.02.016

Howarth, L.M., Wood, H.L., Turner, A.P. & Beukers- Stewart, B.D. (2011) 
Complex habitat boosts scallop recruitment in a fully protected 
marine reserve. Marine Biology, 158(8), 1767– 1780. https://doi.
org/10.1007/s0022 7- 011- 1690- y

Hussain, S.S., Winrow- Giffin, A., Moran, D., Robinson, L.A., Fofana, A., 
Paramor, O.A.L. et al. (2010) An ex ante ecological economic as-
sessment of the benefits arising from marine protected areas desig-
nation in the UK. Ecological Economics, 69(4), 828– 838. https://doi.
org/10.1016/j.ecole con.2009.10.007

Jackson, E., Rees, S.E., Wilding, C. & Attrill, M.J. (2015) Use of a seagrass 
residency index to apportion commercial fishery landing values 
and recreation fisheries expenditure to seagrass habitat service. 
Conservation Biology, 29(3), 899– 909. https://doi.org/10.1111/
cobi.12436

Jackson, J.B.C., Alexander, K.E. & Sala, E. (2011) Shifting base-
lines: the past and future of ocean fisheries. Washington, DC: Island 
Press.

Kafas, A., McLay, A., Chimienti, M., Scott, B.E., Davies, I. & Gubbins, M. 
(2017) ScotMap: participatory mapping of inshore fishing activity 
to inform marine spatial planning in Scotland. Marine Policy, 79, 8– 
18. https://doi.org/10.1016/j.marpol.2017.01.009

Kamenos, N.A., Moore, P.G. & Hall- Spencer, J.M. (2004) Maerl grounds 
provide both refuge and high growth potential for juvenile queen 
scallops (Aequipecten opercularis L.). Journal of Experimental Marine 
Biology and Ecology, 313(2), 241– 254. https://doi.org/10.1016/j.
jembe.2004.08.007

Klein, C.J., Brown, C.J., Halpern, B.S., Segan, D.B., Mcgowan, J., Beger, 
M. et al. (2015) Shortfalls in the global protected area network 
at representing marine biodiversity. Scientific Reports, 5, 17539. 
https://doi.org/10.1038/srep1 7539

Komyakova, V., Chamberlain, D., Jones, G.P. & Swearer, S.E. (2019) 
Assessing the performance of artificial reefs as substitute habitat 
for temperate reef fishes: implications for reef design and place-
ment. Science of the Total Environment, 668, 139– 152. https://doi.
org/10.1016/j.scito tenv.2019.02.357

Kritzer, J.P., Delucia, M.B., Greene, E., Shumway, C., Topolski, M.F., 
Thomas- Blate, J. et al. (2016) The importance of benthic 

https://orcid.org/0000-0002-5683-7905
https://orcid.org/0000-0002-5683-7905
https://doi.org/10.1016/j.fishres.2010.06.016
https://doi.org/10.1016/j.fishres.2010.06.016
https://doi.org/10.1641/0006-3568(2001)051%5B0633:ticamo%5D2.0.co;2
https://doi.org/10.1641/0006-3568(2001)051%5B0633:ticamo%5D2.0.co;2
https://doi.org/10.1016/j.marpol.2014.05.005
https://doi.org/10.1111/faf.12318
https://doi.org/10.1111/faf.12318
https://doi.org/10.1093/icesjms/fsaa116
https://doi.org/10.1093/icesjms/fsaa116
https://doi.org/10.1111/j.1526-100X.2011.00789.x
https://doi.org/10.1016/j.gloenvcha.2014.04.002
https://doi.org/10.1016/j.gloenvcha.2014.04.002
https://doi.org/10.1371/journal.pone.0189011
https://doi.org/10.1007/s10531-017-1460-3
https://doi.org/10.1111/j.1523-1739.2007.00752.x
https://doi.org/10.1016/j.ecoser.2017.02.016
https://doi.org/10.1016/j.ecoser.2017.02.016
https://doi.org/10.1007/s00227-011-1690-y
https://doi.org/10.1007/s00227-011-1690-y
https://doi.org/10.1016/j.ecolecon.2009.10.007
https://doi.org/10.1016/j.ecolecon.2009.10.007
https://doi.org/10.1111/cobi.12436
https://doi.org/10.1111/cobi.12436
https://doi.org/10.1016/j.marpol.2017.01.009
https://doi.org/10.1016/j.jembe.2004.08.007
https://doi.org/10.1016/j.jembe.2004.08.007
https://doi.org/10.1038/srep17539
https://doi.org/10.1016/j.scitotenv.2019.02.357
https://doi.org/10.1016/j.scitotenv.2019.02.357


    |  11BLAMPIED Et AL.

habitats for coastal fisheries. Bioscience, 66(4), 274– 284. https://
doi.org/10.1093/biosc i/biw014

Lotze, H.K., Bourque, B.J., Bradbury, R.H. & Cooke, R.G. (2006) 
Depletion, degradation, and recovery potential of estuaries and 
coastal seas. Science, 312, 1806– 1809. https://doi.org/10.1126/
scien ce.1128035

Marine Resources (2019). Government of Jersey marine resources annual 
report 2019. Channel Islands: Government of Jersey.

Marshall, K.N., Jensen, O.P., Koehn, L.E., Levin, P.S. & Essington, T.E. 
(2019) Inclusion of ecosystem information in US fish stock as-
sessments suggests progress toward ecosystem- based fisheries 
management. ICES Journal of Marine Science, 76(1), 1– 9. https://doi.
org/10.1093/icesj ms/fsy152

Millennium Ecosystem Assessment. (2005). Ecosystems and human well- 
being: synthesis. Washington, DC: Island Press.

Moore, F., Lamond, J. & Appleby, T. (2016) Assessing the significance 
of the economic impact of marine conservation zones in the Irish 
Sea upon the fisheries sector and regional economy in Northern 
Ireland. Marine Policy, 74, 136– 142. https://doi.org/10.1016/j.
marpol.2016.09.025

Nagelkerken, I., Sheaves, M., Baker, R. & Connolly, R.M. (2015) The sea-
scape nursery: a novel spatial approach to identify and manage 
nurseries for coastal marine fauna. Fish and Fisheries, 16(2), 362– 
371. https://doi.org/10.1111/faf.12057

Ovando, D., Dougherty, D. & Wilson, J.R. (2016) Market and design solu-
tions to the short- term economic impacts of marine reserves. Fish 
and Fisheries, 17, 939– 954. https://doi.org/10.1111/faf.12153

Rees, A., Sheehan, E.V. & Attrill, M.J. (2021a) Optimal fishing effort ben-
efits fisheries and conservation. Scientific Reports, 11(3784), 1– 15. 
https://doi.org/10.1038/s4159 8- 021- 82847 - 4

Rees, S.E., Ashley, M., Cameron, A., Mullier, T., Ingle, C., Oates, J. et al. 
(2022) A marine natural capital asset and risk register— towards 
securing the benefits from marine systems and linked ecosystem 
services. Journal of Applied Ecology, 59(4), 1098– 1109. https://doi.
org/10.1111/1365- 2664.14121

Rees, S.E., Ashley, M., Evans, L., Mangi, S., Sheehan, E.V., Mullier, T. et al. 
(2021b) An evaluation of the social and economic impact of a ma-
rine protected area on commercial fisheries. Fisheries Research, 235, 
105819. https://doi.org/10.1016/j.fishr es.2020.105819

Rees, S.E., Attrill, M.J., Austen, M.C., Mangi, S.C. & Rodwell, L.D. (2013) 
A thematic cost- benefit analysis of a marine protected area. 
Journal of Environmental Management, 114, 476– 485. https://doi.
org/10.1016/j.jenvm an.2012.10.048

Rees, S.E., Sheehan, E.V., Stewart, B.D., Clark, R., Appleby, T., Attrill, 
M.J. et al. (2020) Emerging themes to support ambitious UKmarine 
biodiversity conservation. Marine Policy, 117, 103864. https://doi.
org/10.1016/j.marpol.2020.103864

Rosenberg, A., Bigford, T.E., Leathery, S., Hill, R.L. & Bickers, K. (2000) 
Ecosystem approaches to fishery management through essential 
fish habitat. Bulletin of Marine Science, 66(3), 535– 542.

Rosenberg, A. & McLeod, K.L. (2005) Implementing ecosystem- based 
approaches to management for the conservation of ecosystem ser-
vices. Marine Ecology Progress Series, 300, 270– 274.

Seitz, R.D., Wennhage, H., Bergstrom, U., Lipcius, R.N. & Ysebaert, T. 
(2014) Ecological value of coastal habitats for commercially and 
ecologically important species. ICES Journal of Marine Science, 71(3), 
648– 665.

Shephard, S., Minto, C., Zolck, M., Jennings, S., Brophy, D. & Reid, D. 
(2014) Marine Science. Encyclopedia of Environment and Society, 71, 
398– 405. https://doi.org/10.4135/97814 12953 924.n678

Solandt, J.- L., Mullier, T., Elliott, S.A.M. & Sheehan, E.V. (2020) Managing 
marine protected areas in Europe: moving from “feature- based” 

to “whole- site” management of sites. In: Humphreys, J. & Clark, 
R.W.E. (Eds.) Marine protected areas: science, policy and management. 
Amsterdam, Netherlands: Elsevier, pp. 157– 181.

Staples, D. & Funge- Smith, S. (2009) Ecosystem approach to fisheries and 
aquaculture: Implementing the FAO Code of Conduct for Responsible 
Fisheries. RAP Publication 2009/11, Bangkok, Thailand, FAO 
Regional Office for Asia and the Pacific, p. 48.

Steneck, R.S. & Pauly, D. (2019) Fishing through the Anthropocene. 
Current Biology, 29(19), R987– R992. https://doi.org/10.1016/j.
cub.2019.07.081

Sumaila, R., Cheung, W., Dyck, A., Gueye, K., Huang, L., Lam, V. et al. (2012) 
Benefits of rebuilding global marine fisheries outweigh costs. PLoS 
One, 7(7), e40542. https://doi.org/10.1371/journ al.pone.0040542

Thrush, S.F. & Dayton, P.K. (2002) Disturbance to marine benthic habi-
tats by trawling and dredging: implications for marine biodiversity. 
Annual Review of Ecology and Systematics, 33, 449– 473. https://doi.
org/10.1146/annur ev.ecols ys.33.010802.150515

Thurstan, R.H. & Roberts, C.M. (2010) Ecological meltdown in the firth 
of Clyde, Scotland: two centuries of change in a coastal marine 
ecosystem. PLoS One, 5(7), e11767. https://doi.org/10.1371/journ 
al.pone.0011767

Tillin, H.M., Hiddink, J.G., Jennings, S. & Kaiser, M.J. (2006) Chronic bot-
tom trawling alters the functional composition of benthic inverte-
brate communities on a sea- basin scale. Marine Ecology Progress 
Series, 318, 31– 45. https://doi.org/10.3354/meps3 18031

Ulrich, C., Vermard, Y., Dolder, P.J., Brunel, T., Jardim, E., Holmes, S.J. 
et al. (2017) Achieving maximum sustainable yield in mixed fish-
eries: a management approach for the North Sea demersal fish-
eries. ICES Journal of Marine Science, 74(2), 566– 575. https://doi.
org/10.1093/icesj ms/fsw126

UN General Assembly. (2015). Transforming our world: the 2030 agenda 
for sustainable development. New York: United Nations.

Unsworth, R.K.F., Cullen, L.C., Pretty, J.N., Smith, D.J. & Bell, J.J. (2010) 
Economic and subsistence values of the standing stocks of seagrass 
fisheries: potential benefits of no- fishing marine protected area 
management. Ocean and Coastal Management, 53(5– 6), 218– 224. 
https://doi.org/10.1016/j.oceco aman.2010.04.002

Vause, B.J., Beukers- Stewart, B.D. & Brand, A.R. (2007) Fluctuations and 
forecasts on the fishery for queen scllops (Aequipecten opercularis) 
around the Isle of Man. ICES Journal of Marine Science, 64(6), 1124– 
1135. https://doi.org/10.1093/icesj ms/fsm089

Wahle, R.A. & Steneck, R.S. (1991) Recruitment habitats and nursery 
grounds of the American lobster Homarus americanus: a demo-
graphic bottleneck? Marine Ecology Progress Series, 69(3), 231– 243.

SUPPORTING INFORMATION
Additional supporting information may be found in the online 
version of the article at the publisher’s website.

How to cite this article: Blampied, S. R., Sheehan, E. V., 
Binney, F. C., Attrill, M. J. & Rees, S. E. (2022). Value of 
coastal habitats to commercial fisheries in Jersey, English 
Channel, and the role of marine protected areas. Fisheries 
Management and Ecology, 00, 1– 11. https://doi.org/10.1111/
fme.12571

https://doi.org/10.1093/biosci/biw014
https://doi.org/10.1093/biosci/biw014
https://doi.org/10.1126/science.1128035
https://doi.org/10.1126/science.1128035
https://doi.org/10.1093/icesjms/fsy152
https://doi.org/10.1093/icesjms/fsy152
https://doi.org/10.1016/j.marpol.2016.09.025
https://doi.org/10.1016/j.marpol.2016.09.025
https://doi.org/10.1111/faf.12057
https://doi.org/10.1111/faf.12153
https://doi.org/10.1038/s41598-021-82847-4
https://doi.org/10.1111/1365-2664.14121
https://doi.org/10.1111/1365-2664.14121
https://doi.org/10.1016/j.fishres.2020.105819
https://doi.org/10.1016/j.jenvman.2012.10.048
https://doi.org/10.1016/j.jenvman.2012.10.048
https://doi.org/10.1016/j.marpol.2020.103864
https://doi.org/10.1016/j.marpol.2020.103864
https://doi.org/10.4135/9781412953924.n678
https://doi.org/10.1016/j.cub.2019.07.081
https://doi.org/10.1016/j.cub.2019.07.081
https://doi.org/10.1371/journal.pone.0040542
https://doi.org/10.1146/annurev.ecolsys.33.010802.150515
https://doi.org/10.1146/annurev.ecolsys.33.010802.150515
https://doi.org/10.1371/journal.pone.0011767
https://doi.org/10.1371/journal.pone.0011767
https://doi.org/10.3354/meps318031
https://doi.org/10.1093/icesjms/fsw126
https://doi.org/10.1093/icesjms/fsw126
https://doi.org/10.1016/j.ocecoaman.2010.04.002
https://doi.org/10.1093/icesjms/fsm089
https://doi.org/10.1111/fme.12571
https://doi.org/10.1111/fme.12571

