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Preface

Preface
This work was undertaken as part of the PhD titled ‘Modelling the food web in the Irish Sea in the context
of a depleted commercial fish community’, funded via the Marine Institutes Cullen Fellowship and
hosted by the Scottish Association for Marine Science (SAMS; accredited by the University of the
Highlands and Islands). The project was designed under the remit of the first ICES Integrated Benchmark
Assessment, WKIrish. WKIrish is a multi-year process focussing on improving single-species stock
assessments (principally cod, haddock, whiting, plaice, herring), incorporating a mixed fisheries model,
and developing the integration of ecosystem aspects and working towards an integrated assessment
and advice. Two multi-species models (LeMans; Ecopath with Ecosim), developed simultaneously, will
be used to inform the development of an integrated ecosystem assessment and advice. This report
describes the development of an Ecopath model of the Irish Sea, allowing the interested reader to
understand the methodology and data used to construct the model. Importantly, the report is intended
to provide transparency to the model construction process and highlight the limitations of the data and
thus the caveats attached to model outputs.
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1 Chapter 1: Basic input
parameters
1.1 An introduction to the Irish Sea
The Irish Sea (ICES Division VIIa), separates Ireland from Great Britain (Figure 1) and is approximately
58,000 km-2 in extent (Vincent et al., 2004). At its northern end the Irish Sea connects to the Firth of
Clyde and the Atlantic via the North Channel. At its southern limit St. George’s Channel links the Irish
Sea with the Celtic Sea. The Irish Sea reaches a maximum depth of approximately 275 m in the North
Channel (Bowden, 1980). Based on the movements of radionuclide traces it has been inferred that
residual water flow is south to north although a periodic southward flowing component adjacent to the
Northern Irish coast has also been observed. A pool of cooler water persists at depth throughout the
year in the deeper part of the western Irish Sea. As the surface waters warm during the spring and
summer months a density-driven gyre develops which tends to isolate the waters within the gyre
(Horsburgh et al., 2000). In the shallower eastern Irish Sea there is a persistent anti-clockwise
circulation.
Over the past century the commercial fish and shellfish stocks in the Irish Sea have changed
dramatically, altering the way in which we utilise and manage different aspects of the ecosystem. As
elsewhere in the North Atlantic, many of the Irish Sea stocks have historically been subject to high levels
of fishing mortality leading to reduced spawning stock biomasses (SSB) and truncated age structures.
Despite large reductions in fishing effort since 2003 there has been only slow recovery whist some fish
stocks, such as whiting, do not appear to have improved. Significant changes in growth rates,
productivity and maturity for various species have also been observed (Armstrong et al., 2004,
Gerritsen et al., 2003). Irish Sea cod and whiting are currently assessed as below biomass management
reference points, i.e. at very low biomass. Whiting have exhibited reduced recruitment in the face of
high discarding mortality and reductions in weight-at-age, while the recruitment of cod (Planque and
Fox, 1998) and sole (Henderson and Seaby, 2005) have shown negative correlations with sea surface
temperature (SST), highlighting the impact of both anthropogenic and environmental drivers on the
2
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productivity of commercial stocks. In contrast, haddock has seen intermittent increases in stock size
driven by strong recruitment events (Dickey-Collas et al., 2003), while other species such as herring and
plaice have also shown signs of recovery over recent years. In the most recent single stock assessment
models (ICES, 2017a) cod also appears to be showing signs of recovery.

Figure 1. Physical characteristics of
the Irish Sea as defined by (a) the
boundaries of International Council
for the Exploration of the Sea (ICES)
fishing area VIIa (red outline). The
maps show the Irish Seas (b)
bathymetry with 30m contour lines,
(c) substrate types and (d) historical
average sea surface temperature
(from 1985; earliest model of this
resolution: spatial temperature is
explored in more detail later in this
report).
Data courtesy of the European Marine
Observation and Data Network
(EMODnet; bathymetry and habitats)
and Copernius Marine Environment
Monitoring
Service
(temperature;
Atlantic-European North West ShelfOcean Physics Reanalysis).
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Stock landings from the Irish Sea have transitioned from being dominated by cod, whiting and herring
in the 1960s to Nephrops and other shellfish today (Figure 2).
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Figure 2. Landings data from the Irish
Sea illustrating the general decline in
finfish landings (a-f) and increase in
invertebrate landings (g-j). Overall
landings from the Irish Sea have
steadily declined since the early 1980’s,
with the weight of invertebrates
landed surpassing the weight of finfish
landed from 1997 onwards (k). This has
instigated a decrease in the mean
trophic level of Irish Sea landings (l).
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Reductions in effort and other measures to recover the cod stock initially resulted in little evidence of
any stock response (Kelly et al., 2006) suggesting a more holistic exploration of ecosystem and
ecological aspects might be necessary. For the benefit of future management, it is important to
understand why cod, and other stocks, have reacted as observed.
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In line with the ICES strategic plan to progress towards integrated ecosystem assessments, the first ICES
Integrated Benchmark Assessment working group, WKIrish, has emphasised the need to develop
multispecies modelling capabilities for the Irish Sea to address these issues (ICES, 2015a). Current
approaches are focussing on mass-balanced Ecopath with Ecosim (Christensen et al., 2008) and sizebased modelling (Thorpe et al., 2015). Much of the data needed to populate these models are readily
available, however, as with most complex ecosystem-based models, data collected for non-commercial
species is not always as extensive as data collected for commercial species.

1.2 An Introduction to Ecopath with Ecosim
EwE, established in 1984 by Polovina (1984) and subsequently updated by Christian and Pauly (1992)
and Walters et al. (1997),is a popular ecological modelling software suite developed to overcome issues
with modelling species in isolation (Pauly, 2000). Since its conception EwE has been used to address a
wide variety of questions such as evaluating the ecosystem effects of fishing, exploring management
policy options, investigating the impact and placement of marine protected areas (MPAs) and
evaluating the effect of environmental changes on marine food webs (Bentley et al., 2017, Serpetti et
al., 2017).
EwE has three main components: Ecopath, Ecosim and Ecospace (http://www.ecopath.org/)
(Christensen et al., 2008). Using Ecopath the user first constructs a mass-balanced snapshot of their
ecosystem based on historical data, constructing a diet matrix to determine species interactions and
energy flow. This is then used as a baseline from which to project temporal simulations using Ecosim
and spatial-temporal simulations using Ecospace.

1.2.1 Ecopath
Ecopath functions under two master equations. The first equation describes the total production rate
(𝑃𝑖) for each group (𝑖) under the assumption of mass-balance over a finite period of time (usually 1
year) (Equation 1) (Christensen et al., 2008):
𝑃𝑖 = 𝑌𝑖 + 𝑀2𝑖 ∗ 𝐵𝑖 + 𝐸𝑖 + 𝐵𝐴𝑖 + 𝑃𝑖 (1 − 𝐸𝐸𝑖 )

(1)

where 𝑌𝑖 represents the total fishery catch rate of (𝑖), 𝑀2𝑖 is the instantaneous predation rate, 𝐵𝑖 is
the group biomass, 𝐸𝑖 is the group net migration rate (emigration-immigration) and 𝐵𝐴𝑖 is the groups
biomass accumulation rate. 𝐸𝐸𝑖 is the ecotrophic efficiency of group (𝑖), a value which represents the
proportion of the production of (𝑖) which is used within the system through predation, fishing,
migration and biomass accumulation. Therefore 𝑃𝑖 (1 − 𝐸𝐸𝑖 ) represents other mortality (such as death
by old age) which is not explicitly modelled. Following this equation, Ecopath employs a loop of
parameterisation algorithms to estimate ‘missing’ parameters and ensure mass balance between
groups. Energy balance is then ensured for each group using the second master equation (Equation 2)
5
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which is based on Winberg’s formula (Winberg, 1956) summing somatic growth (production), metabolic
costs (respiration) and waste products (unassimilated food):
𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 = 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 + 𝑟𝑒𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛 + 𝑢𝑛𝑎𝑠𝑠𝑖𝑚𝑖𝑙𝑎𝑡𝑒𝑑 𝑓𝑜𝑜𝑑

(2)

1.2.2 Ecosim
Ecosim expresses temporal change in the system via alterations in biomass dynamics as determined by
a series of coupled differential equations (Equation 3). These equations are derived from the initial
parameters of Equation 1 and take the form of:
𝑑𝐵𝑖
𝑑𝑡

where

𝑑𝐵𝑖
𝑑𝑡

𝑃

= (𝑄) ∑𝑗 𝑄𝑗𝑖 (𝑡) − ∑𝑗 𝑄𝑖𝑗 (𝑡) + 𝐼𝑖 − 𝐵𝑖 ∗ (𝑀𝑖 + 𝐹𝑖 + 𝑒𝑖 )
𝑖

(3)

𝑃
𝑄 𝑖

is the biomass growth rate of group (𝑖) during the time interval 𝑑𝑡, ( ) is the group’s net

growth efficiency (production/consumption ratio), 𝑄𝑗𝑖 is the consumption of group ( 𝑗) (predator) on
prey group(s) (𝑖), 𝑄𝑖𝑗 is the consumption for predation by all predators ( 𝑗) on group (𝑖) (prey), 𝐼𝑖 is the
group immigration rate, 𝑀𝑖 and 𝐹𝑖 are the groups natural and fishing mortalities respectively and 𝑒𝑖 is
the emigration rate. Inter-specific interactions are manifest in Ecosim as ‘vulnerabilities’ under the
foraging arena theory (Ahrens et al., 2012) wherein spatial and temporal limitations have the capability
to increase or reduce predator/prey interactions through top down and bottom up dynamics. Each
predator/prey interaction has a default vulnerability of 2. Values greater than 2 indicate top-down
interactions, with predator biomass driving predation mortality, whilst values less than 2 (minimum of
1) indicate bottom-up processes, with predator biomass having little impact upon predation mortality
and prey biomass driving the interaction.

1.3 Data Sources for the Irish Sea Ecopath model
The Irish Sea Ecopath model represents the ecosystem as it was in 1973. This year was chosen due to
the availability of stock assessment information for multiple species (cod, plaice, sole and herring).
Where available, species biomass estimates were extracted from ICES stock assessments or ICES
working group reports. Biomass estimates for the unassessed groups were taken from trawl data
available through ICES Database of Trawl Surveys (DATRAS; http://www.ices.dk/marine-data/dataportals/Pages/DATRAS.aspx). Surveys available for the Irish Sea (ICES area VIIa) include the CEFAS Irish
Sea beam-trawl survey (BTS- VIIa) and the AFBI Northern Irish ground fish survey (NIGFS) (Figure 3).
Whilst these data only span 1993-2016, they are the best available biomass estimates for unassessed
taxa in 1973. Biomass estimates were preferably taken from the BTS records as these fall closer to the
model start date. However if biomass estimates were unavailable or seemed underrepresented in
comparison to existing models (Lees and Mackinson, 2007) estimates were taken from the NIGFS (if

6
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preferable). For groups which were unassessed or poorly represented in both trawl surveys, biomass
estimates were taken from (or calculated) using relevant literature. Little information is available
regarding the biomass of invertebrates in the Irish Sea, therefore lower and upper beam trawl
catchability estimates of 0.05 and 0.35 (Kaiser et al., 1994) were used to increase BTS estimates.

Figure 3. Beam-trawl survey (BTS- VIIa) and Northern Irish ground fish survey (NIGFS) haul sites in the Irish Sea
(VIIa).

1.3.1 CEFAS Irish Sea beam-trawl survey (BTS- VIIa)
Due to minor inconsistencies in the sampling grid before 1993, only data from 1993 onwards was used
to generate biomass estimates. The standard gear used is a 4 m beam trawl with chain mat, flip up
rope, and a 40 mm codend liner to retain small fish (ICES, 2009). The epibenthic by-catch from these
catches has been quantified since 1997. Catch is sorted to species level, with the exception of small
gobies and sandeels, which are identified to genus, and recorded in grams per tow. The methods used
to calculate abundance of surveyed species were taken from previous work to produce an analysis of
ecosystem indices in the Irish Sea (C. Fox, per.comms, 2017). Biomass estimates as t.km -2 were
estimated from catch weight (𝐶), towing distance (𝐷) and nominal horizontal opening (ℎ):

𝑆𝑤𝑒𝑝𝑡– 𝑎𝑟𝑒𝑎 𝑏𝑖𝑜𝑚𝑎𝑠𝑠 [𝑡. 𝑘𝑚−2 ] =

𝐶 [𝑡 𝑝𝑒𝑟 𝑡𝑜𝑤]
𝐷 [𝑘𝑚] × ℎ [𝑘𝑚]

(4)

with the towing distance being calculated as the distance between shoot and haul sites (swept area).
Catch was recorded from one of two depth bands: 0-20 m (strata 1) and 20+ m (strata 2). Strata area
were recomputed using Surfer (3D contouring and surface plotting program) blanked for the coastline.

7
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Estimated areas for strata 1 and 2 were 8,773 km2 and 38,323 km2 respectively. The average biomass
t.km-2 for each taxa was then raised up to total tonnes per strata per taxa using the estimated strata
area. The total biomass was then summed across strata and taxa. Note that no corrections for
differential catchability were applied as these factors are largely unknown for different species and sizes
of fish. Estimated biomasses for plaice and sole showed good agreement with available stock
assessments but for other species which are not the main target for beam trawls, such as sprat and
herring, there was poorer agreement.

1.3.2 AFBI Northern Irish ground fish survey (NIGFS)
Data from the NIGFS is available from 2005 - 2016, however data from 2005 consists of a single haul
whilst data from 2006 and 2007 consist of two hauls per year. Years 2005-2007 were therefore
removed due to inconsistencies with following years. The NIGFS uses a rock-hopper otter trawl with a
17 m footrope fitted with 250 mm non-rotating rubber discs. The gear has a mean vertical opening of
3 m, door spread of around 25m at 20m depth to 40m at 80m depth, and a 20 mm codend liner (ICES,
2010a).
Taxa biomass estimates were calculated using the same method implemented for the BTS-VIIa data,
however as wing spread varies with depth, towing distance (𝐷) in Equation 4 was multiplied by the
recorded wing spread (ℎ). Wing spread was only recorded for 82 hauls out of 1025 and therefore had
to be estimated for the remaining hauls as a percentage of the corresponding door spread. Using the
NIGFS DATRAS data, the wing spread entries (ranging from 11.9 m – 18.4 m) were, on average,
calculated to be 41.5% of the corresponding door spread, with a standard deviation of 1.9.

Determination of functional groups
Species present in the Irish Sea were initially determined from available surveys and ICES landings data.
A total of 221 species were identified and allocated to functional groups according to their diet,
ecological and behavioural similarities and expert opinion. Species which contributed < 1 % towards
their functional groups survey-based total biomass were not included in the model but their biomass
contributions were distributed between all species within the group which contributed > 1 % towards
the total biomass (allocations prorated by biomass). The aim was to simplify the complexity of the
model as much as possible whilst retaining the overall biomass estimates in line with survey results.
Further alterations were made to the model structure to ensure the model was capable of producing
deliverables of interest to stakeholders based on workshops held in Ireland on the 23-27/10/2017
(Chair: Professor David Reid; WKIrish 4, Dun Laoghaire) and on the 08/12/2017 (Led by Professor David
Reid; Kikeel).
The final model has 41 functional groups (composed of 107 species) ranging from discards and primary
producers to elasmobranchs and marine mammals (Table 1). Since the aim of the new EwE model is to
8

Chapter 1: Basic input parameters

investigate the drivers surrounding the dynamics of commercially important species in the Irish Sea,
cod, haddock, plaice, whiting, sole, herring and Nephrops have been included as single-species
functional groups. Cod, haddock, plaice and whiting have been further split into two groups: juveniles
(up to age 1) and adults (age 2+). Stakeholder input has also influenced the foodweb structure of the
model, for example species of seabird have been assigned to either a ‘high discard diet’ or ‘low discard
diet’ group, because of interest in the potential impact of the landings obligation (discards ban) on
these organisms. Detritus has also been split into separate ‘discards’ and ‘non-discards’ groups. The
structure and contribution of individual species towards larger amalgamated groups (i.e. ‘Other
demersal fish’) was determined based on their ecological functions using expert opinion and system
biomass contributions as calculated using BTS-VIIa and NIGFS data. Diets and biological parameters of
species which contributed less than 1% towards the biomass of their functional group were not
included as their impact on the model structure would be negligible.
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Table 1. Structure of the 41 functional groups in the Irish Sea Ecopath model.
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1.4 Functional group input parameters
1.4.1 Marine mammals
Five marine mammal species regularly occur the Irish Sea: bottlenose dolphin (Tursiops truncatus),
harbour porpoise (Phocoena phocoena), minke whale (Balaenoptera acutorostrata), common seal
(Phoca vitulina vitulina) and grey seal (Halichoerus grypus). Other species which enter the Irish Sea in
small numbers include short-beaked common dolphin (Delphinus delphis) and white beaked dolphin
(Lagenorhynchus albirostris) (Hammond et al., 2013, Wall, 2013). Other species sighted in the Irish Sea
include pilot whale (Globicephalus macrorhynchus), Risso’s dolphin (Grampus griseus), killer whale
(Orcinus orca), humpback whale (Megaptera novaeangliae) and fin whale (Balaenoptera physalus)
(Wall, 2013). The presence of these species is uncommon and there is limited data regarding their
abundance and diets in the Irish Sea. Due to the difficulties in representing mammals which are not
regular inhabitants of the Irish Sea or have little data to support their roles, bottlenose dolphin, harbour
porpoise, minke whale, common seal and grey seal were the only marine mammal species included in
the model.
Abundance and bycatch of these species are not available for 1973, therefore data from SCANS I and
SCANS II surveys were used to estimate the abundance of cetaceans. The SCANS I survey was carried
out in European waters in 1994 (Hammond et al., 2002) but the Irish Sea was not included in the survey.
The SCANS II survey was carried out in European waters in 2005 (Hammond et al., 2013) and did include
the Irish Sea.
1.4.1.1

FG1: Toothed whales
Bottlenose dolphins and harbour porpoises were grouped in the toothed
whale functional group. The SCANS II survey estimated that the bottlenose

dolphin population for the Irish Sea was 235 individuals, with a lower confidence limit of 68 and an
upper confidence limit of 952. The population of Cardigan bay at the beginning of the 1990s has been
estimated to be at least 130 dolphins and potentially more, however only a proportion of them were
considered resident (Evans, 1995). Based on expert opinion a population estimate of 130 dolphins is a
reasonable estimate for 1973 (Hernandez-Milian, per. comms. 2017). Average body weight of
bottlenose dolphins stranded along the Irish coasts has been estimated to be 382 kg individual-1 (0.38
t). Adult body mass for the species has been reported to be between 220-500 kg (www.cms.int),
therefore the average weight estimated for the stranded dolphin in Irish waters was used in the model.
Biomass of bottlenose dolphins is estimated to have been 130*0.3818/58000=0.00086 t.km-2.
During the SCANS II survey a population of 15,230 harbour porpoises were estimated to be present in
the Irish Sea, with a lower confidence limit of 7,822 and an upper confidence limit of 29,653 (Hammond
11
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et al., 2013). Peltier et al. (2013) found that harbour porpoise populations have been increasing since
the year 2000, therefore the population may have been smaller in 1973. As populations in the Irish Sea
and Celtic sea seem to follow similar trends (Hernandez-Milian, per. comms. 2017), an estimate of the
historic harbour porpoise population in the Irish Sea was made from the Celtic Sea estimations from
SCANS I and SCANSS II. In the Celtic Sea the harbour porpoise population increased from SCANS I (1994)
to SCANS II (2005) by 228%. Assuming the same rate of population increase in an estimate of 4,643
individuals in 1994. The average weight of harbour porpoises given by Bjorge and Tolley (2009) is 0.055
t, which is consistent with values obtained from harbour porpoises stranded along Irish coasts
(Hernandez-Milian, per. comms. 2017). Harbour porpoise biomass in the Irish Sea was therefore
estimated to have been 4,643*0.055/58000=0.0044 t.km-2. The combined biomass estimate for
toothed whales in the Irish Sea is therefore estimated to have been 0.00086 + 0.004 = 0.00526 t.km-2.
The maximum rate of population increase for whales is 4% (Reilly and Barlow, 1986). The 𝑃/𝐵 ratio of
toothed whales was therefore set at 2% (0.02 year-1), half of the maximum (Trites et al., 1999,
Mackinson and Daskalov, 2008, Lees and Mackinson, 2007). Using mean daily ration (𝑅) as a function
of individual weight (𝑊) (Trites et al., 1999) (Equation 5), Q/B was estimated to be 11.11 year-1 for
bottlenose dolphins and 16.38 year-1 for harbour porpoise. Prorating these ratios by biomass provides
a group 𝑄/𝐵 estimate of 15.52 year-1.
𝑅 = 0.1𝑊 0.8

(5)

Limited data is available to quantify the proportion of bottlenose mortality attributable to bycatch in
the Irish Sea. In the Gulf of Mexico 1% of the bottlenose dolphin population was considered to be killed
annually via by-catch. Applying this 1% by-catch rate to the Irish Sea population leads to an estimation
that one dolphin might be by caught annually, which stands in agreement with Irish stranding reports
(Hernandez-Milian, per. comms. 2017). The biomass of by caught bottlenose dolphins was therefore
estimated to be 1*0.3818/58000=0.0000065 t.km-2. Tregenza et al. (1997) estimated that 6.2% of the
harbour porpoise population in the Celtic Sea is by-caught annually, compared to the 3.3-4.3%
estimated to be by-caught in gillnets in the North Sea (EFRAC, 2004). Assuming these values were to
apply to the Irish Sea population, 288 individuals would be caught annually using the Celtic Sea
estimate, whereas 153-200 individuals would be caught using the North Sea estimate. As gillnets were
more prevalent in the past in the Irish Sea, the Celtic Sea estimate appears more realistic for the Irish
Sea in 1973 (Hernandez-Milian, per. comms. 2017). The biomass of by-caught harbour porpoises was
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therefore estimated to have been 288*0.055/58000=0.00027 t.km-2 and the total by-catch for toothed
whales is therefore estimated to have been 0.0000065 + 0.00027 = 0.0002765 t.km-2.
Table 2. Diet of toothed whales in the Irish Sea
EwE model, taken from Santos et al. (2001) and
Hernandez-Milian et al. (2015)
Prey
Diet proportion
Sharks
0.0400
Atlantic cod 2+
0.0049
Atlantic cod 1
0.0200
Whiting 2+
0.1639
Whiting 1
0.0900
European plaice 2+
0.0001
Common sole
0.0002
Flatfish
0.1000
Monkfish
0.0020
European hake
0.0600
Sandeels
0.0500
Other demersal fish
0.1429
Other benthopelagic fish
0.2000
Atlantic herring
0.0500
European sprat
0.0500
Other pelagic fish
0.0010
Anadromous fish
0.0010
Cephalopods
0.0240

1.4.1.2

The diets for bottlenose dolphins and harbour porpoises were
taken from studies examining the stomach contents of
stranded individuals across Scottish (Santos et al., 2001) and
Irish (Hernandez-Milian et al., 2015) coasts (Table 2). The bulk
of the prey consisted of gadoids: whiting (Merlangius
merlangus), haddock (Melanogrammus aeglefinus), Pollachius
sp., Trisopterus sp. and hake (Merluccius merluccius). Flatfish
were also often found in the stomachs as well as pelagic fish.
Hernandez-Milian et al. (2015) reported coastal sharks
(Scyliorhinus sp.) within the diet of bottlenose dolphins. As
generalist predators, bottlenose dolphins may therefore
consume dogfish when these prey are abundant (Rogan and
Hernández-Milián, 2011).

FG2: Minke whales
A continuous monitoring program carried out in the Irish Sea from
2005 to 2011 found that minke whales were usually present during
spring and summer but predominantly absent throughout the rest of
the year (Wall, 2013). The SCANS II survey in 2009 estimated a minke

whale population of 1,070 with a lower confidence limit of 101 and an upper confidence limit of 1,395
(Hammond et al., 2013). Assuming that minke whale populations follow a similar trend to harbour
porpoises (Hernandez-Milian, per. comms. 2017), minke whale estimations were obtained in a similar
way using the percentage increase in population numbers between the SCANS I and II surveys in the
Celtic Sea. The Celtic Sea minke whale population increased by 46% from 1994 (SCANS I) to 2005 (SCANS
II), therefore a historic estimate of 733 individual minke whales was calculated for the Irish Sea in 1994.
The body weight of minke whales was reported to be 5.251 t (Trites et al., 1999). The biomass of minke
whales in the Irish Sea was therefore estimated to have been 733*5.251/58000=0.06636 t.km-2. A 𝑃/𝐵
of 0.02 year-1 was assumed equal to half of the maximum population growth rate for whales (Trites et
al., 1999). The 𝑄/𝐵 of minke whales was estimated to be 6.58 year-1 using Equation 5.
There Perrin et al. (1994) suggests that 0.3% of minke whale mortality in the US may be due to by-catch.
This corresponds to two whales per year which coincides with stranding reports in Ireland. Biomass of
by caught minke whales was therefore estimated to have been 2*5.251/58000=0.00018 t.km-2.
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Table 3. Diet of minke whales in the
Irish Sea EwE model, taken from Pierce
et al. (2004) and Ryan et al. (2013).

Pierce et al. (2004) carried out the only study on minke whale diet

Prey
Diet proportion
Sandeels
0.0050
Atlantic herring
0.1950
European sprat
0.1950
Other pelagic fish
0.4000
Shrimp
0.1000
Cephalopods
0.0900
Large zooplankton
0.0090
Small zooplankton
0.0060

studied the diet of baleen whales in the Celtic Sea using stable

1.4.1.3

using stranded animals from Scotland whilst Ryan et al. (2013)

isotopes. Combining results from both studies suggests that the diet
of minke whales should consist mainly of herring (Clupea harengus),
sprat (Sprattus sprattus) and other pelagic fish, with small
contributions from shrimp, cephalopods and zooplankton (Table 3).

FG3: Seals
The seals functional group is composed of harbour seals (Phoca vitulina)
and grey seals (Halichoerus grypus). Harbour seal abundance in the Irish Sea
has been studied by Bonner (1972), Lyons (2004) and Summers et al. (1980).

Based on these results 400 individuals can be considered as a conservative population estimate for the
date of the model (Hernandez-Milian, per. comms. 2017). The weight of adult harbour seals ranges
from 70 - 150 kg for males and from 60 - 110 kg for females (Burns, 2009), so the average weight of an
adult harbour seal is 97.5 kg. Assuming that weaning animals have weights similar to grey seals (38.85
kg; Hernandez-Milian, per. comms. 2017), the average weight of a harbour seal is 68.18 kg (0.0682t).
The biomass of harbour seals was therefore estimated as 400*0.0682/58000=0.000470 t.km-2. The
population of grey seals in the Irish Sea has been estimated to be 885 individuals (Ó’Cadhla and Strong,
2007). Bonner (1981) reported adult weights for male and female grey seals to be 233 kg and 155 kg
respectively, with an average weight of 194 kg. Weaning males and females weigh 40 kg and 37.7 kg
respectively, with an average weight of 38.85 kg. The average weight of grey seals is therefore
calculated to have been 116.43 kg. The total biomass of grey seals was estimated as
885*0.11643/58000 = 0.001776 t.km-2. The overall biomass of the seals functional group is therefore
0.002246 t.km-2.
The maximum population growth rate for pinnipeds is about 12% (Small and DeMaster, 1995). The 𝑃/𝐵
for seals was therefore set to 6% (0.06 year-1), half of the maximum (Trites et al., 1999). 𝑄/𝐵 ratios
were estimated to be 14.095 year-1 for grey seals and 15.69 year-1 for harbour seals using mean daily
rations. Prorating these estimates by species biomass proportions provides a group Q/B estimate of
14.43 year-1.
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Harbour seal by-catch for the Irish Sea was calculated assuming the same rate of by-catch as for the
West Coast of Ireland where it is estimated that 1% of the population is caught annually (27 individuals)
(Cosgrove et al., 2013). Applying this rate to the estimated Irish Sea population suggests that 4
individuals are by-caught annually. Harbour seal bycatch is therefore estimated to have been
4*0.0682/58000 = 0.0000047 t.km-2. In the Celtic Sea it is estimated that 60 grey seals are by-caught
annually by the herring fishery (Berrow et al., 1998), accounting for 4% of the population. Using the
same rate this equates to 36 individuals by-caught annually in the Irish Sea. Duck and Morris (2014)
suggest a further five individuals are by-caught annually of the Scottish coast via other means. The total
number of grey seals by-caught annually is therefore estimated to have been 41. The biomass of bycaught grey seals is estimated to have been 41*0.11643/58000=0.000082 t.km-2. The total weight of
Table 4. Diet for seals in the Irish Sea EwE
model, taken from Gosch et al. (2014), Gosch
(2017), Philpott (2001) and Kierly et al.
(2000).

by-caught seals in the Irish Sea is therefore estimated to have
been 0.000089 t.km-2.
Information regarding the diet of harbour seals was obtained

Prey
Diet proportion
Sharks
0.0090
Rays
0.0450
Atlantic cod 2+
0.0395
Atlantic cod 1
0.0090
Whiting 2+
0.0310
European plaice 2+
0.0020
Common sole
0.0200
Flatfish
0.0574
Monkfish
0.0008
Sandeels
0.0600
Gurnards and dragonets
0.0225
Other demersal fish
0.1950
Other benthopelagic fish
0.1951
Atlantic herring
0.0448
European sprat
0.0447
Other pelagic fish
0.0751
Anadromous fish
0.0900
Lobsters and large crabs
0.0079
Nephrops
0.0160
Cephalopods
0.0352

from studies of scat samples collected by Kavanagh et al. (2010)
from two haul-out sites in the South West and West of Ireland.
The results suggest harbour seals are generalist predators,
feeding predominantly on Trisopterus sp. and Pollachius sp.
Studies on the diets of grey seals around Ireland (Gosch et al.,
2014, Philpott, 2001, Gosch, 2017, Kierly et al., 2000) suggest
they are also generalist predators with a preference for
Trisopterus sp. and Pollachius sp. The final diet for the seals
functional group was designed as an average of harbour and
grey seal diet prorated by their biomass contributions (Table 4).

1.4.2 Seabirds
Seabirds have been split into two functional groups: those with a ‘high discard diet’ and those with a
‘low discard diet’. This is largely in anticipation of investigations into the potential impacts the landings
obligation (discards ban) might have on seabird populations. Discards play a key role in the diets of
several seabird species. Whilst this is an unnatural source of food both direct and indirect impacts may
result from discards being removed from the ecosystem (Bicknell et al., 2013, Heath et al., 2014).
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1.4.2.1

FG4: Seabirds (high discard diet)
Seabirds present across the Irish Sea with considerable portions of their diets
fulfilled by discards (Table 2) include fulmar (Fulmarus glacialis), gannet
(Morus bassanus), lesser black backed gull (Larus fuscus), herring gull (Larus
argentatus) and great black backed gull (Larus marinus). Population and

weight estimates were taken from the report of the working group on seabird ecology (ICES, 2002). The
combined biomass of these seabirds in the Irish Sea is estimated to have been 0.0018 t.km-2 in 2001. In
the absence of population estimates for earlier years, the 2001 estimate was used to represent group
biomass in 1973. The 𝑄/𝐵 of discard dependant seabirds was estimated to be 66.02 year-1 using
Equation 6 (Nilsson and Nilssoon, 1976):
𝐿𝑜𝑔10 (𝐷𝑅) = −0.293 + 0.85 ∗ 𝐿𝑜𝑔10 𝑊

(6)

where 𝐷𝑅 is the daily ration of fish consumed and 𝑊 is body weight. 𝑄/𝐵 is an annual measure and
was therefore derived as 𝐷𝑅/𝑊 *365. Seabird 𝑃/𝐵 was estimated to be 0.4 year-1 based on estimates
from Trites et al (1999). Diet information was collected from multiple scientific reports and prorated by
the biomass of individual species in the group. (Table 5).
Table 5. Diet compositions and references for seabirds (high discard diets) in the Irish Sea.
Seabird

Prey species

Diet reference

Fulmer

Capelin (11.5%), sandeels (29.14%), Euphausiids (5.51%),
discards (53.85%)
Mackerel (30.8%), herring (32.9%), sandeels (17.9%),
discards (16.4%), other (2.1%)
Herring (39.75%), sandeels (9%), sprat (3.1%), gadoids
(22.75%), discards (22.75%), other (2.6%)

Phillips et al. (1999)

Gannet
Lesser black-backed gull

Herring gull
Great black-backed gull

1.4.2.2

Molluscs (25.05%), Crustacea (44.68%), flatfish (13.58%),
discards (13.42%)
Crustacea (14.07%), Euphausiids (0.81%) , mackerel
(37.10%), gadoids (24.01%), discards (24.01%)

Hamer et al. (2000),
Stauss et al. (2012)
Bustnes et al. (2010),
Shamoun-Baranes and
Camphuysen (2013)
Shamoun-Baranes and
Camphuysen (2013)
Steenweg et al. (2011)

FG5: Seabirds (low discard diet)
Seabirds present in the Irish Sea with a smaller reliance on discards (Table 3) include
manx shearwater (Puffinus puffinus), shag (Phalacrocorax aristotelis), kittiwake
(Larus tridactyla), guillemot (Uria aalge), razorbill (Alca torda), puffin (Fratercula
arctica), Roseate tern (Sterna dougallii), Common tern (Sterna hirundo), Arctic tern
(Sterna paradisaea), Little tern (Sternula albifrons) and great cormorant
(Phalacrocorax carbo). Population and weight estimates were taken from the report

of the working group on seabird ecology (ICES, 2002). The biomass estimate for seabirds with low
discard diets in the Irish Sea is estimated to have been 0.0015 t.km-2 in 2001. This estimate was entered
into the model in lieu of any estimates for 1973. The 𝑄/𝐵 of this seabird group was estimated to be
69.21 year-1 using Equation 6. Again, an annual 𝑃/𝐵 of 0.4 was taken from Trites et al., (1999). Diets
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were sourced from multiple scientific reports and prorated by the biomass of individual species in the
group (Table 6).
Table 6. Diet compositions and references for seabirds (low discard diets) in the Irish Sea.
Seabird

Prey species

Diet reference

Manx shearwater

Squid (11.8-81.8%), sandeels (5.9-23.5%), Clupeidae
(5.9-26.5%), Crustacea (8.8-17.6%)
Sandeels (40%), Pollachius sp (20.3%), small
demersals (31.5%), crustaceans (0.25%), cod (10.3%),
other (1.25%)
Capelin (80.10%), sandeels (15.82%), Euphausiids
(2.04%), discards (2%)
Capelin (63.36%), sandeels (26.07%), Euphausiids
(4.3%), discards (3%)
Capelin (49.43%), sandeels (46.04%), Euphausiids
(4.15%), discards (0.4%)
Capelin (16.02%), sandeels (74.31%), Euphausiids
(6.56%), discards (3%)
Sandeels (34.43%), small demersals (0.93%), gadoids
(48.26%), Clupeidae (16.38%)
Sandeels (68.2%), small demersals (6.3%), gadoids
(54.23%), Clupeidae (25.5%)
Sandeels (31.85%), small demersals (1.29%), gadoids
(48.26%), Clupeidae (12.63%)
Cod (3.95%) , flatfish (20.04%),small demersals
(31.85%), anadromous fish (17.04%), other (26.42%)

Thompson (1987)

Shag

Kittiwake
Guillemot
Razorbill
Puffin
Roseate tern
Arctic tern
Little tern
Cormorant

Watanuki et al. (2008),
Lilliendahl and Solmundsson
(2006)
Thompson et al. (1999)
Thompson et al. (1999)
Thompson et al. (1999)
Thompson et al. (1999)
Newton and Crowe (2000)
Newton and Crowe (2000)
Newton and Crowe (2000)
Kirby et al. (1996),
Lilliendahl and Solmundsson
(2006)

1.4.3 Fish
The main driver behind the creation of this Ecopath model is to explore the mechanisms which have
driven the historical biomass trends of commercial fish species in the Irish Sea. Fish are thus
represented in the model at a greater resolution compared to other organisms and comprise 22 out of
the total 41 functional groups. Empirical equations and data sources which apply to the majority of fish
functional groups are presented below.
1.4.3.1 Length and weight relationship
Weight parameters (kg) were required for each species and functional group for use in further
parameter calculations (such as consumption/biomass (𝑄/𝐵): see below) and for the transformation
of count data into weighted diet data.
Mean weights at length were estimated using Equation 7 (Ricker, 1973, Ricker, 1975):
𝑊 = 𝑎 × 𝐿𝑏

(7)

where 𝑊 is the weight (kg), 𝐿 is the length (cm) and 𝑎 (intercept) and 𝑏 (slope) are conversion factors
estimated using linear regression through natural logarithmic transformation (𝑊 = ln 𝑎 + 𝑏 × ln 𝐿).
Estimates for a and b are provided for each functional group later in the report. The same calculation
was used to transform 𝐿𝑚𝑎𝑥 into 𝑊𝑚𝑎𝑥 , 𝐿𝑚𝑎𝑡 into 𝑊𝑚𝑎𝑡 and 𝐿∞ into 𝐿∞ .
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1.4.3.2 Production/Biomass
It is assumed under steady state conditions that the Production/Biomass (𝑃⁄𝐵) ratio is equivalent to
the instantaneous rate of total mortality (𝑍) used by fisheries biologists (Allen, 1971) (Equation 8 & 9).
𝑃 ⁄𝐵 = 𝑍

𝑎𝑛𝑑

𝑍 =𝑀+𝐹

(8 & 9)

where 𝑍 is instantaneous total mortality; comprised of natural mortality (𝑀) and fishing mortality (𝐹).
Estimates for fish 𝑃/𝐵 ratios, along with biomass, catch, 𝑀 and 𝐹 estimates, can be found in Table 7.
1.4.3.3 Fishing mortality
In equilibrium situations, fishing mortality (𝐹) can be estimated as catch (t.km-2.year-1) over biomass
(t.km-2). Biomass lacks a time dimension and thus the fishing mortality is an instantaneous rate (per
year) (Equation 10):
𝐹𝑖𝑠ℎ𝑖𝑛𝑔 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 (𝐹) = 𝑐𝑎𝑡𝑐ℎ/𝑏𝑖𝑜𝑚𝑎𝑠𝑠

(10)

1.4.3.4 Natural mortality
Natural annual mortality (𝑀) for fish was estimated using Pauly’s (1980) empirical model (Equation 11):
𝑙𝑜𝑔10 𝑀 = −0.2107 − 0.0824𝑙𝑜𝑔10 𝑊∞ + 0.675𝑙𝑜𝑔10 𝑘 + 0.4687𝑙𝑜𝑔10 𝑇

(11)

where 𝑊∞ is the species asymptotic weight, 𝑘 is the curvature parameter of the von Bertalanffy growth
function and 𝑇 is the mean annual temperature (°C).
1.4.3.5 Consumption/Biomass
𝑄 ⁄𝐵 values were calculated using the empirical model of Pauly et al. (1990) and Christensen and Pauly
(1992) (Equation 12):
𝐿𝑜𝑔 𝑄 ⁄𝐵 = 6.37 − 1.5045 𝑇 ′ − 0.168𝑙𝑜𝑔𝑊∞ + 1.399𝑃𝑓 + 0.2765𝐻𝑑

(12)

where 𝑇 ′ is the mean annual temperature (Kelvin), 𝑃𝑓 characterises feeding behaviour (apex predators,
pelagic predators and zooplankton feeders = 1; other feeding types = 0) and 𝐻𝑑 characterises food type
(herbivores = 1; predators = 0).
1.4.3.6 ICES fisheries landings
Official landings data from 1950 – 2014 for ICES area VIIa were obtained from ICES
(http://www.ices.dk/marine-data/dataset-collections/Pages/Fish-catch-and-stock-assessment.aspx).
Landings were converted from tonnes into t.km-2 by dividing by the total area of ICES area VIIa (58,000
km2). Estimates of 𝑄/𝐵 along with 𝑘, length and weight parameters for fish functional groups can be
found in Table 8.
1.4.3.7 Cefas diets
The diets for fish groups were quantitatively estimated using CEFAS fish stomach records
(https://www.cefas.co.uk/cefas-data-hub/fish-stomach-records/). Records were filtered to include
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only those from the Irish Sea from 1960 onward. The default format for data entry is as counts of prey
item found per predator. In order to convert count data to weight (kg) data, weights were assigned to
each prey item. For fish, these weights were obtained by converting length to weight. Length
information was obtained from the BTS-VIIa in order to generate an average length and weight relative
to the Irish Sea. For invertebrates, average weight data was acquired from SeaLifeBase (Palomares and
Pauly, 2017). Weighted diets were then transformed into proportion diets, as is required by Ecopath.
The diet extracted for each predator included the mean proportion of prey items consumed based on
all the data available from 1960-present day. In addition, minimum, maximum, standard deviation and
percentile values were extracted, providing a range of plausible diet proportions each prey may
contribute towards a predator’s diet. Diets of functional groups comprising multiple species were
prorated by the biomass proportion each species contributes towards the functional group. Functional
group diets derived from Cefas fish stomach records can be viewed in Chapter 2: Visualisation of fish diets
and uncertainty.
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Table 7. Parameter estimates for fish functional groups, including biomass and landings (t.km-2) along with their corresponding data
origins, fishing mortality (F), natural mortality (M) and calculated production/biomass (P/B). M estimates for functional groups
hosting multiple species were prorated* using species biomass contributions.
Functional group

Biomass

6

Sharks
Smallspotted catshark
Nursehound
Starry smooth hound
Spurdog

t.km -2 FG proportion
0.2930
0.2731
0.9320
0.0137
0.0469
0.0059
0.0201
0.0003
0.0010

7

Rays

0.1123

-

Thornback ray

0.0620

0.5525

DATRAS: BTS-VIIa (1993-2015)

Spotted Ray

0.0252

0.2241

DATRAS: BTS-VIIa (1993-2015)

Cuckoo ray

0.0150

0.1335

DATRAS: BTS-VIIa (1993-2015)

Blonde ray

0.0101

0.0900

DATRAS: BTS-VIIa (1993-2015)

Atlantic cod (mature)
Atlantic cod (imature)
Whiting (mature)
Whiting (imature)
Haddock (mature)
Haddock (imature)
European plaice (mature)
European plaice (imature)
Common sole
Flatfish
Common dab
Solenette
Scaldfish
Lemon sole
Thickback sole
Witch flounder
Brill
European flounder
Turbot
Monkfish
European hake
Sandeels
Greater sandeel
Lesser sandeel
Gurnards and dragonets
Common dragonet
Tub gurnard
Grey gurnard
Red gurnard
Other demersal fish

0.3390
0.0810
0.5600
0.4900
0.0860
0.0120
0.1550
0.0030
0.1130
0.4705
0.3300
0.0540
0.0180
0.0170
0.0150
0.0130
0.0110
0.0076
0.0049
0.0320
0.0028
1.3000
0.3440
0.0320
0.0320
0.1500
0.1300
0.1003

0.7014
0.1148
0.0383
0.0361
0.0319
0.0276
0.0234
0.0162
0.0104
0.0930
0.0930
0.4360
0.3779
-

ICES stock assessment (1973)
ICES stock assessment (1973)
ICES stock assessment (1980)
ICES stock assessment (1980)
ICES stock assessment (1993ICES stock assessment (1993ICES stock assessment (1973)
ICES stock assessment (1973)
ICES stock assessment (1973)
DATRAS: BTS-VIIa (1993-2015)
DATRAS: BTS-VIIa (1993-2015)
DATRAS: BTS-VIIa (1993-2015)
DATRAS: BTS-VIIa (1993-2015)
DATRAS: BTS-VIIa (1993-2015)
DATRAS: BTS-VIIa (1993-2015)
DATRAS: BTS-VIIa (1993-2015)
DATRAS: BTS-VIIa (1993-2015)
DATRAS: BTS-VIIa (1993-2015)
DATRAS: BTS-VIIa (1993-2015)
DATRAS: BTS-VIIa (1993-2015)
Lees and Mackinson (2007)
DATRAS: NIGFS (2008-2016)
DATRAS: NIGFS (2008-2016)
DATRAS: NIGFS (2008-2016)
DATRAS: NIGFS (2008-2016)
-

Saithe

0.0061

0.0608

DATRAS: BTS-VIIa (1993-2015)

Pollack

0.0480

0.4786

DATRAS: BTS-VIIa (1993-2015)

Lesser weever
Greater weever
Shorthorn sculpin
European conger eel
John dory
Common ling
Hooknose
European seabass
Benthopelagic fish
Poor cod
Pouting(=Bib)
Norway pout
Atlantic herring
European sprat
Other pelagic fish
Atlantic horse mackerel
Anchovy
Atlantic mackerel
Blue whiting
Anadromous fish
Seatrout
Atlantic salmon

0.0130
0.0019
0.0060
0.0050
0.0024
0.0010
0.0041
0.0128
0.1992
0.0430
0.0062
0.1500
0.5500
3.4100
0.1212
0.0055
0.0025
0.0802
0.0330
0.0300

0.1296
0.0189
0.0598
0.0499
0.0239
0.0100
0.0409
0.1276
0.2159
0.0311
0.7530
0.0454
0.0206
0.6617
0.2723
0.2475

DATRAS: BTS-VIIa (1993-2015)
DATRAS: BTS-VIIa (1993-2015)
DATRAS: BTS-VIIa (1993-2015)
DATRAS: BTS-VIIa (1993-2015)
DATRAS: BTS-VIIa (1993-2015)
DATRAS: BTS-VIIa (1993-2015)
DATRAS: BTS-VIIa (1993-2015)
ICES SURBA model output
DATRAS: NIGFS (2008-2016)
DATRAS: NIGFS (2008-2016)
DATRAS: NIGFS (2008-2016)
ICES stock assessment (1973)
ICES: AFBI herring survey
DATRAS: NIGFS (2008-2016)
DATRAS: NIGFS (2008-2016)
DATRAS: NIGFS (2008-2016)
DATRAS: NIGFS (2008-2016)
Lees and Mackinson (2007)

-

-

8
9
10
11
12
13
14
15
16
17

18
19
20

21

22

23

24
25
26

27

Source

-

DATRAS: BTS-VIIa (1993-2015)
DATRAS: BTS-VIIa (1993-2015)
DATRAS: BTS-VIIa (1993-2015)
DATRAS: BTS-VIIa (1993-2015)

-

Landings t.km-2
t.km -2
0.0210
0.0000
0.0000
0.0210

Source

ICES: No landings in 1973
ICES: No landings in 1973
No recorded landings
ICES catch statistics (1973)
ICES catch statistics (1973; '
0.0740
Raja rays nei')
ICES landings not defined to
species level in 1973
ICES landings not defined to
species level in 1973
ICES landings not defined to
species level in 1973
ICES landings not defined to
species level in 1973
0.2000 ICES catch statistics (1973)
0.0240 ICES WKIrish report (2017)
0.1500 ICES catch statistics (1973)
0.0310 ICES WKIrish report (2017)
0.0410 ICES catch statistics (1973)
0.0000 ICES catch statistics (1973)
0.0870 ICES WGCSE report (2016)
0.0000 ICES WGCSE report (2016)
0.0250 ICES catch statistics (1973)
0.0120 0.0050 ICES catch statistics (1973)
No recorded landings
No recorded landings
0.0009 ICES catch statistics (1973)
0.0000 ICES: No landings in 1973
0.0000 ICES: No landings in 1973
0.0021 ICES catch statistics (1973)
0.0013 ICES catch statistics (1973)
0.0023 ICES catch statistics (1973)
0.0110 ICES catch statistics (1973)
0.0360 ICES catch statistics (1973)
No recorded landings
No recorded landings
0.0014 0.0000 ICES catch statistics (1973)
0.0012 ICES catch statistics (1973)
0.0001 ICES catch statistics (1973)
0.0001 ICES catch statistics (1973)
0.0540 ICES catch statistics (1973;
0.0400
'Saithe=pollack')
Included ICES catch statistics (1973;
w/ saithe 'Saithe=pollack')
No recorded landings
No recorded landings
No recorded landings
0.0058 ICES catch statistics (1973)
0.0000 ICES: No landings in 1973
0.0086 ICES catch statistics (1973)
No recorded landings
0.00003 ICES catch statistics (1973)
0.0019 No recorded landings
0.0019 ICES catch statistics (1973)
No recorded landings
0.4000 ICES catch statistics (1973)
0.0920 ICES catch statistics (1973)
0.0220
0.0001 ICES catch statistics (1973)
No recorded landings
0.0220 ICES catch statistics (1973)
0.0000 ICES: No landings in 1973
0.0083
0.0008 ICES catch statistics (1973)
0.0076 ICES catch statistics (1973)

F

M

P/B

0.07
-

0.18* 0.25
0.21
0.13
0.22
0.13
-

0.66

0.19* 0.85

-

0.16

-

-

0.23

-

-

0.19

-

-

0.26

-

0.59
0.30
0.27
0.06
0.48
0.00
0.56
0.00
0.22
0.02
0.32
0.00
0.00
0.55

0.23
0.71
0.50
1.08
0.41
2.44
0.13
0.59
0.5*
0.45
0.86
0.54
0.29
0.64
0.20
0.64
0.42
0.44
0.17
0.15
0.71*
0.61
0.99
0.52*
0.67
0.26
0.65
0.40
0.40*

0.82
1.01
0.77
1.14
0.89
2.44
0.79
1.38

-

0.28

-

-

0.28

-

0.01
0.73
0.03
0.18
0.28
-

0.95
0.67
0.45
0.10
0.25
0.20
0.83
0.33
0.78*
0.80
0.72
0.77
0.63
0.93
0.42*
0.27
0.69
0.40
0.46
0.37*
0.30
0.44

0.79
1.36
0.96
0.60
0.65
-

0.52
0.49
0.71
0.52

0.94
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Table 8. Parameter estimates for fish functional groups, including a and b length to weight conversion factors (Silva et al.,
2013), length infinity (cm) (L∞; Thorp, Cefas, per comm), weight infinity (W∞), von Bertalanffy growth functions (K; from
FishBase) and calculated consumption/biomass (Q/B). Q/B estimates for functional groups hosting multiple species were
prorated* using species biomass contributions.
Functional group

a

b

a & b estimate reference

L∞

W∞

K

Q/B

6

Sharks
Smallspotted catshark
Nursehound
Starry smooth hound
Picked dogfish
Rays
Thornback ray
Spotted Ray
Cuckoo ray
Blonde ray

NA
0.0022
0.0045
0.0020
0.0010
NA
0.0041
0.0044
0.0036
0.0028

NA
3.1220
3.0155
3.0790
3.2080
NA
3.1172
3.0963
3.1396
3.2495

NA
87.40
173.40
123.50
121.00
NA
131.00
97.80
91.60
118.00

NA
2.53
25.41
5.51
4.80
NA
16.32
6.40
5.20
15.13

NA
0.12
0.08
0.15
0.07
NA
0.10
0.15
0.11
0.19

4.01*
4.20
2.85
3.69
3.78
3.28*
3.07
3.60
3.73
3.11

8

Atlantic cod (mature)

0.0106

3.0000

112.00

14.89

0.16

3.12

9

Atlantic cod (imature)

0.0106

3.0000

-

-

0.16

6.24

10 Whiting (mature)

0.0116

2.8810

42.70

0.58

0.34

5.39

11 Whiting (imature)

0.0116

2.8810

-

-

0.34

10.78

12 Haddock (mature)

0.0113

2.9600

58.10

1.88

0.29

4.42

13 Haddock (imature)

0.0113

2.9600

-

-

0.29

8.84

14 European plaice (mature)

0.0167

2.8631

81.60

4.97

0.13

3.75

15 European plaice (imature)

0.0167

2.8631

-

-

0.13

7.51

16 Common sole

0.0077

3.0717

35.80

0.46

0.41

5.61

17 Flatfish
Common dab
Solenette
Scaldfish
Lemon sole
Thickback sole
Witch flounder
Brill
European flounder
Turbot
18 Monkfish
19 European hake

NA
0.0160
0.0255
0.0206
0.0106
0.0208
0.0035
0.0195
0.0244
0.0149
0.0225
0.0062

NA
2.8756
2.6917
2.6800
3.0419
2.8221
3.2079
2.9179
2.7853
3.0791
2.9014
3.0369

NA
35.00
13.30
17.30
50.00
20.70
60.50
40.20
44.90
54.60
132.00
80.60

NA
0.44
0.03
0.04
1.56
0.11
1.82
0.94
0.98
3.33
31.98
3.82

NA
0.27
0.48
0.26
0.16
0.37
0.10
0.49
0.27
0.31
0.11
0.07

6.07*
5.64
9.02
8.34
4.56
7.15
4.45
4.97
4.94
4.02
2.75
3.92

20 Sandeels

NA

NA

NA
Silva et al. (2013); Irish and Celtic Seas (NWGFS)
Silva et al. (2013); British Isles
Silva et al. (2013); Adriatic: Pallaoro et al. (2005)
Silva et al. (2013); British Isles
NA
Silva et al. (2013): Irish and Celtic Seas (NWGFS)
Silva et al. (2013): Irish and Celtic Seas (NWGFS)
Silva et al. (2013): Irish and Celtic Seas (Q4SWIBTS)
Silva et al. (2013): Irish and Celtic Seas (Q4SWIBTS)
Silva et al. (2013): Irish and Celtic Seas
(NWGFS)
Silva et al. (2013): Irish and Celtic Seas
(NWGFS)
Silva et al. (2013): Irish and Celtic Seas
(Q4SWIBTS)
Silva et al. (2013): Irish and Celtic Seas
(Q4SWIBTS)
Silva et al. (2013): Irish and Celtic Seas
(Q4SWIBTS)
Silva et al. (2013): Irish and Celtic Seas
(Q4SWIBTS)
Silva et al. (2013): Irish and Celtic Seas
(NWGFS)
Silva et al. (2013): Irish and Celtic Seas
(NWGFS)
Silva et al. (2013): Irish and Celtic Seas
(NWGFS)
NA
Silva et al. (2013): Irish and Celtic Seas (NWGFS)
Silva et al. (2013): Irish and Celtic Seas (NWGFS)
Silva et al. (2013): Irish and Celtic Seas (NWGFS)
Silva et al. (2013): British Isles
Silva et al. (2013): Irish and Celtic Seas (NWGFS)
Silva et al. (2013): Irish and Celtic Seas (NWGFS)
Silva et al. (2013): Irish and Celtic Seas (NWGFS)
Silva et al. (2013): British Isles
Silva et al. (2013): British Isles
Silva et al. (2013): Irish and Celtic Seas
Silva et al. (2013): Irish and Celtic Seas
NA

NA

NA

NA

8.21*

0.0087

2.6262

Silva et al. (2013): British Isles

29.80

0.06

0.40

7.78

Lesser sandeel
21 Gurnards and dragonets
Common dragonet
Tub gurnard
Grey gurnard
Red gurnard
22 Other demersal fish
Saithe
Pollack
Lesser weever
Greater weever
Shorthorn sculpin
European conger eel
John dory
Common ling
Hooknose
European seabass
23 Benthopelagic fish
Poor cod
Pouting(=Bib)
Norway pout

0.0098
NA
0.0187
0.0116
0.0094
0.0108
NA
0.0085
0.0104
0.0070
0.0087
0.0273
0.0002
0.0399
0.0039
0.0275
0.0103
NA
0.0103
0.0305
0.0083

2.5600
NA
2.7169
2.9643
2.9505
2.9705
NA
3.0242
2.9720
3.2073
2.9231
2.8524
3.5789
2.7536
3.0740
2.5208
3.0047
NA
3.0187
2.7204
3.0059

19.70
NA
25.00
65.00
35.00
40.90
NA
101.00
101.00
15.90
55.10
62.20
265.00
69.30
141.00
15.00
65.90
NA
20.00
41.00
22.60

0.02
NA
0.12
2.74
0.34
0.66
NA
9.79
9.42
0.05
1.07
3.57
94.10
4.67
15.77
0.03
3.01
NA
0.09
0.74
0.10

0.71
NA
0.43
0.15
0.47
0.24
NA
0.20
0.20
0.60
0.60
0.34
0.06
0.15
0.14
0.48
0.22
NA
0.51
0.59
0.51

9.47
5.61*
7.04
4.15
5.90
5.27
4.32*
3.35
3.37
8.13
4.86
3.97
2.29
3.79
3.09
9.11
4.09
7.38*
7.41
5.17
7.27

24 Atlantic herring

0.0037

3.2200

28.30

0.17

0.41

6.59

25 European sprat

0.0059

3.0974

13.20

0.02

0.54

9.70

26 Other pelagic fish
Atlantic horse mackerel
Anchovy
Atlantic mackerel
Blue whiting
27 Anadromous fish
Seatrout
Atlantic salmon

NA
0.0100
0.0050
0.0037
0.0073
NA
0.0142
0.0274

NA
2.9722
3.1072
3.2265
2.9629
NA
2.9557
2.7802

Silva et al. (2013): Portugal: Veiga et al. (2009)
NA
Silva et al. (2013): Irish and Celtic Seas (NWGFS)
Silva et al. (2013): Irish and Celtic Seas (Q4SWIBTS)
Silva et al. (2013): Irish and Celtic Seas (Q4SWIBTS)
Silva et al. (2013): Irish and Celtic Seas (NWGFS)
NA
Silva et al. (2013): North Sea (IBTS3E survey)
Fishbase
Silva et al. (2013): Irish and Celtic Seas (Q4SWIBTS)
Silva et al. (2013): British Isles
Silva et al. (2013): British Isles
Silva et al. (2013): British Isles
Silva et al. (2013): British Isles
Fishbase
Silva et al. (2013): Irish and Celtic Seas (NWGFS)
Silva et al. (2013): British Isles
NA
Silva et al. (2013): Irish and Celtic Seas (NWGFS)
Silva et al. (2013): Irish and Celtic Seas (Q4SWIBTS)
Silva et al. (2013): Irish and Celtic Seas (Q4SWIBTS)
Silva et al. (2013): Irish and Celtic Seas
(Q4SWIBTS)
Silva et al. (2013): Irish and Celtic Seas
(Q4SWIBTS)
NA
Silva et al. (2013): Irish and Celtic Seas (Q4SWIBTS)
Silva et al. (2013); British Isles
Silva et al. (2013): Irish and Celtic Seas (Q4SWIBTS)
Silva et al. (2013): Irish and Celtic Seas (Q4SWIBTS)
NA
Silva et al. (2013): British Isles
Silva et al. (2013): British Isles

NA
49.10
20.00
47.30
36.00
NA
98.80
120.00

NA
1.06
0.06
0.94
0.30
NA
11.17
16.53

NA
0.14
0.40
0.26
0.28
NA
0.22
0.44

5.36*
4.87
8.00
4.97
6.02
3.17*
3.28
3.07

7

Greater sandeel
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1.4.3.8

FG6: Sharks
Sharks species found in the Irish Sea include smallspotted catshark
(Scyliorhinus canicula), nursehound (Scyliorhinus stellaris), starry
smooth hound (Mustelus asterias) and spurdog (Squalus acanthias).

The area-based biomass estimates for these species were generated using averaged BTS-VIIa data
(1993-2015) and were 0.27 t.km-2, 0.013 t.km-2, 0.0058 t.km-2 and 0.00032 t.km-2 respectively giving a
combined biomass of 0.29 t.km-2. For many functional groups data is not available for 1973, therefore
the biomass in 1973 may be different than the biomass estimated here. The base model is therefore
built using average estimates from the survey data. The uncertainty surrounding these average
estimates is later incorporated through Monte Carlo routines, wherein all plausible biomass estimates
are tested in the model to determine which combinations lead to the production of biomass and catch
trends which best reflect observed data.

ICES catch statistics reported area-based landings of 0.021 t.km-2 for this group in 1973. Estimates for
𝐹 and 𝑀 were used to calculate a 𝑃/𝐵 of 0.25. Cefas fish stomach records were used to generate a
biomass weighted diet for sharks. Diet records suggest that benthopelagic fish, pelagic fish and flatfish
constitute over 50% of sharks diet.

1.4.3.9

FG7: Rays
Rays represent one of the most vulnerable components of the fish community
in temperate demersal fisheries such as the Irish Sea and also tend to be data
poor (Dedman et al., 2015). The initial intention for this model was to assign

thornback ray (Raja clavata), spotted ray (Raja montagui), cuckoo ray (Leucoraja naevus) and blonde
ray (Raja brachyuran) to their own functional groups. Since spatial management has been suggested as
an important tool in protecting these species (Dedman et al., 2015) this would allow this aspect to be
investigated. However, the data is not of high enough quantity or quality to model these species
independently from 1973. In more recent years (2010 onwards) landings data have been recorded to
individual ray species but prior to this landings were recorded as a generic rays group. It may therefore
be possible to model species distributions at a later stage using a 2010 snapshot of the fully formed
Irish Sea model. However, for the construction of a 1973 model, ray species have been amalgamated
into a ‘Rays’ functional group.

Area-based biomass estimates for thornback, spotted, cuckoo and blonde rays were calculated to be
0.062 t.km-2, 0.025 t.km-2, 0.015 t.km-2 and 0.01 t.km-2 respectively using 1993-2015 average BTS-VIIa
estimates. The total group area-based biomass was estimated to have been 0.112 t.km-2. No landings
22
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were recorded for individual species in 1973 however 4265 t were landed under the allocation of ‘Raja
rays nei’. The landings for rays was therefore estimated to have been 0.074 t.km-2, generating an 𝐹 of
0.66, which when added to the groups biomass prorated 𝑀 generates a 𝑃/𝐵 estimate of 0.85 year-1.
The plausible diet ranges for rays were calculated using the Cefas fish stomach records and prorated by
biomass contribution. Rays showed a strong preference for Nephrops and epifauna but were found to
consume a wide range of prey including bony fish such as cod, herring, sandeels and flatfish and other
invertebrates such as cephalopods and zooplankton.
1.4.3.10 FG8: Atlantic cod 2+ and FG9: Atlantic cod 0-1
Atlantic cod (Gadus morhua) were split into 2 functional groups: mature
(age 2+) and immature (age 0-1) as per ICES (2016b). Irish Sea cod
spawning stock biomass was reported to be 19,653 t in 1973 (ICES, 2017b).
Mature cod area-based biomass was therefore estimated to be 0.339 t.km2

. Area-based biomass landings for mature cod (FG8) in 1973 were estimated to be 0.2 t.km-2 by ICES

WKIrish (ICES, 2017a). 𝑃/𝐵 was estimated to be 0.82 year-1. Cefas fish stomach data includes the
predator length data therefore the diet of cod was partitioned into mature and immature diets using a
length at maturity (𝐿𝑚𝑎𝑡) value of 57.8 cm which was calculated based on the maximum length of cod
from the BTS-VIIa data (80 cm). Mature cod diet includes a large range of prey species with a preference
for whiting, Nephrops, flatfish, haddock and gurnards and dragonets.
Biomass for immature cod (FG9) was calculated by multiplying estimated stock numbers of age 1 cod
by their mean annual weight (ICES, 2014). Area-based biomass for immature cod was estimated to be
0.081 t.km-2 in 1973. Landings of immature cod were calculated by multiplying the reported number
caught by their weight at age 1 (ICES, 2017a). Landings of immature cod in 1973 are estimated to have
been 0.024 t.km-2. An estimate of 0.714 for 𝑀 was taken from the WKIrish single species model (ICES,
2017a) which used the Lorenzen relationship (Lorenzen, 1996). 𝑃/𝐵 was calculated to be 1.01 year-1.
When implementing stanzas in Ecopath, the 𝑄/𝐵 of the leading stanza (in this case Atlantic cod 2+)
determines the 𝑄/𝐵 of the non-leading stanza under the assumption that feeding rates vary with age
as the 2/3 power of body weight (a “hidden” assumption in the von Bertalanffy growth model). The diet
for immature cod was built using the Cefas fish stomach records, wherein the diet of cod was
partitioned and immature cod was assigned the records of all fish below 𝐿𝑚𝑎𝑡 (57.8 cm). Like mature
cod, immature cod have a wide range of prey items however they show preference for sandeels,
flatfish, cephalopods and Nephrops.
Splitting species into stanzas enables the model to represent the ontogenetic differences between
adults and juveniles within the model structure. Unfortunately, not enough information is available for
all commercially important species so this approach was only applied to the main gadoid species caught
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in the Irish Sea. Whilst dependent on mesh sizes and the fisheries in question, adults are generally
subject to higher catches and fishing mortalities whilst juveniles tend to experience higher natural
mortality, have different consumption rates, diets and predation pressures. Ecopath requires the von
Bertalanffy growth rate (𝐾; Table 4) and weight at maturity/weight at infinity (𝑊𝑚𝑎𝑡/𝑊∞) to link
mature cod (leading group) to immature cod. The 𝑊𝑚𝑎𝑡 for Atlantic cod was calculated to be 2.047 kg
using an 𝐿𝑚𝑎𝑡 of 57.8 cm (Thorpe, Cefas, pers. Comm.). 𝑊𝑚𝑎𝑡/𝑊∞ is therefore calculated to be
0.137.
1.4.3.11 FG10: Whiting 2+ and FG11: Whiting 0-1
Whiting (Merlangius merlangus) were split into 2 functional groups:
mature (age 2+) and immature (age 0-1) as per ICES (2016b). The spawning
stock biomass of whiting in 1980 was estimated at 32,480 t (ICES, 2017b).
Mature whiting (FG10) area-based biomass was therefore estimated to
have been 0.56 t.km-2. Landings for mature whiting in 1973 were calculated using catch numbers and
weight data (ICES, 2017a), providing an estimated total landings of 0.15 t.km-2. The estimated 𝑃/𝐵 for
mature whiting is therefore 0.762 year -1. Using Cefas stomach records, the diet of whiting was
partitioned into mature and immature components using an 𝐿𝑚𝑎𝑡 value of 25.1 cm based on the
maximum length of haddock from the BTS-VIIa data (42 cm). The diet of mature whiting consists
primarily of pelagic fish, benthopelagic fish and whiting.
Biomass for immature whiting (FG11) was calculated as the total stock biomass minus the spawning
stock biomass from 1980 (ICES, 2017b). Area-based biomass for immature whiting was estimated to be
0.49 t.km-2. Landings of immature whiting were calculated by multiplying the number caught by their
weight (ICES, 2017a). Landings of immature whiting in 1973 are estimated to have been 0.031 t.km-2.
An estimate for 𝑀 was taken from the WKIrish model input (ICES, 2017a). 𝑃/𝐵 is calculated to be 1.14
year-1. The diet for immature whiting was built using the Cefas fish stomach records for whiting below
𝐿𝑚𝑎𝑡 (25.1 cm). The diet of immature whiting consists primarily of sprat, benthic invertebrates, prawns
and shrimp and benthopelagic fish.
Whiting 2+ and Whiting 1 were linked via a multi-stanza connection using a 𝑊𝑚𝑎𝑡 estimate of 0.128
kg based on an 𝐿𝑚𝑎𝑡 of 25.1 cm. 𝑊𝑚𝑎𝑡/𝑊∞ was therefore calculated to be 0.221.
1.4.3.12 FG12: Haddock 2+ and FG13: Haddock 0-1
Haddock (Melanogrammus aeglefinus) were split into 2 functional
groups: mature (age 2+) and immature (age 0-1) as per ICES (2016b).
Stock assessments for Irish Sea haddock have only been conducted by
ICES since 1993. The average spawning stock biomass from 1993-2016 was 4,965 t in 1973 (ICES,
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2017b). Area-based biomass for mature haddock was therefore estimated to be 0.086 t.km-2. ICES
report 0.041 tkm-2 of landings for adult haddock in 1973. A 𝑃/𝐵 of 0.89 year-1 was estimated for adult
haddock. Using Cefas stomach records, the diet of haddock was partitioned into mature and immature
diets using a length at maturity (𝐿𝑚𝑎𝑡) value of 37.1 cm based on the maximum length of haddock
from the BTS-VIIa data (65 cm). The diet of mature haddock consists primarily of benthic invertebrates
and Nephrops.
Biomass for immature haddock was calculated by multiplying estimated stock numbers of age 0-1
haddock by their mean annual weight (ICES, 2016c). Area-based biomass for immature haddock was
estimated to be 0.012 t.km-2, the average weight from 1993-2016. Landings data for haddock in 1973
are only reported as total landings and therefore there is no estimate for age 0-1 haddock. We therefore
assume 𝑃/𝐵 to be equal to 𝑀. An estimate of 2.44 for 𝑀 was taken from the WKIrish model input (ICES,
2017a) which used the Lorenzen relationship (Lorenzen, 1996). The diet for immature haddock was
built using the Cefas fish stomach records for fish below Lmat (37.1 cm). The diet of immature haddock
consists primarily of benthic invertebrates.
The multi-stanza for haddock was parameterised using an 𝐿𝑚𝑎𝑡 of 32.1 cm (Thorpe, Cefas, pers.
Comm.) to empirically calculate a 𝑊𝑚𝑎𝑡 of 0.325 kg. 𝑊𝑚𝑎𝑡/𝑊∞ was therefore calculated to be 0.173.
1.4.3.13 FG14: European plaice 2+ and FG15: European Plaice 0-1
European plaice (Pleuronectes platessa) were split into 2 functional
groups: mature (age 2+) and immature (age 0-1) as per ICES (2016b). An
ICES stock assessment for plaice is available for 1973 where the biomass
for mature plaice was estimated to be 9015 t assuming maturity above
age 2 (ICES, 2010b). Mature plaice biomass was therefore estimated to be 0.155 t.km-2. Landings for
mature plaice in 1973 were calculated to be 0.087 t.km-2 using catch numbers and weight data for 1973
(ICES, 2016c).The 𝑃/𝐵 for mature plaice is therefore estimated to have been 0.79 year -1. Using Cefas
stomach records, the diet of plaice was partitioned into mature and immature diets using a length at
maturity (𝐿𝑚𝑎𝑡) value of 36.1 cm based on the maximum length of plaice from the BTS-VIIa data (63
cm). The diet of mature plaice diet consists primarily of benthic invertebrates, discards (Nephrops) and
sandeels.
Biomass for immature plaice was calculated by multiplying estimated stock numbers of age 1 by their
mean annual weight (ICES, 2010b). Area-based biomass for immature plaice was estimated to be
0.003016 t.km-2 in 1973. Landings data indicate 0 t for age 1 plaice in 1973 (ICES, 2016c) therefore the
P/B was assumed to be double that of adult plaice (1.38 year-1). The diet for immature plaice was built
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using the Cefas fish stomach records for fish below 𝐿𝑚𝑎𝑡 (36.1 cm). The diet of immature plaice consists
primarily of benthic invertebrates, discards (Nephrops) and sandeels.
The European plaice multi-stanza group uses a 𝑊𝑚𝑎𝑡/𝑊∞ of 0.165 based on a 𝑊𝑚𝑎𝑡 estimate of
0.820 kg, calculated under the assumption of an 𝐿𝑚𝑎𝑡 of 43.5 cm (Thorpe, Cefas, pers. Comm.).
1.4.3.14 FG16: Common sole
An ICES stock assessment for common sole (Solea solea) is available for 1973
where total stock biomass was estimated to be 6,554 t. Area-based biomass was
therefore estimated to be 0.113 t.km-2. ICES catch statistics estimate landings of
0.025 t.km-2 for sole in 1973. The 𝑃/𝐵 value for common sole was estimated to be 0.81 year-1. Based
on Cefas fish stomach records the diet of common sole is exclusively benthic invertebrates.
1.4.3.15 FG17: Flatfish
The biomass for flatfish was calculated using BTS-VIIa species average estimates
from 1993-2015. The species which contribute the greatest biomass to this
functional group include common dab (Limanda limanda; 0.33 t.km-2),
solenette (Buglossidium luteum; 0.054 t.km-2), scaldfish (Arnoglossus laterna; 0.018 t.km-2), lemon sole
(Microstomus kitt; 0.017 t.km-2), thickback sole (Microchirus variegatus; 0.015 t.km-2), witch
(Glyptocephalus cynoglossus; 0.013 t.km-2), brill (Scophthalmus rhombus; 0.011 t.km-2), European
flounder (Platichthys flesus; 0.0076 t.km-2) and turbot (Scophthalmus maximus; 0.0049 t.km-2). The total
group biomass is estimated to have been 0.47 t.km-2. The combined landings for these species in 1973
was 696 t giving an area-based estimate of 0.012 t.km-2. An estimate of 0.52 year-1 was used for
flatfish 𝑃/𝐵. Cefas fish stomach records were used to generate a biomass weighted diet for this group
showing that flatfish take a large variety of prey, with a preference for benthic invertebrates and
gelatinous zooplankton.
1.4.3.16 FG18: Monkfish
Monkfish (Lophius piscatorius) biomass is estimated to have been 0.032 t.km2

using the mean value recorded by the BTS-VIIa from 1993-2015. ICES

landings statistics estimate landings of 638 t giving an area-based estimate
of 0.011 t.km-2 in 1973. Based on the calculated fishing and assumed natural
mortality, a 𝑃/𝐵 of 0.49 year-1 was used in the model. Based on Cefas stomach data monkfish show a
general preference for bony fish, predominantly whiting, flatfish and herring.
1.4.3.17 FG19: European hake
Based on BTS-VIIa and NIGFS data the mean area-based biomass of hake
in the Irish Sea is 0.0028 t.km-2 and 0.004 t.km-2 respectively. ICES landings
statistics indicate that 2088 t of European hake (Merluccius merluccius)
26

Chapter 1: Basic input parameters

was landed in 1973, equivalent to an area based estimate of 0.036 t.km-2. These landing estimates
exceed the total biomass estimates suggesting that hake may be under-represented in the trawl
surveys. Applying a biomass estimate within this range would lead to a fishing mortality greater than 1,
therefore in this case biomass and 𝑃/𝐵 were left to be estimated by the model using a 𝑃/𝑄 of 0.25 and
an ecotrophic efficiency (𝐸𝐸) of 0.95. Cefas diet records indicate that the diet of hake consists of
herring, whiting, haddock, benthopelagic fish and other pelagic fish.
1.4.3.18 FG20: Sandeels
Greater sandeel (Hyperoplus lanceolatus) and lesser sandeel (Ammodytes
tobianus) biomass appeared underrepresented in the BTS-VIIa (0.000003 t.km2

) and NIGFS (0.002 t.km-2) survey data in comparison to the Lees and

Mackinson (2007) Irish Sea model (1.3 t.km-2). This is potentially due to low catchability of sandeels with
the selected gears (Sparholt, 1990). The area-based biomass estimate of 1.3 t.km-2 for sandeels was
therefore used. No landings were reported for sandeels in 1973 therefore the 𝑃/𝐵 for sandeels was
assumed to be equal to the biomass weighted 𝑀 which was calculated as 0.71 year-1. Cefas fish stomach
records suggest that epifauna, sandeels and small zooplankton are the preferred prey of sandeels.
1.4.3.19 FG21: Gurnards and dragonets
The biomass for gurnards and dragonets was calculated using NIGFS species
average estimates from 2008-2016. The species which contribute the
greatest area-based biomasses to the group include grey gurnard (Eutrigla
gurnardus; 0.15 t.km-2), red gurnard (Aspitrigla cuculus; 0.13 t.km-2), common dragonet (Callionymus
lyra; 0.032 t.km-2) and tub gurnard (Trigla lucerna; 0.032 t.km-2). The total group biomass is estimated
to have been 0.34 t.km-2. The combined ICES reported landings for these species in 1973 are 0.0014
t.km-2. An estimate of 0.52 year-1 was used for the 𝑃/𝐵 of gurnards and dragonets. Cefas fish stomach
records indicate that this group takes a large variety of prey but with a preference for zooplankton,
smaller gurnards and dragonets, cephalopods, benthic invertebrates, benthopelagic fish and pelagic
fish.
1.4.3.20 FG22: Other demersal fish
The biomass for demersal fish was calculated using BTS-VIIa species
average estimates from 1993-2015. Demersal fish is composed of saithe
(Pollachius virens; 0.0061 t.km-2), pollack (Pollachius pollachius 0.048 t.km-2), lesser weever (Echiichthys
vipera; 0.013 t.km-2), shorthorn sculpin (Myoxocephalus scorpius; 0.006 t.km-2), European conger eel
(Conger conger; 0.005 t.km-2), John Dory (Zeus faber; 0.0024 t.km-2), greater weever (Trachinus draco;
0.0019 t.km-2), common ling (Molva molva; 0.001 t.km-2), hooknose (Agonus cataphractus; 0.0041 t.km2

) and European seabass (Dicentrarchus labrax). Biomass estimates for seabass were obtained from
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SURBA model outputs (ICES, 2003) for ICES areas VIIa, f and g, which estimate a biomass of 745 t in
1985. Area-based biomass for seabass was therefore calculated to be 0.0128 t.km-2. The total biomass
of the FG22 group is therefore 0.1 t.km-2. The combined landings for these species in 1973 as reported
in ICES statistics were 3132 t, equivalent to an area-based estimate of 0.054 t.km-2. Demersal fish 𝑃/𝐵
was estimated to be 0.94 year-1. Cefas fish stomach records show demersal fish to have large variety of
prey, with a preference for whiting, benthopelagic fish, herring, pelagic fish and flatfish.
1.4.3.21 FG23: Other benthopelagic fish
The biomass for benthopelagic fish was calculated using NIGFS species average
estimates from 2008-2016. The dominant species include Norway pout
(Trisopterus esmarkii; 0.15 t.km-2), poor cod (Trisopterus minutus; 0.043 t.km2

), and pouting (bib) (Trisopterus luscus; 0.0062 t.km-2). The total group biomass is estimated to have

been 0.2 t.km-2. The combined catches for these species in 1973, as reported in ICES catch statistics,
were 0.0019 t.km-2. Trisopterus spp. 𝑃/𝐵 was estimated to be 0.79 year-1. Cefas fish stomach records
show group FG23 to have a preference for forage fish (sandeels and sprat), benthic invertebrates and
seaweed.
1.4.3.22 FG24: Atlantic herring
There is an ICES stock assessment available for Atlantic herring (Clupea
harengus) for 1973 where the biomass, is estimated to have been 31,891 t. The
area-based biomass was therefore estimated to be 0.55 t.km-2. Official landings of herring were
reported to be 23,000 t in 1973 leading to an area-based estimate of 0.40 t.km-2. The 𝑃/𝐵 value for this
group was calculated to be 1.36 year-1. Based on Cefas fish stomach records the diet of herring shows
a strong preference for shrimp and large zooplankton.
1.4.3.23 FG25: European sprat
There is a lack of historical formal stock assessments for European sprat
(Sprattus sprattus) in the Irish Sea but biomasses have been estimated in recent
years from acoustic data collected during the annual Agri-Food and Biosciences Institute (AFBI) herring
survey (ICES, 2016a). Using estimates from 1993-2015, sprat biomass was calculated to be 3.41 t.km-2
. Landings of sprat in 1973 were reported to be 5336 t yielding and area-based estimate of 0.092 t.km2

. A 𝑃/𝐵 ratio of 0.96 year-1 is estimated for European sprat. Cefas fish stomach records suggest that

large and small zooplankton are the preferred prey of sprat.
1.4.3.24 FG26: Other pelagic fish
The biomass for other pelagic fish was calculated using NIGFS species average
estimates from 2008-2016. Whilst it is unlikely that this trawl survey provides
accurate biomass estimates for species residing mainly in the water column, it does provide a general
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overview of the composition of the community. The dominant species in FG26 include Atlantic mackerel
(Scomber scombrus; 0.0802 t.km-2), blue whiting (Micromesistius poutassou; 0.033 t.km-2), Atlantic
horse mackerel (Trachurus trachurus; 0.0055 t.km-2) and European anchovy (Engraulis encrasicolus;
0.0025 t.km-2). The total group biomass is estimated to have been 0.122 t.km-2. The reported combined
landings for these species in 1973were 1276 t giving an area-based estimate of 0.022 t.km-2. Pelagic
fish 𝑃/𝐵 was estimated to be 0.65 year-1. Cefas fish stomach records show this group has a dietary
preference for shrimp, zooplankton and smaller pelagic fish.
1.4.3.25 FG27: Anadromous fish
The anadromous fish group includes seatrout (Salmo trutta) and Atlantic
salmon (Salmo salar). The biomass estimate used for Salmo spp. was taken
from the balanced Lees and Mackinson (2007) model which used advice from several experts to
estimate an area-based biomass of 0.03 t.km-2. The combined landings for these species in 1973 were
481 t giving an area-based estimate of 0.0083 t.km-2. 𝑃/𝐵 was estimated to be 0.644 year-1 for
anadromous fish. Cefas fish stomach records show this group has a dietary preference for sandeels,
zooplankton, sprat and herring.

1.4.4 Invertebrates
1.4.4.1

FG28: Lobsters and large crabs
The lobsters and large crabs group consists of edible crab (Cancer pagurus),
European lobster (Homarus gammarus) and spinous spider crab (Maja squinado).
An average biomass estimate of 0.24 t.km-2 was estimated using BTS-VIIa data and

catchability estimates derived from Kaiser et al. (1994), who estimated upper and lower limits to be
0.35 and 0.05 respectively (Table 9). The combined catch of lobsters and large crabs in 1973 was 423 t
giving an area-based estimate of 0.0073 t.km-2. The 𝑃/𝐵 ratio for lobsters and large crabs was
estimated to be 0.62 year-1 using an empirical model for marine benthos (Tumbiolo and Downing, 1994)
(Equation 13).
𝐿𝑜𝑔𝑃 = 0.24 + 0.96𝐿𝑜𝑔𝐵 − 0.21𝐿𝑜𝑔𝑊𝑚 + 0.03𝑇 − 0.16𝐿𝑜𝑔(𝐷 + 1)

(13)

where 𝐵 is the biomass of the functional group, 𝑊𝑚 is the maximum body mass, 𝑇 is surface
temperature and 𝐷 is depth. 𝑄/𝐵 was estimated by the model by providing a production/consumption
(𝑃/𝑄) ratio of 0.15 (Christensen, 1995). The diet of lobsters and large crabs is based on the generic diet
of benthic crabs (Brey, 2001) and reports on the diets of European lobsters (Barker and Gibson, 1977)
and spider crabs (Bernárdez et al., 2000). The diet, prorated by contributing predator biomass, consists
mainly of benthic invertebrates such as bivalves and smaller crustaceans, shrimps, seaweed, discards,
detritus and lobsters and large crabs.
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Table 9. Biomass estimates for invertebrate groups in the Ecopath model of the Irish Sea. Original biomass
estimates are taken from the Cefas Irish Sea Beam Trawl Survey (BTS). Upper (0.35) and lower (0.05) catchability
estimates taken from Kaiser et al. (1994) were used to generate average biomass estimates of invertebrates in the
Irish Sea.

1.4.4.2

-2

Biomass t.km
(0.35)

-2

Average

Biomass t.km -2

Biomass t.km
(0.05)

Lobs ters a nd l a rg e cra bs

0.02116

0.42325

0.06046

0.24186

Edible crab

0.02026

0.40510

0.05787

0.23149

European lobster

0.00091

0.01815

0.00259

0.01037

Spidercrabs

0.01425

0.28495

0.04071

0.16283

N ephrops

0.02260

0.45200

0.06457

0.25829

Shri m p

0.00013

0.00261

0.00037

0.00149

Pink shrimp

0.00007

0.00131

0.00019

0.00075

Brown shrimp

0.00006

0.00130

0.00019

0.00074

Cepha l opods

0.00971

0.19421

0.02774

0.11098

Octopus

0.00640

0.12796

0.01828

0.07312

Long-finned squid

0.00160

0.03207

0.00458

0.01833

Bobtail squid

0.00118

0.02364

0.00338

0.01351

Common Cuttlefish

0.00024

0.00481

0.00069

0.00275

European squid

0.00029

0.00573

0.00082

0.00327

Epi f a una

0.12707

2.54145

0.36306

1.45226

Common starfish

0.07304

1.46082

0.20869

0.83476

Common whelk

0.00696

0.13916

0.01988

0.07952

Brittle star

0.00425

0.08509

0.01216

0.04862

Sand sea star

0.00296

0.05911

0.00844

0.03378

Hermit crabs

0.00217

0.04339

0.00620

0.02480

Swimming crab

0.00207

0.04146

0.00592

0.02369

Sea urchins

0.02336

0.46712

0.06673

0.26693

Dead man's fingers

0.00842

0.16838

0.02405

0.09622

Bryozoan

0.00370

0.07402

0.01057

0.04230

Common mussel

0.00014

0.00289

0.00041

0.00165

Inf a una

0.00144

0.02886

0.00412

0.01649

Polychaetes

0.00144

0.02886

0.00412

0.01649

Sca l l ops

0.02479

0.49576

0.17672

0.28329

Queen scallop

0.01718

0.34369

0.04910

0.19640

Great scallop

0.00760

0.15206

0.02172

0.08689

Functional group

biomass t.km -2

FG29: Nephrops
The area-based biomass of Nephrops (Nephrops norvegicus) was
estimated to be 0.26 t.km-2 using BTS data and catchability estimates
(Kaiser et al., 1994). Reported landings in 1973 were 5,800 t giving an
area-based estimate of 0.1 t.km-2 .Therefore F was estimated to be 0.4

and 𝑃/𝐵 estimated to be 1.27 year-1 using Equation 8. The 𝑄/𝐵 ratio was estimated using a 𝑃/𝑄
estimate of 0.15. The diet of Nephrops was taken from Cristo and Cartes (1998) which compared the
diets of Mediterranean and Atlantic Nephrops. The diet of the Atlantic group was used and contained
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mainly non-carnivorous benthic invertebrates, discarded fish and nephrops, cephalopods, zooplankton
and shrimp.
1.4.4.3

FG30: Shrimp
The shrimp functional group is primarily composed of pink shrimp (Pandalus
montagui) and brown shrimp (Crangon crangon). Biomass estimates for this group
were unavailable therefore the model was left to estimate a biomass assuming an

ecotrophic efficiency (𝐸𝐸) of 0.95 under the assumption that our model should explain the majority of
shrimp mortality. Reported landings of this group were 7 t in 1973 giving an area-based estimate of
0.00012 t.km-2. The 𝑃/𝐵 ratio for prawns and shrimp in the Irish Sea is estimated to be 2.67 year-1 using
Equation 8. The 𝑄/𝐵 ratio was left for the model to estimate using a 𝑃/𝑄 of 0.15. The modelled diet of
brown shrimp originates from data collected between 1995-1998 in Port Erin Bay, Isle of Man (Oh et
al., 2001) and the diet for pink shrimp was taken from a 1970 FAO synopsis on the biology of Pandalus
montagui (Simpson et al., 1970). The diet of this group consists primarily of large and small zooplankton,
phytoplankton and non-carnivorous benthic invertebrates.
1.4.4.4

FG31: Cephalopods
The cephalopod functional group is composed of long-finned squid (Loligo
forbesi), horned octopus (Eledone cirrhosa), European squid (Loligo vulgaris),
bobtail squid (Rossia macrosoma) and common cuttlefish (Sepia officinalis). The
estimated biomass of cephalopods in the Irish Sea, using BTS data and catchability
estimates, was 0.11 t.km-2. Landings of this group in 1973 were reported to be 110

t giving an area-based estimate of 0.0019 t.km-2. 𝑃/𝐵 was estimated to be 0.85 t.km-2 using Equation
8. Ecopath models of the Irish Sea (Lees and Mackinson, 2007) and West Coast of Scotland (Serpetti et
al., 2017) have used 𝑄/𝐵 estimates of 15 year-1 for cephalopods. Because little information is available
regarding cephalopod consumption rates in the Irish Sea the value of 15 year-1 was adopted. The diet
for this group was constructed using data collected from Scottish and Irish waters between 1990 and
1993 (Collins and Pierce, 1996, Pierce et al., 1994). The diet is dominated by herring, benthic
invertebrates, large crabs and lobsters, pelagic fish, whiting, sandeels, benthopelagic fish (Trisopterus
sp.), gurnards, dragonets and cannibalism.
1.4.4.5

FG32: Scallops
The two key species included in the this functional group are queen scallops
(Aequipecten opercularis) and great (king) scallops (Pecten maximus). The area
based biomass of scallops in the Irish Sea is estimated to have been 0.28 t.km-2 based

on BTS data and catchability estimates (Kaiser et al., 1994). Landings in 1973 were reported to be 13,340
t giving an area-based estimate of 0.23 t.km-2. 𝑃/𝐵 was estimated to be 1.15 year-1 using an empirical
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model for the 𝑃/𝐵 of marine benthos (Tumbiolo and Downing, 1994) (Equation 13). 𝑄/𝐵 was estimated
using a 𝑃/𝑄 of 0.15. The diet of scallops was taken from the West Coast of Scotland (WCofS) model
(Serpetti et al., 2017) as there is little literature on the diet of scallops in the Irish Sea. 50% of their diet
was assigned to phytoplankton and 50% to detritus.
1.4.4.6

FG33: Epifauna
The key species included in the epifaunal functional group were taken
from the BTS-VIIa and ICES landings. The data from the BTS alone is unlikely
to capture the full biodiversity of the epifaunal communities in the Irish

Sea due to low catchability. For this reason, species which have been recorded in the ICES landings
database, yet were not present in BTS records, were also included. It is likely that catch time series will
act as a stronger validation driver over time than biomass, therefore it is important that the key species
which have been historically landed are identified within the group. The epifauna functional group is
composed of common starfish (Asterias rubens), common whelk (Buccinum undatum), brittle stars
(Ophiuroidea), hermit crabs (Paguroidea), European edible sea urchin (Echinus esculentus), dead man’s
fingers (Alcyonium digitatum), common mussel (Mytilus edulis), velvet swimming crab (Necora puber)
and common periwinkle (Littorina littorea). Using species with available BTS data and catchability
estimates (Kaiser et al., 1994), a biomass of 1.045 t.km-2 was estimated for epifauna. This estimate is
likely to be inaccurate because of the underlying data. Epifaunal biomass was therefore estimated by
the model using an 𝐸𝐸 of 0.95. In 1973 reported landings for this group were 3944 t giving an areabased estimate of 0.068 t.km-2. 𝑃/𝐵 was estimated to be 1.003 year-1 using an empirical model for the
𝑃/𝐵 of marine benthos (Tumbiolo and Downing, 1994) (Equation 13). 𝑄/𝐵 was estimated using a 𝑃/𝑄
of 0.15. The diet of epifauna was taken from the WCofS model due to similarity in group structuring
and lack of quantified dietary information in the literature. Epifauna are assumed to feed mainly upon
phytoplankton, infauna, zooplankton, detritus and other epifauna.
1.4.4.7

FG34: Infauna
The method used to create the epifaunal function group applies to the infauna,
however these animals receive less representation in the BTS data due to their
increased capacity to evade capture whilst buried in the sediment. Many are
also sufficiently small and will pass through the beam trawl meshes or are found
predominantly in the inter-tidal and shallow sub-tidal which is not sampled on

the BTS survey. The key species in the infauna functional group are common cockles (Cerastoderma
edule), polychaetes (Polychaeta), razor shells (Ensis ensis) and cut through shells (Spisula subtruncata).
Polychaetes are recorded as being present in the BTS data but this is unlikely to be quantitative. Biomass
is therefore estimated using an 𝐸𝐸 of 0.95. 𝑃/𝐵 was estimated to be 1.7 year-1 using an empirical model
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for the 𝑃/𝐵 of marine benthos (Tumbiolo and Downing, 1994) (Equation 13). The 𝑄/𝐵 ratio was
estimated using a 𝑃/𝑄 of 0.15. The diet of infauna was taken from the West Coast of Scotland (WCofS)
model (Serpetti et al., 2017) where infauna are assumed to predate upon phytoplankton, detritus and
other infauna.
1.4.4.8

FG35: Gelatinous zooplankton
Gelatinous zooplankton are an important but under-sampled component of
most marine food-webs and include jellyfish, Ctenophores and Sagitta.

Ctenophores and Sagitta appear in the construction of the diet matrix as they are found in numerous
fish stomachs, however due to limited data the biological parameters of this group were primarily
derived from larger and more data rich gelatinous zooplankton. In Scyphozoa the large medusae,
commonly called jellyfish, are the planktonic sexual phase which arises from a benthic polyp stage
(Lucas et al., 2012). Jellyfish biomass records for the Irish Sea are dominated by moon jellyfish (Aurelia
aurita) (2007=66%, 2008=92%, 2009=86%), Cyanea spp. (Blue jellyfish (C. lamarckii) and Lion’s mane
jellyfish (C. capillata); (2007=34%, 2008=8%, 2009=14%) leaving less than 2% to be attributed to other
species (Lynam et al., 2011). Annual surveys between May and June estimate the biomass of medusa
to be 1.1 t.km-2 in 1994 (Steven Beggs, per.comms). The carbon food ration for A.aurita ranges between
0.018-0.38 (average of 0.199) for A.aurita and between 0.017-0.26 (average of 0.139) for Cyanea spp.
(Martinussen and Båmstedt, 1995). Based on their biomass contributions in available survey years and
average food rations and a conversion factor of 1:10 from carbon to wet weight (Brey, 2001), the 𝑄/𝐵
of gelatinous zooplankton in 2007, 2008 and 2009 was estimated to be 1.78 year-1, 1.94 year-1 and 1.91
year-1 respectively. An average 𝑄/𝐵 of 1.88 year-1 was used in the model. 𝑃/𝐵 was estimated using a
𝑃/𝑄 of 0.45. The diet of gelatinous zooplankton is dominated by large and small zooplankton (around
90%) but also includes benthic invertebrates, phytoplankton and other gelatinous zooplankton
(Martinussen and Båmstedt, 1995).
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1.4.5 Zooplankton
Zooplankton in the Irish Sea were split into large (> 2 mm) and small (< 2 mm) functional groups. The
species included in these groups and their relative biomass trends (1973 – 2017) were obtained from
Continuous Plankton Recorder (CPR) surveys provided
by the Sir Alister Hardy Foundation for Ocean Science
(SAHFOS; P. Helaouët, per. comms, 2017). The CPR
survey provides long term data on the abundance and
diversity if zooplankton in the North Atlantic and North
Sea. The CPR survey has been operating in the Irish Sea
since 1958, using ‘ships of opportunity’ to tow CPRs (10
m depth) on regular routes (Figure 4: taken from
Vincent et al (2004)). As routes aren’t frequent to
change, CPR coverage is quite limited. Whilst the
information provided by relative biomass trends does
-2

not facilitate the estimation of a total biomass (t.km ),
the data does provide a trend which can be used during

Figure 4. Continuous Plankton Recorder (CPR) sample
locations in the Irish Sea and areas designated for the
examination of plankton communities (Vincent et al.,
2004).

later Ecosim model fitting.
1.4.5.1
FG36: Large zooplankton
Large zooplankton include species that are > 2 mm in length. The
biomass of large zooplankton was estimated by the model using an
EE of 0.95 because no field-data for large zooplankton biomass in the
> 2 mm

Irish Sea were available. The WCofS model also includes large (> 2
mm) and small (< 2 mm) zooplankton functional groups derived from
SAHFOS data. The 𝑃/𝐵 estimate of 10 year-1 used in the WCofS

model (and also the original Irish Sea model of Lees and Mackinson, 2007) was therefore applied. 𝑄/𝐵
was estimated using a P/Q of 0.3. The diet of large zooplankton diet is assumed to comprise other large
zooplankton, small zooplankton, phytoplankton and detritus (Lees and Mackinson, 2007, Serpetti et al.,
2017).
1.4.5.2

FG37: Small zooplankton
Small zooplankton include species that are < 2 mm in length. The
biomass of small zooplankton was estimated by the model using
an 𝐸𝐸 of 0.95 because no field-data for small zooplankton biomass
< 2 mm

in the Irish Sea were available. The 𝑃/𝐵 of large zooplankton in the
WCofS has previously been estimated to be 18 year-1 (Serpetti et
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al., 2017), whilst the Irish Sea model estimated a 𝑃/𝐵 of 17.5 year-1 (Lees and Mackinson, 2007), which
was in turn derived from the English Channel model (Stanford and Pitcher, 2000). An estimate of 18
year-1 was used in this model due to the similarity in group compositions (SAHFOS derived). 𝑄/𝐵 was
estimated using a 𝑃/𝑄 of 0.3. The diet of small zooplankton is assumed to consist of other small
zooplankton, phytoplankton and detritus (Lees and Mackinson, 2007, Serpetti et al., 2017). In this
model the detritus functional group includes the microbial component of small zooplanktons diet.

1.4.6 Primary producers
1.4.6.1

FG38: Seaweed
An estimate for total macroalgal biomass in the Irish Sea is unavailable but a UK
wide seaweed distribution model suggests that the estimate of 75 t.km-2 used for
the English Channel EwE model (Stanford and Pitcher, 2000) may be reasonable (M.
Burrows, pers. comm.). A 𝑃/𝐵 of 1 was assumed as likely to represent the biological
turnover rate of seaweed in the Irish Sea. Landings of macroalgae from the Irish Sea

are reported as zero for 1973 although this likely overlooks a certain amount of small-scale collection
from the inter-tidal zone. The historical collection of macroalgae from the Scottish west coast for use
as food, fertiliser and a source of chemicals has been well documented (Angus, 2017). Porphyra
umbilicalis (laver or slake) was traditionally collected along the Welsh and Irish coasts but the BBC Radio
4 Food and Farming program reported that by the 1970s demand had fallen so much that as a food it
was about to be assigned to the history books. .
1.4.6.2

FG39: Phytoplankton
The biomass and production of phytoplankton in the Irish Sea
have been estimated in a range of studies (Table 10). The annual
production estimate of 97 g.C.m-2.yr (Gowen et al., 2000) was
selected as being representative of the Irish Sea as whole.
Production was converted to biomass using Equation 14 (Gowen

et al., 2000) resulting in a biomass estimate of 13.83 t.km-2. Reported conversion ratios for C to wet
weight (ww) in phytoplankton range from 1:16 (Walsh, 1981) to 1:10 (Dalsgaard et al., 1997). For the
model the lower value was selected resulting in an overall primary production estimate 970 t.ww.km2

.yr. 𝑃/𝐵 was estimated to be 70.14 year-1 by dividing the estimated production (970 t.ww.km-2. year-

1

) by the biomass (13.83 t.ww.km-2).
𝑙𝑜𝑔𝑃

𝐵 = 𝐸𝑥𝑝 (0.974) − 2.07

(14)
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where 𝐵 is the biomass of phytoplankton in t.ww.km-2 and 𝑃 is the phytoplankton production rate per
year.
Table 10. Annual production estimates (gCm2yr) available for phytoplankton in the Irish Sea.

Annual production
values (g.C.m-2 .year-1 )
100
150-200
182
97
140
194

Location

Reference

Irish Sea 1960's and early 1970's
Irish Sea 1960's and early 1970's
Liverpool bay
Irish Coastal waters
Irish Sea: offshore stratified waters (West basin)
Irish coastal waters and North Channel

Bot and Coljin, 1996
Bot and Coljin, 1996
Gowen et al., 2000
Gowen et al., 2000
Gowen and Bloomfield, 1996
Gowen and Bloomfield, 1996

1.4.7 Detritus
1.4.7.1

FG40: Discards
Total discards (t.km-2) for the Irish Sea in 1973 were
calculated using discard/catch ratios from the Joint
Research Centre (JRC) Scientific, Technical and Economic
Committee

for

Fisheries

(STECF)

database

(https://stecf.jrc.ec.europa.eu/dd/effort/graphs-annex)
(Table 11). STECF provide species, fleet and ICES area specific landings and discards data from 20032016. Ratios were calculated as discards divided by landings for the earliest year available. The ratios
were applied to the 1973 ICES landings (t.km-2) to generate discard values for each functional group in
1973. This does assume that discarding patterns did not change during the period 1973 – 2003.
However, for whiting, the STECF discard/landings ratio suggests that discards were 2x greater than the
landings in 2003. Based on the stock’s current status and relatively low total allowable catch (TAC) this
historical pattern does not seem realistic. Given that in 1973 restrictive quotas were not in place a
discard estimate of 0.004 t.km-2 was taken for Whiting 2+ from Lees and Mackinson (2007). The overall
estimate for discards in the Irish Sea in 1973 equates to 0.0996 t.km -2 or approximately 5 % of the
reported landings.
1.4.7.2 FG41: Detritus
Detritus is included in the model as a single functional group. The flow of material to detritus consists
of excreted and unassimilated food and dead organisms (those not removed via predation or fishing).
Discards from the fisheries are treated as a separate functional group (FG40) as described above. Total
detrital biomass was estimated to have been 100 t.km-2, similar to the existing models for the Irish Sea
(Lees and Mackinson, 2007), North Sea (Mackinson and Daskalov, 2008) and WCofS (Serpetti et al.,
2017).
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Table 11. Discards attributed to functional groups in the 1973 Irish Sea Ecopath model. Discards estimates for 1973 were calculated
for the majority of groups using a discards/landings ratio (D/L) derived from STECF landings and discards data from 2003.
-2
Functional group
Landings (t.km )
Toothed whales
Minke whales
Seals
Seabirds (high discard diet)
Seabirds (low discard diet)
Sharks
2.10E-02
Rays
7.36E-02
Atlantic cod 2+
2.00E-01
Atlantic cod 1
2.50E-02
Whiting 2+
1.47E-01
Whiting 1
3.14E-02
Haddock 2+
4.07E-02
Haddock 1
2.19E-05
European plaice 2+
8.73E-02
European plaice 1
2.40E-05
Common sole
2.46E-02
Flatfish
1.15E-02
Monkfish
1.06E-02
European hake
3.06E-02
Sandeels
1.20E-05
Gurnards and dragonets
1.20E-03
Other demersal fish
5.43E-02
Other benthopelagic fish
1.91E-03
Atlantic herring
5.78E-01
European sprat
9.23E-02
Other pelagic fish
2.21E-02
Anadromous fish
8.33E-03
Lobsters and large crabs
7.31E-03
Nephrops
1.02E-01
Shrimp
7.08E-03
Cephalopods
1.93E-03
Scallops
2.32E-01
Epifauna
6.78E-02
Infauna
1.20E-05
Gelatinous zooplankton
Large zooplankton
Small zooplankton
Seaweed
Phytoplankton
Total
1.88E+00

D/L ratio
1.16E+00
4.18E-01
2.57E-03
2.57E-03
2.72E-02
1.45E-01
1.45E-01
1.80E-01
1.80E-01
1.46E-02
1.81E-01
2.29E-01
1.09E-01
1.02E+00
2.05E-01
2.73E-01
9.64E-05
1.05E-05
3.91E-02
3.84E-02
8.69E-04
5.82E-02
9.52E-03
-

Discard data source
By-Catch (see functional group description)
By-Catch (see functional group description)
By-Catch (see functional group description)
STECF D/L ratio
STECF D/L ratio prorated by sp. catch
STECF D/L ratio
STECF D/L ratio
Discards taken from Lees et al. (2007)
Whiting 2+ D/L ratio
STECF D/L ratio
STECF D/L ratio
STECF D/L ratio
STECF D/L ratio
STECF D/L ratio
STECF D/L ratio prorated by sp. catch
STECF D/L ratio
STECF D/L ratio
STECF D/L ratio prorated by sp. catch
STECF D/L ratio prorated by catch
STECF D/L ratio
STECF D/L ratio
STECF D/L ratio
STECF D/L ratio prorated by sp. catch
STECF D/L ratio prorated by catch
STECF D/L ratio
STECF D/L ratio
STECF D/L ratio mean ratio prorated by catch
-

-2

Discards (t.km )
7.00E-05
1.80E-04
2.00E-05
2.44E-02
3.07E-02
5.13E-04
6.42E-05
4.00E-03
8.54E-04
5.91E-03
3.18E-06
1.57E-02
4.32E-06
3.59E-04
2.07E-03
2.44E-03
3.35E-03
1.23E-03
3.62E-03
5.22E-04
5.57E-05
9.72E-07
8.63E-04
2.81E-04
8.84E-05
1.12E-04
2.21E-03
9.96E-02
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2 Chapter 2: Visualisation of
fish diets and uncertainty
2.1 Fish stomach records
The increasing interest in establishing ecosystem-based approaches to fisheries management has
focussed attention on the availability of long-term datasets that are required to parameterise multispecies models. One of the key inputs to Ecopath are the dietary preferences of each functional group.
In the past, diets in Ecopath have generally been constructed using existing literature and expert
opinion. Whilst sometimes quantitative, this approach often takes the form of non-quantitative general
knowledge. However many fisheries surveys in European waters have also sampled fish stomachs
generating a rich dataset on the various prey consumed by a range of predators. Using such long-term
primary data affords the opportunity to generate a range of plausible diets which can be used to
address the uncertainty in model outcomes inherently associated with diet definitions. Created and
housed by Cefas, DAPSTOM (integrated Database and POrtal for fish STOMach records) is an ongoing
initiative (supported by Defra and the EU) to digitise and make available fish stomach content records
spanning the past 100 years (Pinnegar, 2014). To date (as of February 2017) this online database
contains 226,407 records from 254,202 stomachs covering 188 species. Although most of the records
come from the North Sea, DAPSTOM contains 26,765 records from 38,295 stomachs covering 96
predator species from the Irish Sea. Records date back as far as 1836 but for the purpose of the present
model only data from 1960-2016 were used (23,331 records). As described in Chapter 1 DAPSTOM
records prey as counts which require conversion to weight for use in Ecopath.
When balancing Ecopath models diet preferences are often the first biological parameters revisited and
adjusted in order to fix model imbalances (Heymans et al., 2016). This is often done using ‘ad hoc’
tuning but based on DAPSTOM a range (min, max, percentiles) of plausible diet preferences were
generated for the Irish Sea providing a systematic approach to diet tuning and reducing the need for
‘ad hoc’ adjustments. For each functional group an average diet covering 1960-2016 was initially
constructed and entered into Ecopath as a baseline. The level of prey identification in DAPSTOM is
variable with prey occasionally assigned to the generic categories ‘bony fish’ or ‘gadoids’. The diet
proportion attributed to ‘Bony fish’ and ‘Gadoids’ in the Cefas database were redistributed to bony fish
and gadoid groups identified to be eaten by the predator and prorated by prey preference. The
following illustrate the diets obtained from the Cefas stomach records.
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6: Sharks
This diet information was
generated using stomach
sample data from the
CEFAS
fish
stomach
database,
collected
between 1960-2016. The
data has been used to
show (a) the total biomass
weighted proportion of
prey species found in
predator stomachs during
each survey year. Red
numbers above each bar
denote the number of
stomachs sampled (also
illustrated by bar width).
This data has been used to
generate an average diet
(b and c) by combining the
data from all collected
surveys. This average diet,
with
its
plausible
minimum, maximum and
percentile values, provides
a range of proportions
which will contribute
towards the development
of the Irish Sea EwE diet
matrix and subsequent
analysis.

(a)

(c)

(b)
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7: Rays
This diet information was
generated using stomach
sample data from the
CEFAS fish stomach
database,
collected
between 1960-2016. The
data has been used to
show (a) the total
biomass
weighted
proportion
of
prey
species found in predator
stomachs during each
survey year. Red numbers
above each bar denote
the number of stomachs
sampled (also illustrated
by bar width). This data
has been used to
generate an average diet
(b and c) by combining
the data from all
collected surveys. This
average diet, with its
plausible
minimum,
maximum and percentile
values, provides a range
of proportions which will
contribute towards the
development of the Irish
Sea EwE diet matrix and
subsequent analysis.

(a)

(c)

(b)
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8: Atlantic cod 2+
This diet information was
generated using stomach
sample data from the
CEFAS
fish
stomach
database,
collected
between 1960-2016. The
data has been used to show
(a) the total biomass
weighted proportion of
prey species found in
predator stomachs during
each survey year. Red
numbers above each bar
denote the number of
stomachs sampled (also
illustrated by bar width).
This data has been used to
generate an average diet (b
and c) by combining the
data from all collected
surveys. This average diet,
with its plausible minimum,
maximum and percentile
values, provides a range of
proportions which will
contribute towards the
development of the Irish
Sea EwE diet matrix and
subsequent analysis.

(a)

(c)

(b)
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9: Atlantic cod 1
This diet information was
generated using stomach
sample data from the
CEFAS fish stomach
database,
collected
between 1960-2016. The
data has been used to
show (a) the total
biomass
weighted
proportion
of
prey
species found in predator
stomachs during each
survey year. Red numbers
above each bar denote
the number of stomachs
sampled (also illustrated
by bar width). This data
has been used to
generate an average diet
(b and c) by combining
the data from all
collected surveys. This
average diet, with its
plausible
minimum,
maximum and percentile
values, provides a range
of proportions which will
contribute towards the
development of the Irish
Sea EwE diet matrix and
subsequent analysis.

(a)

(c)

(b)
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10: Whiting 2+
This diet information was
generated using stomach
sample data from the
CEFAS fish stomach
database,
collected
between 1960-2016. The
data has been used to
show (a) the total
biomass
weighted
proportion
of
prey
species found in predator
stomachs during each
survey year. Red numbers
above each bar denote
the number of stomachs
sampled (also illustrated
by bar width). This data
has been used to
generate an average diet
(b and c) by combining
the data from all
collected surveys. This
average diet, with its
plausible
minimum,
maximum and percentile
values, provides a range
of proportions which will
contribute towards the
development of the Irish
Sea EwE diet matrix and
subsequent analysis.

(a)

(c)

(b)
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11: Whiting 1
This diet information was
generated using stomach
sample data from the
CEFAS fish stomach
database,
collected
between 1960-2016. The
data has been used to
show (a) the total
biomass
weighted
proportion
of
prey
species found in predator
stomachs during each
survey year. Red numbers
above each bar denote
the number of stomachs
sampled (also illustrated
by bar width). This data
has been used to
generate an average diet
(b and c) by combining
the data from all
collected surveys. This
average diet, with its
plausible
minimum,
maximum and percentile
values, provides a range
of proportions which will
contribute towards the
development of the Irish
Sea EwE diet matrix and
subsequent analysis.

(a)

(c)

(b)
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12: Haddock 2+
This diet information was
generated using stomach
sample data from the
CEFAS fish stomach
database,
collected
between 1960-2016. The
data has been used to
show (a) the total
biomass
weighted
proportion
of
prey
species found in predator
stomachs during each
survey year. Red numbers
above each bar denote
the number of stomachs
sampled (also illustrated
by bar width). This data
has been used to
generate an average diet
(b and c) by combining
the data from all
collected surveys. This
average diet, with its
plausible
minimum,
maximum and percentile
values, provides a range
of proportions which will
contribute towards the
development of the Irish
Sea EwE diet matrix and
subsequent analysis.

(a)

(c)

(b)
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13: Haddock 1
This diet information was
generated using stomach
sample data from the
CEFAS fish stomach
database,
collected
between 1960-2016. The
data has been used to
show (a) the total
biomass
weighted
proportion
of
prey
species found in predator
stomachs during each
survey year. Red numbers
above each bar denote
the number of stomachs
sampled (also illustrated
by bar width). This data
has been used to
generate an average diet
(b and c) by combining
the data from all
collected surveys. This
average diet, with its
plausible
minimum,
maximum and percentile
values, provides a range
of proportions which will
contribute towards the
development of the Irish
Sea EwE diet matrix and
subsequent analysis.

(a)

(c)

(b)
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14: European plaice 2+
This diet information was
generated using stomach
sample data from the
CEFAS
fish
stomach
database,
collected
between 1960-2016. The
data has been used to show
(a) the total biomass
weighted proportion of
prey species found in
predator stomachs during
each survey year. Red
numbers above each bar
denote the number of
stomachs sampled (also
illustrated by bar width).
This data has been used to
generate an average diet (b
and c) by combining the
data from all collected
surveys. This average diet,
with its plausible minimum,
maximum and percentile
values, provides a range of
proportions which will
contribute towards the
development of the Irish
Sea EwE diet matrix and
subsequent analysis.

(a)

(c)

(b)
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15: European plaice 1
This diet information was
generated using stomach
sample data from the
CEFAS
fish
stomach
database,
collected
between 1960-2016. The
data has been used to
show (a) the total biomass
weighted proportion of
prey species found in
predator stomachs during
each survey year. Red
numbers above each bar
denote the number of
stomachs sampled (also
illustrated by bar width).
This data has been used to
generate an average diet (b
and c) by combining the
data from all collected
surveys. This average diet,
with
its
plausible
minimum, maximum and
percentile values, provides
a range of proportions
which will contribute
towards the development
of the Irish Sea EwE diet
matrix and subsequent
analysis.

(a)

(c)

(b)
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16: Common sole
This diet information was
generated using stomach
sample data from the
CEFAS fish stomach
database,
collected
between 1960-2016. The
data has been used to
show (a) the total
biomass
weighted
proportion
of
prey
species found in predator
stomachs during each
survey year. Red numbers
above each bar denote
the number of stomachs
sampled (also illustrated
by bar width). This data
has been used to
generate an average diet
(b and c) by combining
the data from all
collected surveys. This
average diet, with its
plausible
minimum,
maximum and percentile
values, provides a range
of proportions which will
contribute towards the
development of the Irish
Sea EwE diet matrix and
subsequent analysis.

(a)

(c)

(b)
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17: Flatfish
This diet information was
generated using stomach
sample data from the
CEFAS fish stomach
database,
collected
between 1960-2016. The
data has been used to
show (a) the total
biomass
weighted
proportion
of
prey
species found in predator
stomachs during each
survey year. Red numbers
above each bar denote
the number of stomachs
sampled (also illustrated
by bar width). This data
has been used to
generate an average diet
(b and c) by combining
the data from all
collected surveys. This
average diet, with its
plausible
minimum,
maximum and percentile
values, provides a range
of proportions which will
contribute towards the
development of the Irish
Sea EwE diet matrix and
subsequent analysis.

(a)

(c)

(b)
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18: Monkfish
This diet information was
generated using stomach
sample data from the
CEFAS fish stomach
database,
collected
between 1960-2016. The
data has been used to
show (a) the total
biomass
weighted
proportion
of
prey
species found in predator
stomachs during each
survey year. Red numbers
above each bar denote
the number of stomachs
sampled (also illustrated
by bar width). This data
has been used to
generate an average diet
(b and c) by combining
the data from all
collected surveys. This
average diet, with its
plausible
minimum,
maximum and percentile
values, provides a range
of proportions which will
contribute towards the
development of the Irish
Sea EwE diet matrix and
subsequent analysis.

(a)

(c)

(b)
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19: European hake
This diet information was
generated using stomach
sample data from the
CEFAS fish stomach
database,
collected
between 1960-2016. The
data has been used to
show (a) the total
biomass
weighted
proportion
of
prey
species found in predator
stomachs during each
survey year. Red numbers
above each bar denote
the number of stomachs
sampled (also illustrated
by bar width). This data
has been used to
generate an average diet
(b and c) by combining
the data from all
collected surveys. This
average diet, with its
plausible
minimum,
maximum and percentile
values, provides a range
of proportions which will
contribute towards the
development of the Irish
Sea EwE diet matrix and
subsequent analysis.

(a)

(c)

(b)
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20: Sandeels
This diet information was
generated using stomach
sample data from the
CEFAS fish stomach
database,
collected
between 1960-2016. The
data has been used to
show (a) the total
biomass
weighted
proportion
of
prey
species found in predator
stomachs during each
survey year. Red numbers
above each bar denote
the number of stomachs
sampled (also illustrated
by bar width). This data
has been used to
generate an average diet
(b and c) by combining
the data from all
collected surveys. This
average diet, with its
plausible
minimum,
maximum and percentile
values, provides a range
of proportions which will
contribute towards the
development of the Irish
Sea EwE diet matrix and
subsequent analysis.

(a)

(c)

(b)
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21: Gurnards and
dragonets
This diet information was
generated using stomach
sample data from the
CEFAS
fish
stomach
database,
collected
between 1960-2016. The
data has been used to
show (a) the total biomass
weighted proportion of
prey species found in
predator stomachs during
each survey year. Red
numbers above each bar
denote the number of
stomachs sampled (also
illustrated by bar width).
This data has been used to
generate an average diet (b
and c) by combining the
data from all collected
surveys. This average diet,
with its plausible minimum,
maximum and percentile
values, provides a range of
proportions which will
contribute towards the
development of the Irish
Sea EwE diet matrix and
subsequent analysis.

(a)

(c)

(b)
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22: Other demersal fish
This diet information was
generated using stomach
sample data from the
CEFAS
fish
stomach
database,
collected
between 1960-2016. The
data has been used to
show (a) the total biomass
weighted proportion of
prey species found in
predator stomachs during
each survey year. Red
numbers above each bar
denote the number of
stomachs sampled (also
illustrated by bar width).
This data has been used to
generate an average diet
(b and c) by combining the
data from all collected
surveys. This average diet,
with
its
plausible
minimum, maximum and
percentile values, provides
a range of proportions
which will contribute
towards the development
of the Irish Sea EwE diet
matrix and subsequent
analysis.

(a)

(c)

(b)

55

Chapter 2: Visualisation of fish diets and uncertainty

23: Other
benthopelagic fish
This diet information was
generated using stomach
sample data from the
CEFAS
fish
stomach
database,
collected
between 1960-2016. The
data has been used to
show (a) the total biomass
weighted proportion of
prey species found in
predator stomachs during
each survey year. Red
numbers above each bar
denote the number of
stomachs sampled (also
illustrated by bar width).
This data has been used to
generate an average diet
(b and c) by combining the
data from all collected
surveys. This average diet,
with
its
plausible
minimum, maximum and
percentile values, provides
a range of proportions
which will contribute
towards the development
of the Irish Sea EwE diet
matrix and subsequent
analysis.

(a)

(c)

(b)
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24: Atlantic herring
This diet information was
generated using stomach
sample data from the
CEFAS fish stomach
database,
collected
between 1960-2016. The
data has been used to
show (a) the total
biomass
weighted
proportion
of
prey
species found in predator
stomachs during each
survey year. Red numbers
above each bar denote
the number of stomachs
sampled (also illustrated
by bar width). This data
has been used to
generate an average diet
(b and c) by combining
the data from all
collected surveys. This
average diet, with its
plausible
minimum,
maximum and percentile
values, provides a range
of proportions which will
contribute towards the
development of the Irish
Sea EwE diet matrix and
subsequent analysis.

(a)

(c)

(b)
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25: European sprat
This diet information was
generated using stomach
sample data from the
CEFAS fish stomach
database,
collected
between 1960-2016. The
data has been used to
show (a) the total
biomass
weighted
proportion
of
prey
species found in predator
stomachs during each
survey year. Red numbers
above each bar denote
the number of stomachs
sampled (also illustrated
by bar width). This data
has been used to
generate an average diet
(b and c) by combining
the data from all
collected surveys. This
average diet, with its
plausible
minimum,
maximum and percentile
values, provides a range
of proportions which will
contribute towards the
development of the Irish
Sea EwE diet matrix and
subsequent analysis.

(a)

(c)

(b)
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26: Other pelagic fish
This diet information was
generated using stomach
sample data from the
CEFAS fish stomach
database,
collected
between 1960-2016. The
data has been used to
show (a) the total
biomass
weighted
proportion
of
prey
species found in predator
stomachs during each
survey year. Red numbers
above each bar denote
the number of stomachs
sampled (also illustrated
by bar width). This data
has been used to
generate an average diet
(b and c) by combining
the data from all
collected surveys. This
average diet, with its
plausible
minimum,
maximum and percentile
values, provides a range
of proportions which will
contribute towards the
development of the Irish
Sea EwE diet matrix and
subsequent analysis.

(a)

(c)

(b)
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27: Anadromous fish
This diet information was
generated using stomach
sample data from the
CEFAS
fish
stomach
database,
collected
between 1960-2016. The
data has been used to show
(a) the total biomass
weighted proportion of
prey species found in
predator stomachs during
each survey year. Red
numbers above each bar
denote the number of
stomachs sampled (also
illustrated by bar width).
This data has been used to
generate an average diet (b
and c) by combining the
data from all collected
surveys. This average diet,
with its plausible minimum,
maximum and percentile
values, provides a range of
proportions which will
contribute towards the
development of the Irish
Sea EwE diet matrix and
subsequent analysis.

(a)

(c)

(b)
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2.2 Methods for addressing diet uncertainty
It is clearly understood that changes in model parameters will feed through to model outcomes but for
complex food-web models it can be difficult to understand the impacts. In the past ‘ad hoc’ sensitivity
testing of Ecopath models has been challenging because of the time needed to complete numerous
model runs covering a plausible multi-parameter state-space.
The plausible variability in model parameters affects model outcomes, as demonstrated by recent work
adapting Linear Inverse Modelling (LIM) techniques to conduct uncertainty analysis on ecosystem flow
networks (Hines et al., 2018). Uncertainty in energy-flow between nodes (functional groups in EwE)
can alter our understanding of ecosystems based on its associated network metrics, such as total
system through flow (TST). Using an early version of the Irish Sea model this approach was tested using
the enaR package (Hines et al., 2018, Borrett and Lau, 2014). The Irish Sea model was first converted
into a network object consisting of: (1) a flow matrix (consumption matrix from Ecopath outputs), (2)
network inputs (gross primary production in the Irish Sea), (3) network exports (detritus and fisheries
exports), (4) respiration for each node (calculated in EwE outputs) and (5) node storage (Ecopath
biomass t.km-2). Ecopath does not provide estimates of gross primary productivity or respiration for
primary producers and this has previously been identified as a source of differing results between
Ecopath and other network analysis methods (Heymans and Baird, 2000). Methods for calculating
respiration and gross production for aquatic plants are presented by Aoki (2012). Gross primary
production (𝑎) is partitioned into net primary production (𝑝), flow to detritus (𝑑) and respiration (𝑟)
(Equation 15).
𝑎 = 𝑟+𝑝+𝑑

(15)

In accordance with Aoki (2012), here it is assumed that:
𝑟 = 𝜎𝑎

(16)

where σ is a constant estimated from field or laboratory experiments. According to Equations 15 and
16:
𝜎

𝑟 = (𝑝 + 𝑑) 1−𝜎

(17)

𝑟 can therefore be estimated from values of 𝑝, 𝑑 and 𝜎. 𝑝 and 𝑑 are available from Ecopath whereas 𝜎
acts as a constant value. Values of 𝜎 for phytoplankton were estimated to be 0.42 per year for Georges
Bank (Riley, 1946), Narragansett Bay, Delaware Bay and Chesapeake Bay (Monaco and Ulanowicz, 1997)
and 0.44 per year for Lake Biwa, Lake Yunoko, Lake Suwa and Lake Kojima (Mori and Yamamoto, 1975).
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For the purpose of this model, as previously adopted by Aoki (2012), the average value of 0.4 was used
for phytoplankton in line with the accepted assumption of Nielsen (1960) and 0.65 was adopted as the
annual value of 𝜎 for macroalgae (Aoki, 2012).
To initially test the enaR package with the EwE-network object, uncertainty limits surrounding the flows
were set at 200%. Ten thousand network parameterisations were generated to identify the plausible
distributions of the Ecological Network Analysis (ENA) metrics (Figure 5). These results provide stronger
inferences regarding the network structure of the Irish Sea food web by identifying the uncertainty
surrounding indicators which describe the flow of energy through the system. Three commonly used
flow based network statistics are shown below: total system through flow (TST), Finn’s cycling index
and average path length (APL). TST is a measure of the amount of material moving through a system,
calculated as:
𝑇𝑆𝑇 = ∑ 𝐼𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑓𝑙𝑜𝑤𝑠 + 𝐼𝑛𝑝𝑢𝑡𝑠

(18)

TST is seen as an indicator of the size or activity of the system. FCI (Finn, 1976) represents the
proportion of an ecosystems TST that generated by recycled. FCI is calculated as:
𝐹𝐶𝐼 =

𝐶𝑦𝑐𝑙𝑒𝑑 𝑓𝑙𝑜𝑤
𝑇𝑆𝑇

(19)

where cycled flow is defined as material that is recycled (passes through the same node more than
once) before exiting the network (Finn, 1980). FCI indicates the retention time of material within a
system (Baird and Ulanowicz, 1993) and can be used to interpret ecosystem stability (Vasconcellos et
al., 1997) and health (Wulff and Ulanowicz, 1989). IFI is the proportion of TST derived from indirect
pathways (fluxes over two or more edges) (Borrett et al., 2006, Salas and Borrett, 2011). IFI is calculated
as:
𝐼𝐹𝐼 =

𝐼𝑛𝑑𝑖𝑟𝑒𝑐𝑡 𝑓𝑙𝑜𝑤
𝑇𝑆𝑇

(20)

APL is the average number of groups an inflow or outflow passes through (Finn, 1976) and is calculated
as:
𝐴𝑃𝐿 =

𝑇𝑆𝑇−𝐸𝑥𝑜𝑔𝑒𝑛𝑜𝑢𝑠 𝑖𝑛𝑝𝑢𝑡𝑠
𝐸𝑥𝑜𝑔𝑒𝑛𝑜𝑢𝑠 𝑖𝑛𝑝𝑢𝑡𝑠

(21)

The capacity to acknowledge the uncertainty surrounding such indicators is essential for network
modelling and ENA to inform environmental decision making. Future work will incorporate data-guided
uncertainty using the DAPSTOM records to account for the varying degree of uncertainty in each dietary
interaction.

62

Chapter 2: Visualisation of fish diets and uncertainty

Figure 5. Probability density plots showing the distributions of Ecological Network Analysis (ENA) metrics using percentageguided uncertainty analysis (200%). This analysis serves as a proof of concept, testing an early iteration of the Irish Sea
Ecopath model in order to determine future analysis options. Total system through flow (TST) is a measure of the measure of
the amount of material moving through a system; Finn’s cycling index (FCI) is the fraction of TST generated by recycling (Finn,
1980); Average path length (APL) describes the average number of paths taken by input before it leaves the system.
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3 Chapter 3: Defining fleets
and assigning landings and
discards
Official nominal landings data for 1973 to 2015 were taken from the ICES landings statistics database
(http://www.ices.dk/marine-data/dataset-collections/Pages/Fish-catch-and-stock-assessment.aspx).
In recent years there have been increased efforts to collect additional information on levels of
discarding in the Irish Sea, but these data are lacking for earlier years. Landings and discards estimates
are available from 2003 to 2016 from STECF (https://stecf.jrc.ec.europa.eu/dd/effort/graphs-annex).
For the purpose of Ecopath model creation, landings and discards need to be assigned to defined fleets.
The definition of a ‘fleet’ in Ecopath is fluid and should be designed to a level of detail which best suits
(a) model objectives and (b) data availability. For example, fleet definitions could potentially range from
simply “bottom trawl” to a more defined “bottom trawl with > 100 mm mesh net”. Within Ecopath
variables such as discard mortality and economics can be applied to fleets to gain an understanding of
their dynamics in a steady state ecosystem snapshot. Moving into Ecosim fleet separation becomes
increasingly important as fishing effort can be assigned to fleet type to drive fishing mortality in order
to recreate historic ecosystem dynamics. In the STECF data the landings and discards (tonnes) have
been further allocated to their corresponding fleets and fleet nationality aiding this process. STECF also
provide effort data by fleet type.
The issue moving forward is that the Ecopath snapshot of the Irish Sea pertains to how the ecosystem
may have been in 1973. Although landings data are available for that year information allowing landing
to be assigned to specific fleets was either not recorded or not compiled into the central database. In
order to progress the STECF data have been analysed to gain a deeper understanding of the ties
between catch, discards, gear type and effort from 2003-2016 and used as a basis for hindcasting how
ICES catches might have been distributed amongst gear types in 1973.
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3.1.1 Fleets distinguished by STECF gear types
15 gear types are included in the STECF data for the Irish Sea (ICES area VIIa; STCEF annex IIA, regulated
area 3C) (Table 12). Gear types were later simplified to eight fleets (Table 13) for implementation into
Ecopath in accordance with stakeholder knowledge and data limitations.
Table 12. STECF fishing gears, count of recorded catches in the Irish Sea and gear
descriptions.

Gear
TR2
TR1
BT2
GN1
POTS
DREDGE
LL1
NONE
PEL_TRAWL
OTTER
BEAM
GT1
TR3
PEL_SEINE
DEM_SEINE

Data count
4720
2455
1278
1060
975
919
368
368
264
260
197
137
67
40
5

Gear description
Bottom trawls and seines > 70 mm and < 100 mm
Bottom trawls and seines > 100 mm
Beam trawls > 80 mm and < 120 mm
Gillnets and entangling nets, excluding trammelnets
Pots and creel
Dredge
Longlines
Non-regulated gear
Pelagic trawl
Otter trawl
Beam trawl
Trammel nets
Bottom trawls and seines > 16 mm and < 32 mm
Pelagic seine
Demersal seine

3.1.2 STECF gear landings, discards and effort
The landings (t y-1), discards (t y-1) and effort (KW-days y-1) for all the STECF gear types in the Irish Sea
are shown in Figure 6. It is important to note that the information provided by STECF for values of
discards and age based landings and discard data is “filled in”. Data from different quarters, years, gear
types and even areas can be used to interpolate missing information (STECF (Scientific, 2015).
Therefore, landings data are correct but there is an element of interpolation to the discards and age
(landings & discards) data.
Table 13. Structure of fleets in the Irish Sea Ecopath
model and the allocation of gear types.
1
2
3
4
5
6
7
8

Ecopath fleet
Beam trawls
Otter trawls
Nephrops trawls
Pelagic nets
Gill nets
Pots
Dredge
Other gear

Gears included
BT2; BEAM
TR1; TR3; OTTER
TR2
PEL_TRAWL; PEL_SEINE
GN1
POTS
DREDGE
DEM_SEINE; GT1; LL1; NONE
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Figure 6. Landings (black), discards (red) and effort (blue) trends for fishing gears in the Irish Sea, as reported by STECF.
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Figure 6. Continued
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Figure 6. Continued
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Figure 6. Continued

3.1.3 STECF Catch vs landings and CPUE
Catches were calculated as landings plus discards and plotted against efforts (Figure 7). Insufficient
discards data for non-regulated gear, trammel net, pelagic seine and demersal seine prevented a total
catch from being generated for these gears. Instead the landings of these groups were compared to
gear effort. Spearman’s rank correlation was used to determine if catch was significantly similar to, and
therefore likely driven by, effort. Beam trawl (> 80 mm & 120 mm <), gillnets, dredge and bottom trawls
(> 16 mm & < 32 mm) all had p values < 0.05 suggesting catch is significantly correlated with effort.
Despite this, it is obvious when looking at the data that effort also drives the catches of other gears
across large portions of the time series. Catch per unit of effort (CPUE) trends were plotted over time
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to see if they were constant (Figure 8). Trends show variability over time, therefore any hindcast
estimates to capture historic effort may be laden with uncertainty and assumptions.

Figure 7. Catch (landings + discards) and effort for gear types used in the Irish Sea from 2003 to 2016. Spearman’s rank
correlations determine if catch and effort are statistically correlated (i.e. p < 0.05). For fleets with insufficient discards data,
landings are used in place of catch.
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Figure 8. Catch per unit effort (CPUE) for STECF gear classifications in the Irish Sea from 2003-2016. Dashed red lines
indicate the mean CPUE whilst the grey shaded area signifies the 5th and 95th percentiles for the time series as a whole.
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STECF data show large reductions in the overall fishing effort of bottom trawls, beam trawls, gillnets,
trammel nets, longlines and seines from 2003 to 2016. This observed decrease is likely due to
implemented management measures for cod avoidance (Davie and Lordan, 2011). Effort management
was introduced to the Irish Sea (ICES division VIIa) in 2004 in conjunction with Common Fisheries Policy
(CFP) total allowable catches (TAC) with the aim of reducing fishing mortality. This scheme reduced the
sea-day allowance of vessels according to area and gear configurations, primarily focused towards gear
configurations used to catch whitefish, such as bottom trawls with mesh sizes > 100 mm. In 2008 a cod
long-term plan (CLTP) was adopted to further reduce the fishing mortality due to little evidence of stock
recovery (according to ICES stock assessment). The CLTP covered five gear types:


Bottom trawls and seines (TR1, TR2, TR3)



Beam trawls (BT1, BT2)



Gillnets and entangling nets (GN1)



Trammel nets (GT1)



Longlines (LL1)

Analysis of STECF effort trends show that gears targeted by the CLTP were all subject to reduced fishing
effort, with overall effort reducing by 33% from 2003 to 2016 (Figure 9).

a)

b)

Figure 9. Stacked fishing effort by gear in the Irish Sea using STECF records. Effort is visualised as (a) KW/days and (b) as a
percentage of the total annual effort.
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3.2 Allocating functional group catch to STECF
gears
The following pages illustrate STECF landings and discards for each function group. The STECF landings
data was compared to ICES landings data from 2003-2015. The ICES and STECF time series show general
agreement for the majority of functional groups, strengthening the assumption that relationships seen
between landings, discards and effort in the 2003-2016 STECF data may also apply to previous years.
Catches of functional groups have been split proportionally between gear types, highlighting which
species are targeted by, or are potentially are more susceptible to, each gear.
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FG6: Sharks
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.

a)

c)

b)

d)

e)
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FG7: Rays
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.

a)

c)

b)

d)

e)
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FG8 and FG9: Atlantic cod
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.

a)

c)

b)

d)

e)
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FG10 and FG11: Whiting
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.

a)

c)

b)

d)

e)
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FG12 and FG13: Haddock
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.

a)

c)

b)

d)

e)
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FG14 and FG15: European plaice
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.

a)

b)

c)

d)

e)
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FG16: Common sole
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.

a)

c)

b)

d)

e)
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FG17: Flatfish
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.
a)

b)

c)

d)

e)
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FG18: Monkfish
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.

a)

c)

b)

d)

e)
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FG19: European hake
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.

a)

c)

b)

d)

e)

83

Chapter 3: Defining fleets and assigning landings and discards

FG20: Sandeels
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.

a)

b)

c)
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FG21: Gurnards and dragonets
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.

a)

b)

c)

d)

e)
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FG22: Other demersal fish
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.

a)

c)

b)

d)

e)
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FG23: Other benthopelagic fish
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.

a)

b)

24: Atlantic herring23: Other benthopelagic fish
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.

c)

d)

e)
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FG24: Atlantic herring
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.

a)

b)

c)

d)

e)
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FG25: European sprat
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.

a)

b)

c)

d)

e)
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FG26: Other pelagic fish
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.

a)

c)

b)

d)

e)
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FG27: Anadromous fish
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.

a)

b)

c)
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FG28: Lobsters and large crabs
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.
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FG29: Nephrops
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.
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FG30: Shrimp
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.
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FG31: Cephalopods
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.
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FG32: Scallops
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.
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FG33: Epifauna
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.
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FG34: Infauna
Landings (a) and discards (b) from STECF along with a comparison between ICES and STECF landings
data (c). STECF data from 2003-2016 was used to calculate the average proportions of landings (d)
and discards (e) attributable to different gear types in the Irish Sea.
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3.3 Assigning 1973 landings to fleets
ICES landings from 1973 were assigned to fleets based on the proportions landed (Table 14) by different
gears in 2003 according to STECF records (Table 15).
Table 14. Percentage (%) landings by gear types in the Irish Sea based on STECF records from 2003.

Group name
1 Toothed whales

Beam Otter Nephrops Pelagic Gill
Other
Pots Dregde
trawls trawls
trawl
nets nets
gear
-

2 Minke whales

-

-

-

-

-

-

-

-

3 Seals

-

-

-

-

-

-

-

-

4 Seabirds (high discard diet)

-

-

-

-

-

-

-

-

5 Seabirds (low discard diet)

-

-

-

-

-

-

-

-

6 Sharks

<1

76

16

<1

1

1

<1

6

7 Rays

39

46

11

<1

1

1

<1

2

8 Atlantic cod 2+

17

46

37

<1

<1

<1

<1

<1

9 Atlantic cod 1

32

53

16

<1

<1

<1

<1

<1

10 Whiting 2+

<1

56

44

<1

<1

<1

<1

<1

11 Whiting 1

<1

98

1

<1

<1

<1

<1

<1

12 Haddock 2+

5

67

28

<1

<1

<1

<1

<1

13 Haddock 1

9

42

12

9

5

5

5

14

14 European plaice 2+

71

<1

29

<1

<1

<1

<1

<1

15 European plaice 1

46

13

4

8

4

4

4

17

16 Common sole

94

2

4

<1

<1

<1

<1

1

17 Flatfish

44

18

34

<1

<1

<1

<1

3

18 Monkfish

38

20

41

<1

1

<1

1

<1

19 European hake

2

64

18

<1

5

<1

<1

11

20 Sandeels

83

-

8

-

-

-

-

8

21 Gurnards and dragonets

<1

99

<1

<1

<1

-

<1

<1

22 Other demersal fish

<1

73

15

<1

8

<1

<1

4

23 Other benthopelagic fish

<1

99

1

<1

<1

<1

<1

<1

24 Atlantic herring

-

<1

<1

98

1

<1

<1

<1

25 European sprat

<1

4

8

32

8

3

<1

45

26 Other pelagic fish

<1

2

<1

47

<1

<1

<1

51

27 Anadromous fish

-

-

<1

-

<1

<1

-

100

28 Lobsters and large crabs

<1

<1

<1

<1

1

46

<1

52

29 Nephrops

<1

1

98

<1

<1

<1

<1

<1

30 Shrimp

-

-

<1

-

< 1 100

<1

<1

31 Cephalopods

1

85

14

<1

<1

<1

<1

<1

32 Scallops

<1

<1

1

-

<1

<1

99

<1

33 Epifauna

<1

<1

<1

-

<1

33

66

<1

34 Infauna

-

-

-

-

-

<1

60

39

35 Gelatinous zooplankton

-

-

-

-

-

-

-

-

36 Large zooplankton

-

-

-

-

-

-

-

-

37 Small zooplankton

-

-

-

-

-

-

-

-

38 Seaweed

-

-

-

-

-

-

-

-

39 Phytoplankton

-

-

-

-

-

-

-

-

40 Discards

-

-

-

-

-

-

-

-

41 Detritus

-

-

-

-

-

-

-

-
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Table 15. Landings by fleet (t.km-2).

Beam
trawls
-

Otter
trawls
-

2 Minke whales

-

-

-

-

3 Seals

-

-

-

4 Seabirds (high discard diet)

-

-

-

-

-

-

Group name
1 Toothed whales

5 Seabirds (low discard diet)

Nephrops Pelagic
trawl
nets
-

Gill
nets
-

Pots

Dregde

-

-

Other
gear
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Total
-

6 Sharks

3.3x10-6 1.6x10-2

3.3x10-3 1.0x10-6 2.0x10-4 1.4x10-4 5.1x10-7 1.2x10-3 2.1x10-2

7 Rays

2.9x10-2 3.3x10-2

8.2x10-3 4.1x10-5 6.9x10-4 6.0x10-4 1.9x10-4 1.2x10-3 7.3x10-2

8 Atlantic cod 2+

3.3x10-2 9.2x10-2

7.3x10-2 2.0x10-6 1.0x10-6 1.0x10-6 1.0x10-6 3.0x10-6 2.0x10-1

9 Atlantic cod 1

7.9x10-3 1.3x10-2

3.9x10-3 2.0x10-6 1.0x10-6 1.0x10-6 1.0x10-6 3.0x10-6 2.5x10-2

10 Whiting 2+

2.0x10-6 8.1x10-2

6.5x10-2 2.0x10-6 1.0x10-6 1.0x10-6 1.0x10-6 3.0x10-6 1.4x10-1

11 Whiting 1

2.0x10-6 3.0x10-2

4.7x10-4 2.0x10-6 1.0x10-6 1.0x10-6 1.0x10-6 3.0x10-6 3.1x10-2

12 Haddock 2+

2.0x10-3 2.7x10-2

1.1x10-2 2.0x10-6 1.0x10-6 1.0x10-6 1.0x10-6 3.0x10-6 4.0x10-2

13 Haddock 1

2.0x10-6 9.2x10-6

2.6x10-6 2.0x10-6 1.0x10-6 1.0x10-6 1.0x10-6 3.0x10-6 2.1x10-5

14 European plaice 2+

6.1x10-2 3.0x10-6

2.5x10-2 2.0x10-6 1.0x10-6 1.0x10-6 1.0x10-6 4.0x10-6 8.7x10-2

15 European plaice 1

1.1x10-5 3.0x10-6

1.0x10-6 2.0x10-6 1.0x10-6 1.0x10-6 1.0x10-6 4.0x10-6 2.4x10-5

16 Common sole

2.3x10-2 4.3x10-4

9.3x10-4 1.0x10-6 3.5x10-6 3.6x10-6 9.3x10-5 1.2x10-4 2.4x10-2

17 Flatfish

5.0x10-3 2.0x10-3

3.9x10-3 9.5x10-6 1.7x10-5 5.0x10-6 7.7x10-6 3.3x10-4 1.1x10-2

18 Monkfish

4.0x10-3 2.0x10-3

4.3x10-3 9.7x10-6 8.4x10-5 8.4x10-6 1.2x10-4 3.0x10-6 1.0x10-2

19 European hake

4.6x10-4 1.9x10-2

5.4x10-3 1.6x10-5 1.6x10-3 6.8x10-7 1.0x10-5 3.5x10-3 3.0x10-2

20 Sandeels

1.0x10-5

1.0x10-6

21 Gurnards and dragonets

2.0x10-6 1.1x10-3

5.5x10-7 1.0x10-6 1.0x10-6

22 Other demersal fish

1.6x10-4 3.9x10-2

8.1x10-3 2.0x10-5 4.1x10-3 7.1x10-5 4.2x10-5 2.0x10-3 5.4x10-2

23 Other benthopelagic fish

2.0x10-6 1.8x10-3

1.1x10-5 1.0x10-6 1.0x10-6 1.0x10-6 1.0x10-6 2.0x10-6 1.9x10-3

24 Atlantic herring

-

-

-

-

-

-

1.0x10-6 1.2x10-5

1.0x10-6 2.0x10-6 1.2x10-3

1.6x10-3

1.5x10-3 5.6x10-1 8.6x10-3 1.0x10-6 1.0x10-6 2.0x10-6 5.7x10-1

25 European sprat

7.7x10-6 3.2x10-3

7.3x10-3 2.9x10-2 7.5x10-3 2.8x10-3 1.0x10-6 4.1x10-2 9.2x10-2

26 Other pelagic fish

6.8x10-6 3.9x10-4

2.6x10-5 1.0x10-2 4.2x10-6 1.0x10-5 1.0x10-6 1.1x10-2 2.2x10-2

27 Anadromous fish

-

-

1.0x10-6

-

1.0x10-6 1.0x10-6

-

8.3x10-3 8.3x10-3

28 Lobsters and large crabs

2.8x10-6 3.8x10-6

2.8x10-5 1.8x10-6 8.9x10-5 3.4x10-3 3.1x10-6 3.7x10-3 7.3x10-3

29 Nephrops

9.5x10-5 1.4x10-3

1.0x10-1 2.0x10-6 1.0x10-6 9.4x10-5 1.0x10-6 1.0x10-6 1.0x10-1

30 Shrimp

-

-

1.0x10-6

-

1.0x10-6 7.0x10-3 1.0x10-6 2.0x10-6 7.0x10-3

31 Cephalopods

1.9x10-5 1.6x10-3

2.6x10-4 1.0x10-6 1.0x10-6 1.0x10-6 1.0x10-6 3.0x10-6 1.9x10-3

32 Scallops

4.4x10-4 1.5x10-5

1.4x10-3

-

6.7x10-7 1.0x10-6 2.3x10-1 5.4x10-6 2.3x10-1

33 Epifauna

4.1x10-6 1.0x10-6

1.6x10-4 2.2x10-2 4.4x10-2 3.0x10-6 6.7x10-2

1.0x10-6

-

34 Infauna

-

-

-

-

-

35 Gelatinous zooplankton

-

-

-

-

-

-

-

-

-

36 Large zooplankton

-

-

-

-

-

-

-

-

-

37 Small zooplankton

-

-

-

-

-

-

-

-

-

38 Seaweed

-

-

-

-

-

-

-

-

-

39 Phytoplankton

-

-

-

-

-

-

-

-

-

40 Discards

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

41 Detritus
Sum

1.6x10-1 3.7x10-1

3.7x10-8 7.2x10-6 4.7x10-6 1.2x10-5

3.2x10-1 6.0x10-1 2.3x10-2 3.7x10-2 2.7x10-1 7.3x10-2 1.8x10+0
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3.4 Calculating discards for 1973
Discards (t.km-2) were calculated based on the ratios of discards to landings in the STECF data (refer
back to Chapter 1; FG40 Discards). The ratios from 2003 (Table 16) were applied to the ICES landings
(t.km-2) to generate discard values for 1973 (Table 17).
Table 16. Percentage (%) discards by gear types in the Irish Sea based on STECF records from 2003.

Group name
1 Toothed whales

Beam Otter Nephrops Pelagic Gill
Other
Pots Dregde
trawls trawls
trawl
nets nets
gear
100 -

2 Minke whales

-

-

-

-

100

-

-

-

3 Seals

-

-

-

100

-

-

-

-

4 Seabirds (high discard diet)

-

-

-

-

-

-

-

-

5 Seabirds (low discard diet)

-

-

-

-

-

-

-

-

6 Sharks

-

38

62

-

-

-

-

-

7 Rays

35

20

21

<1

<1

<1

25

-

8 Atlantic cod 2+

13

7

78

-

-

<1

2

-

9 Atlantic cod 1

13

7

78

-

-

<1

2

-

10 Whiting 2+

1

10

88

<1

<1

<1

<1

<1

11 Whiting 1

1

10

88

<1

<1

<1

<1

<1

12 Haddock 2+

3

12

85

<1

-

<1

<1

-

13 Haddock 1

3

12

85

<1

-

<1

<1

-

14 European plaice 2+

17

3

78

-

<1

<1

2

-

15 European plaice 1

17

3

78

-

<1

<1

2

-

16 Common sole

46

3

48

-

-

-

3

-

17 Flatfish

12

3

81

-

<1

<1

3

-

18 Monkfish

10

11

45

-

-

<1

33

-

19 European hake

<1

21

79

-

-

<1

<1

-

20 Sandeels

-

-

-

-

-

-

-

-

21 Gurnards and dragonets

2

13

85

-

-

-

-

-

22 Other demersal fish

13

53

34

-

<1

-

-

-

23 Other benthopelagic fish

7

7

84

-

-

<1

2

-

24 Atlantic herring

3

12

85

<1

-

<1

<1

-

25 European sprat

-

10

90

-

-

<1

<1

-

26 Other pelagic fish

<1

3

92

-

-

-

5

<1

27 Anadromous fish

-

-

-

-

-

-

-

-

28 Lobsters and large crabs

12

12

75

-

-

-

-

-

29 Nephrops

-

<1

100

-

-

-

-

-

30 Shrimp

-

-

-

-

-

-

-

-

31 Cephalopods

-

-

83

-

-

-

17

-

32 Scallops

15

7

-

-

-

-

78

-

33 Epifauna

-

-

-

-

-

-

-

-

34 Infauna

-

-

-

-

-

-

-

-

35 Gelatinous zooplankton

-

-

-

-

-

-

-

-

36 Large zooplankton

-

-

-

-

-

-

-

-

37 Small zooplankton

-

-

-

-

-

-

-

-

38 Seaweed

-

-

-

-

-

-

-

-

39 Phytoplankton

-

-

-

-

-

-

-

-

40 Discards

-

-

-

-

-

-

-

-

41 Detritus

-

-

-

-

-

-

-

-
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Table 17. Discards by fleet (t.km-2).

Group name

Beam
trawls

Otter
trawls

1 Toothed whales

-

-

-

2 Minke whales

-

-

3 Seals

-

4 Seabirds (high discard diet)

-

5 Seabirds (low discard diet)

-

6 Sharks

-

7 Rays

1.0x10-2 6.1x10-3

6.3x10-3

8 Atlantic cod 2+

6.5x10-5 3.7x10-5

4.0x10-4

-

-

1.4x10-7 8.0x10-6

9 Atlantic cod 1

8.2x10-6 4.6x10-6

5.0x10-5

-

-

1.8x10-8 1.0x10-6

10 Whiting 2+

5.7x10-5 4.0x10-4

3.5x10-3

11 Whiting 1

1.2x10-5 8.5x10-5

7.5x10-4 2.9x1010 6.0x10-9 3.2x10-7 4.5x10-7 3.6x10-9 8.5x10-4

12 Haddock 2+

1.5x10-4 7.0x10-4

5.0x10-3

7.4x10-9

-

1.7x10-7 1.1x10-5

-

5.9x10-3

13 Haddock 1

3.7x10-8 1.7x10-7

1.2x10-6 1.8x1012

-

4.2x1011 2.8x10-9

-

1.4x10-6

14 European plaice 2+

2.7x10-3 4.1x10-4

1.2x10-2

-

4.6x10-8 3.9x10-6 2.8x10-4

-

1.5x10-2

15 European plaice 1

3.1x10-7 4.7x10-8

1.4x10-6

-

5.3x1012 4.5x1010 3.2x10-8

-

1.8x10-6

16 Common sole

1.6x10-4 9.8x10-6

1.7x10-4

-

9.4x10-6

-

3.6x10-4

17 Flatfish

2.5x10-4 6.2x10-5

1.6x10-3

-

1.0x10-6 1.4x10-6 7.1x10-5

-

2.0x10-3

18 Monkfish

2.5x10-4 2.5x10-4

1.1x10-3

-

-

5.1x10-6 8.1x10-4

-

2.4x10-3

19 European hake

1.2x10-5 6.9x10-4

2.6x10-3

-

-

7.5x10-6 5.2x10-7

-

3.3x10-3

-

-

-

-

-

-

-

-

-

-

1.2x10-3

-

-

20 Sandeels

-

Gill
nets

Pots

Dregde

Other
gear

Total

-

6.7x10-5

-

-

-

6.7x10-5

-

-

1.8x10-4

-

-

-

1.8x10-4

-

-

1.5x10-5

-

-

-

-

1.5x10-5

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

9.3x10-3

1.5x10-2

-

-

-

-

-

2.4x10-2

-

3.0x10-2

-

5.1x10-4

-

6.4x10-5

-

Nephrops Pelagic
trawl
nets

1.2x10-7 1.8x10-6 6.2x10-6 7.5x10-3

1.4x10-9 2.8x10-8 1.5x10-6 2.1x10-6 1.7x10-8 4.0x10-3

-

-

21 Gurnards and dragonets

2.2x10-5 1.6x10-4

1.0x10-3

-

-

22 Other demersal fish

4.6x10-4 1.9x10-3

1.2x10-3

-

1.5x10-6

-

3.6x10-3

23 Other benthopelagic fish

3.3x10-5 3.4x10-5

4.3x10-4

-

-

2.6x10-7 1.2x10-5

-

5.1x10-4

24 Atlantic herring

1.4x10-6 6.6x10-6

25 European sprat
26 Other pelagic fish
27 Anadromous fish
28 Lobsters and large crabs

4.7x10-5 7.0x1011

-

1.6x10-9 1.1x10-7

-

5.5x10-5

9.4x10-8

8.7x10-7

-

-

2.9x10-9 2.9x10-9

-

9.7x10-7

6.5x10-7 2.8x10-5

7.9x10-4

-

-

-

-

-

-

-

-

-

-

2.1x10-4

-

-

-

-

-

2.8x10-4

-

-

3.4x10-5 3.5x10-5

4.4x10-5 1.9x10-7 8.6x10-4

29 Nephrops

-

2.7x10-7

8.8x10-5

-

-

-

-

-

8.8x10-5

30 Shrimp

-

-

-

-

-

-

-

-

-

-

-

9.2x10-5

-

-

-

1.8x10-5

-

1.1x10-4

-

-

-

-

1.7x10-3

-

2.2x10-3

31 Cephalopods
32 Scallops

3.4x10-4 1.5x10-4

33 Epifauna

-

-

-

-

-

-

-

-

-

34 Infauna

-

-

-

-

-

-

-

-

-

35 Gelatinous zooplankton

-

-

-

-

-

-

-

-

-

36 Large zooplankton

-

-

-

-

-

-

-

-

-

37 Small zooplankton

-

-

-

-

-

-

-

-

-

38 Seaweed

-

-

-

-

-

-

-

-

-

39 Phytoplankton

-

-

-

-

-

-

-

-

-

40 Discards

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

41 Detritus
Sum

1.5x10-2 2.0x10-2

5.3x10-2

1.5x10-5 2.5x10-4 2.6x10-5 1.0x10-2 2.1x10-7 9.9x10-2
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4 Chapter 4: Fishers knowledge
and stakeholder engagement
The incorporation of fishers knowledge into management has been an increasing under ecosystembased approaches (Bevilacqua et al., 2016, Stephenson et al., 2016). In order enhance our
understanding of the Irish Sea ecosystem stakeholder engagement meetings were held in Dun
Laoghaire, Ireland on the 23-27/10/2017 (Chair: Professor David Reid; WKIrish 4) and in Kilkeel on the
08/12/2017 (Chair: Professor David Reid) (Figure 10). WKIrish4 facilitated information exchange
between management stakeholder groups, fishermen, scientists, regulators and other interested
parties. Whilst these meetings served to increase interest in the Irish Sea EwE model they were also
vital in addressing gaps in quantitative knowledge. Fishing effort data across the multiple gears used in
the Irish Sea are only available via STECF from 2003. However ICES have also compiled effort data for
beam and otter trawls from 1972-2014 for English, Belgium and Irish fleets (ICES, 2015b). Estimated
effort for Irish Sea Nephrops trawls were recreated from 1940 using landings data (Coughlan et al.,
2015) . To fully populate the EwE model stakeholders were invited to present historical effort trends
using their best knowledge. Stakeholders also shared their expert knowledge regarding species diets,
acquired either through working on fishing vessels, working as fishing industry leaders, as fisheries
scientists or as non-governmental organisation (NGO) experts. Combining scientific knowledge which
is explicit and widely accessible (Fazey et al., 2006a) with experiential and local knowledge (Fazey et al.,
2006b) creates a class of knowledge often referred to as ‘Hybrid’ knowledge, generated through a social
learning process (Raymond et al., 2010). This is an integrated knowledge type generated through
interdisciplinary research. It is becoming increasingly evident how important industry and fisher buy-in
of research is in order to achieve its adoption and uptake into management (Stephenson et al., 2016).
Stakeholder inclusion in ecosystem based fisheries research and management must not just be seen as
a tick-box exercise, but as a truly pivotal step of high importance for the successful implementation of
research and management (Stephenson et al., 2016).
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Source: @DebbiPedreschi

Source: @sara_vandamme

Source: @DebbiPedreschi

Source: @JacobWBentley

Source: @anifpo

Figure 10. Stakeholder workshops in Dun Laoghaire and Kilkeel: “workshop on stakeholder input

to (and parameterisation of) ecosystem and food web models in the Irish Sea aimed at a
holistic approach to the management of the main fish stocks”.

4.1 Stakeholder diet knowledge
Stakeholders were asked to comment only on the diets of species for which they had good knowledge.
For commercial fishers these will of course be the main commercial species caught and processed on
board the fishing vessels. Stakeholder knowledge regarding diets was collected for Atlantic cod, whiting,
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European plaice, haddock, Nephrops and rays. Stakeholders also provided information regarding
species that predated upon these commercial species. Knowledge of predation either came from
insight into stomach contents (i.e. hake and monkfish) or were derived from observations (i.e. seals and
dolphins predating upon hauls). The initial diets were taken to reflect what these species were eating
in the 1970’s and 80’s, with secondary diets taken to reflect what stakeholders felt species are eating
now. Exceptions to this were plaice and Nephrops, for which stakeholders only felt comfortable with
exploring diets for the 1970’s and 80’s based on their personal experience. For haddock only the recent
diet was considered because this species was only caught infrequently in the 1970’s and 80’s. One diet
was given for rays, which applies to both the 1970’s and 80’s and present day. Diets were defined
through discussion, with one member of the group (Professor Sheila Heymans) drawing the resulting
food webs onto A1 paper. Care was taken not to lead stakeholders’ perceptions by divulging data from
the Cefas stomach records. Cefas diets were later presented to the stakeholders.

4.1.1 Atlantic cod diet
The stakeholder diets for cod are shown in Figure 11 and a comparison between Cefas and stakeholder
information can be found in Table 18.

(a)

(b)

Figure 11. Stakeholder diets (prey and predators) for Atlantic cod in the Irish Sea in the (a) 1970’s and 1980’s and (b)
present day.
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Table 18. Diet of Atlantic cod in the Irish Sea; comparing Cefas stomach records (1960-present day)
to stakeholder perceptions (1970’s-80’s; present day). Prey or predator interactions are marked as
either present ( ) or absent ( × ). Some diet interactions have been taken from literature (Lit.diet).

Cefas

Stakeholder information
Interaction

Species

Prey
Prey
Prey
Prey
Prey
Prey
Prey
Prey
Prey
Prey
Prey
Prey
Prey
Prey
Prey
Predator
Predator
Predator
Predator
Predator

Nephrops
Dab
Whiting
Shrimp
Herring
Sprat
Brittle stars
Worms
Plaice
Mackerel
Horse mackerel
Sandeels
Sole
Haddock
Anchovy
Whiting
Hake
Monkfish
Bottlenose dolphin
Seals

Notes

1970's-80's
Diet

Present day
Diet

1960-2016
diet

Large portion
Juvenile fish
Juvenile fish
Small portion
Small portion
Small fish
Juvenile fish
Eating juveniles
Eating juveniles
-





























































(Lit. diet)
(Lit. diet)

4.1.2 Whiting diet
The stakeholder diets for whiting are shown in Figure 12 and a comparison between Cefas and
stakeholder information can be found in Table 19.

(a)

(b)

Figure 12. Stakeholder diets (prey and predators) for whiting in the Irish Sea in the (a) 1970’s and 1980’s and (b)
present day.
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Table 19. Diet of whiting in the Irish Sea; comparing Cefas stomach records (1960-present day) to
stakeholder perceptions (1970’s-80’s; present day). Prey or predator interactions are marked as
either present ( ) or absent ( × ). Stakeholders also noted if interactions had increased (+) or
decreased (-) in present day diets compared to 1970’s and 80’s diets. Some diet interactions have
been taken from literature (Lit.diet).
Stakeholder information
Interaction

Species

Prey
Prey
Prey
Prey
Prey
Prey
Prey
Prey
Prey
Prey
Prey
Prey
Predator
Predator
Predator
Predator
Predator

Cod
Whiting
Herring
Sprat
Sandeels
Hake
Trisopterus
Haddock
Mackerel
Horse mackerel
Shrimp
Discards
Cod
Monkfish
Hake
Toothed whales
Seals

Cefas

Notes

1970's-80's
Diet

Present day
Diet

1960-2016
diet

Juvenile fish
Juvenile fish
Juvenile fish
Juvenile fish
Eating juveniles
-



















(-)
(-)
(-)

(-)

(+)
(-)

























(Lit. diet)
(Lit. diet)

4.1.3 Haddock diet
The stakeholder diet for haddock is shown in Figure 13 and a comparison between Cefas and
stakeholder information can be found in Table 20.

Figure 13. Stakeholder diet (prey and predators) for haddock in
the Irish Sea (present day).
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Table 20. Diet of Haddock in the Irish Sea; comparing Cefas stomach records (1960-present day) to
stakeholder perceptions (1970’s-80’s; present day). Prey or predator interactions are marked as
either present ( ) or absent ( × ). Some diet interactions have been taken from literature (Lit.diet).

Stakeholder information
Interaction

Species

Prey
Prey
Prey
Prey
Prey
Prey
Prey
Prey
Predator
Predator
Predator
Predator
Predator
Predator
Predator

Crabs
Nephrops
Epifauna
Infauna
Sandeels
Sprat
Shrimps
Trisopterus
Toothed whales
Hake
Seals
Monkfish
Whiting
Cod
Sharks

Cefas

Notes

1970's-80's
Diet

Present day
Diet

1960-2016
diet

Diet majority
Diet majority
Eating juveniles
Eating juveniles
-

Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown

























(Lit. diet)

(Lit. diet)





4.1.4 European plaice diet
The stakeholder diet for plaice is shown in Figure 14 and a comparison between Cefas and stakeholder
information can be found in Table 21.

Figure 14. Stakeholder diet (prey and predators) for European plaice in the
Irish Sea (present day).
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Table 21. Diet of European plaice in the Irish Sea; comparing Cefas stomach records (1960-present
day) to stakeholder perceptions (1970’s-80’s; present day). Prey or predator interactions are
marked as either present ( ) or absent ( × ). Some diet interactions have been taken from literature
(Lit.diet).

Stakeholder information
Interaction

Species

Prey
Prey
Prey
Prey
Prey
Predator
Predator
Predator
Predator

Lugworms
Epifauna
Discards
Shrimp
Sandeels
Seabirds
Cod
Monkfish
Seals

Cefas

Notes

1970's-80's
Diet

Present day
Diet

1960-2016
diet

Includes Nephrops
Eating juveniles
Eating juveniles
Eating juveniles











Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown









(Lit. diet)

4.1.5 Ray diet
The stakeholder diet for rays is shown in Figure 15 and a comparison between Cefas and stakeholder
information can be found in Table 22.
Figure 15. Stakeholder diet (prey and
predators) for rays in the Irish Sea (present
day).

Table 22. Diet of European plaice in the Irish
Sea; comparing Cefas stomach records (1960present day) to stakeholder perceptions
(1970’s-80’s; present day). Prey or predator
interactions are marked as either present ( )
or absent ( × ). Some diet interactions have
been taken from literature (Lit.diet).
Interaction

Species

Prey
Prey
Prey
Prey
Prey
Prey
Prey
Prey
Prey
Prey
Prey
Prey
Predator
Predator
Predator
Predator

Sandeels
Whiting
Cod
Trisopterus
Haddock
Queen scallop
Mussels
Whelks
Crab
Discards
Pelagic fish
Gurnards
Rays
Seals
Monkfish
Sharks

Stakeholder information
1970's-80's Present day
Notes
Diet
Diet


Juvenile fish


Juvenile fish
















Not much


Not much











Cefas
1960-2016 diet













(Lit. diet)
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4.1.6 Nephrops diet
The stakeholder diet for Nephrops is shown in Figure 16 and a comparison between diet information
taken from literature (Cristo and Cartes, 1998) and stakeholder information can be found in Table 23.

Figure 16. Stakeholder diet (prey and predators) for Nephrops in
the Irish Sea (1970’s and 1980’s).

Table 23. Diet of Nephrops in the Irish Sea; comparing diet information collected from literature
(Cristo and Cartes, 1998) to stakeholder perceptions (1970’s-80’s; present day). Prey or predator
interactions are marked as either present ( ) or absent ( × ). Some diet interactions have been
taken from literature (Lit.diet).
Stakeholder information
Interaction

Species

Prey
Prey
Prey
Prey
Predator
Predator
Predator
Predator
Predator
Predator
Predator

Detritus
Epifauna
Infauna
Discards
Cod
Nephrops
Monkfish
Sharks
Rays
Haddock
Seals

Literature

Notes

1970's-80's
Diet

Present day
Diet

General
diet

-













Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown













4.1.7 Diets summary
Overall the stakeholders’ perceptions showed only minor differences from the Cefas stomach records
or literature. Larger differences were apparent in the case of Nephrops. New interactions put forward
by the stakeholders have been included in the Ecopath model at the balancing stage. Stakeholders
emphasised the importance of monkfish and hake as important predators in the Irish Sea. In the original
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design of the functional groups these species were placed in the ‘Other demersal fish’. Based on the
stakeholder input these species were subsequently separated into their own functional group’s. On the
other hand saithe and pollack were originally destined to have their own functional groups. Stakeholder
input suggested that saithe and pollack are of little commercial importance to the fishermen so, as a
result, they were combined into the ‘Other demersal fish’ functional group. These changes resulted in
the final groups design as described in Chapter 1 of this report. Stakeholders also drew attention to the
inability of the Cefas stomach records to distinguish between primary and secondary prey items. For
example, Cefas records suggest plaice eat herring, which makes little ecological sense based on the
biology of both species. Discard experts highlighted that plaice is one of the most ferocious discard
feeders, and it is through this pathway that plaice eat discarded herring. The same argument applies to
the relationship between plaice and Nephrops. The diet matrix was adjusted to reflect these
observations.

4.2 Stakeholder fishing effort knowledge
Stakeholders were presented with images of STECF effort trends for the different gear types in the Irish
Sea (Figure 17). The graph x axis ran from 1973 to 2016 and included the STECF trend line from 20032016. Stakeholders were then asked to fill in the years 1973-2003 with their best estimates of historical
fishing effort.
TR2 Effort
Bottom trawls and seines >70 mm and < 100 mm
12000000

Nominal effort (KW-days)

10000000

8000000

6000000

4000000

2000000

0
1973

1978

1983

1988

1993
Year

1998

2003

2008

2013

Figure 17. Example of the task presented to stakeholders at the Irish Sea EwE workshop: “to the best
of your ability, draw a trend representing the fishing effort of the selected gear type for years 19732003”.

The effort trends produced by stakeholders are shown in Figure 18. In some instances, stakeholders
produced multiple trends for the same gear type.
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4.2.1 Standardising stakeholder effort trends
The effort trends provided by stakeholders enhance our understanding of the dynamics of historic
fishing effort in the Irish Sea. The magnitude of change seen in some fleets however led to unstable
dynamics when entered into the model. In the EwE model, relative effort acts as a multiplier of the
initial Ecopath catch (t.km-2) for the different fleets. If the relative effort is equal to 1 then the catch will
be equal to 1973 levels. If relative effort increases to 2 then the catch will have doubled and if effort
falls to 0.5 then the catch will half etc. The effort trends provided by stakeholders lead to mass mortality
in the model due to the magnitude of effort increase over time. It is likely that the trends are more
accurate than the exact magnitude of change as stakeholders will have a more accurate perception on
when effort increased or decreased as compared to the exact level of increase or decrease. To
determine at which magnitude the stakeholder fishing effort trends were best able to generate model
predictions which resemble observed data, multiple effort series were tested, retaining stakeholder
trends but altering their magnitude. Figure 18 illustrates the initial fishers effort with +/- 90%
uncertainty applied to the magnitude of change relative to effort in 1973.
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Figure 18. Relative fishing effort trends for fleets in the Irish Sea. Trends prior to 2003 are based on stakeholder perceptions.
Trends post 2003 are taken from STECF. The grey area surrounding the trend lines represent +/- 90% changes in the magnitude
of trends over time.
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5 Chapter 5: Pre-balance
model diagnostics and model
balancing
Balancing followed guidelines in Ecopath best practice methodologies (Heymans et al., 2016) and
ecological rules of thumb (Link, 2010) papers.

5.1 Unbalanced Ecopath model
Fourteen functional groups were initially unbalanced when using the basic input parameters from
chapter 1 to generate a mass balanced Ecopath model (Table 25). Energy ‘imbalance’ is determined by
examining each groups EE. If a groups EE exceeds 1 this indicates that the energy demand placed upon
that group exceeds its production and therefore needs to be reduced. The diet for the unbalanced
model is shown in Table 26.

5.2 Pre-balance diagnostics
Pre-balance (PREBAL) diagnostics (Link (2010), were used to identify ecological issues in model
structure and indicate how best to approach model balancing. For ecological coherence in a marine
ecosystem, group biomass (on a log-scale) should span 5-7 orders of magnitude and decline by between
5 and 10% with each increasing trophic level. 𝑃/𝐵 and 𝑄/𝐵 vital ratios (on log-scales) should also show
a general decline with increasing trophic level, whilst 𝑃/𝑄 (gross food conversion efficiency) ratios
should fall between 0.1 and 0.3 (Darwall et al., 2010, Heymans et al., 2016). Respiration/assimilation
should also fall below 1 as the proportion of biomass lost through respiration cannot exceed the
biomass of food assimilated (Heymans et al., 2016). 𝑃/𝐵, 𝑄/𝐵, 𝑃/𝑄 and functional group trophic level
estimates from the WCofS model (Serpetti et al., 2017), North Sea model (Mackinson and Daskalov,
2008) and existing Irish Sea model (Lees and Mackinson, 2007) were compared against the estimates
from the new unbalanced Irish Sea model. Whilst every ecosystem is unique we should expect these
estimates to be within similar ranges across these models due to their close geographical proximity and
similar species assemblages.
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Table 25. Basic estimates from the initial unbalanced model of the Irish Sea. Numbers highlighted in
blue and red have been estimated by Ecopath. Red numbers signify either unbalances (in the case of
EE) or ecological issues.
Functional group

TL

-2

-1

-1

Biomass (t.km ) P/B (year ) Q/B (year )

1 Toothed whales

5.462

0.005

0.020

2 Minke whales

4.662

0.066

3 Seals

5.237

0.002

4 Seabirds (high discard diet) 4.095
5 Seabirds (low discard diet)

EE

P/Q

15.520

0.642 0.001

0.020

6.580

0.136 0.003

0.060

14.430

0.117 0.004

0.002

0.400

66.020

0.000 0.006

4.489

0.002

0.400

69.210

0.000 0.006

6 Sharks

4.894

0.290

0.250

4.010

0.727 0.062

7 Rays

3.982

0.112

0.845

3.280

1.117 0.258

8 Atlantic cod 2+

4.925

0.339

0.820

3.120

0.732 0.263

9 Atlantic cod 1

4.570

0.066

1.010

7.641

0.975 0.132

10 Whiting 2+

5.106

0.560

0.762

5.390

0.391 0.141

11 Whiting 1

4.627

0.189

1.200

11.317

3.389 0.106

12 Haddock 2+

3.723

0.086

0.890

4.420

0.609 0.201

13 Haddock 1

3.516

0.082

2.440

11.560

0.126 0.211

14 European plaice 2+

3.590

0.155

0.790

3.750

0.841 0.211

15 European plaice 1

3.512

0.031

1.380

10.365

0.399 0.133

16 Common sole

3.117

0.113

0.810

5.610

2.639 0.144

17 Flatfish

4.117

0.470

1.518

6.070

2.531 0.250

18 Monkfish

5.207

0.033

0.490

2.746

0.992 0.178

19 European hake

4.792

0.049

0.981

3.924

0.950 0.250

20 Sandeels

3.316

1.379

2.053

8.210

0.950 0.250

21 Gurnards and dragonets

4.480

0.340

0.520

5.610

49.401 0.093

22 Other demersal fish

4.760

0.160

0.960

4.320

0.956 0.222

23 Other benthopelagic fish

4.514

3.596

1.107

7.380

3.617 0.150

24 Atlantic herring

3.820

1.750

1.250

6.590

0.477 0.190

25 European sprat

3.144

0.389

2.425

9.700

8.307 0.250

26 Other pelagic fish

4.089

12.509

1.278

5.110

0.950 0.250

27 Anadromous fish

4.372

0.030

0.644

3.170

0.678 0.203

28 Lobsters and large crabs

2.728

0.240

0.620

4.133

2.265 0.150

29 Nephrops

2.940

0.260

1.270

8.467

14.786 0.150

30 Shrimp

3.135

0.402

2.670

17.800

19.472 0.150

31 Cephalopods

3.407

0.110

1.981

15.000

4.293 0.132

32 Scallops

2.000

0.157

1.146

7.643

12.676 0.150

33 Epifauna

2.394

29.527

1.003

6.687

0.958 0.150

34 Infauna

2.036

30.651

1.700

11.333

0.950 0.150

35 Gelatinous zooplankton

3.088

1.110

0.564

1.880

3.094 0.300

36 Large zooplankton

2.158

1.676

10.000

33.333

2.265 0.300

37 Small zooplankton

2.031

2.521

18.000

60.000

0.950 0.300

38 Seaweed

1.000

75.000

1.000

0.000

0.266

39 Phytoplankton

1.000

13.830

70.140

0.000

0.422

40 Discards

1.000

0.103

0.035

41 Detritus

1.000

100.000

0.317
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1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Toothed whales
Minke whales
Seals
Seabirds (high discard diet)
Seabirds (low discard diet)
Sharks
Rays
Atlantic cod 2+
Atlantic cod 1
Whiting 2+
Whiting 1
Haddock 2+
Haddock 1
European plaice 2+
European plaice 1
Common sole
Flatfish
Monkfish
European hake
Sandeels
Gurnards and dragonets
Other demersal fish
Other benthopelagic fish
Atlantic herring
European sprat
Other pelagic fish
Anadromous fish
Lobsters and large crabs
Nephrops
Shrimp
Cephalopods
Scallops
Epifauna
Infauna
Gelatinous zooplankton
Large zooplankton
Small zooplankton
Seaweed
Phytoplankton
Discards
Detritus

Prey \ predator

Toothed whales

Minke whales

0.00900
0.00600

0.10000
0.02400 0.09000

0.14290
0.20000
0.05000 0.19500
0.05000 0.19500
0.00100 0.40000
0.00100

0.00020
0.10000
0.00200
0.06000
0.05000 0.00500

0.00010

0.00490
0.02000
0.16390
0.09000

0.04000

Atlantic cod 1

Atlantic cod 2+

Rays

Sharks

Seabirds (low discard diet)

Seabirds (high discard diet)

Seals

0.02055

0.20120 0.01920

0.00785
0.00591
0.02000
0.01206 0.01427 0.03095 0.03105
0.05740 0.03720 0.02020 0.20030 0.08185 0.16545 0.23253 0.05805
0.00080
0.02660
0.00559
0.06000 0.09110 0.33860 0.00145 0.07592 0.00039 0.10304 0.00498
0.02250 0.03550 0.07300 0.05607 0.00286 0.11209 0.04737
0.19500 0.08340 0.02040 0.00679
0.02539 0.00117
0.19510 0.04000 0.01310 0.26588 0.00284 0.08103 0.10781 0.26734
0.04480 0.08670 0.12440 0.01105
0.01424 0.01396 0.02607
0.04470 0.08680 0.12480 0.00195
0.00161 0.00156 0.07204
0.07510 0.11770 0.09440 0.17918
0.05849 0.03220 0.36716
0.09000
0.01710
0.00790
0.01330 0.00640 0.01284 0.02717 0.08388
0.01600
0.07487 0.23849 0.16652 0.10093 0.00667
0.00189 0.01971 0.00308 0.00560 0.00157
0.03520 0.00160
0.04122 0.00656 0.04353 0.07747 0.01519
0.00679
0.00480
0.10740 0.00130 0.10363 0.41404 0.02828 0.11337 0.04108
0.05010 0.08210 0.00485 0.02913 0.00140 0.00324 0.00109
0.01170
0.00008
0.01260 0.01720 0.00004 0.00193 0.00001 0.00006 0.00033
0.00009 0.00278
0.00003 0.00051
0.00070

0.00200

0.00900
0.00355
0.04500
0.03950
0.01430
0.00900 0.01190
0.00105 0.09678
0.03100
0.03680
0.01589
0.19308 0.03993 0.13782

Whiting 2+

Haddock 2+

Whiting 1

European plaice 2+
0.06827 0.04858
0.03671

European plaice 1

Haddock 1

European hake
Monkfish
Flatfish

0.01370
0.01367
0.04600 0.08983
0.03799
0.07148 0.10565
0.17244
0.00542 0.00044
0.14467 0.11647

0.07692
0.53127
0.03881
0.22743

0.01845
0.03833
0.02429
0.02463 0.25064

0.01754

0.00590 0.15317 0.01659

0.57014

Sandeels

Common sole

0.02041 0.11091 0.03207
0.00010
0.06466 0.31747 0.09997 0.22575 0.07826
0.00107 0.00097
0.03398 0.03455 0.02149 0.00102 0.00274
0.00052 0.00028 0.00424
0.00634
0.00759
0.02177 0.03993
0.08572 0.04901
0.09174 0.44938 0.54610 0.32384 0.27896 0.22476 0.32775 0.00002
0.07755
0.02067 0.04537 0.16652 0.20317 0.36571 0.77524 0.06172
0.00262
0.21991
0.00253 0.00017 0.00064 0.00021 0.00075
0.00006 0.00001 0.06292
0.00005 0.00028 0.00308
0.05926
0.00004
0.35231
0.01072
0.00182
0.01697

0.06424 0.00830 0.02716 0.02741 0.00148
0.03254
0.16790 0.02893 0.02413
0.00130
0.51102
0.06782

0.02560 0.03192
0.00186

0.01313 0.04616

Table 26. Diet matrix from the unbalanced Irish Sea Ecopath model. Diets are weighted proportions (sum to 1).
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1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Toothed whales
Minke whales
Seals
Seabirds (high discard diet)
Seabirds (low discard diet)
Sharks
Rays
Atlantic cod 2+
Atlantic cod 1
Whiting 2+
Whiting 1
Haddock 2+
Haddock 1
European plaice 2+
European plaice 1
Common sole
Flatfish
Monkfish
European hake
Sandeels
Gurnards and dragonets
Other demersal fish
Other benthopelagic fish
Atlantic herring
European sprat
Other pelagic fish
Anadromous fish
Lobsters and large crabs
Nephrops
Shrimp
Cephalopods
Scallops
Epifauna
Infauna
Gelatinous zooplankton
Large zooplankton
Small zooplankton
Seaweed
Phytoplankton
Discards
Detritus

Prey \ predator

Other demersal fish

Gurnards and dragonets

0.07579

Atlantic herring

Other benthopelagic fish

0.10501 0.09253 0.13746
0.03851 0.00028 0.08820
0.04834
0.00640 0.04627 0.01903
0.12501 0.04505 0.00089

Anadromous fish

Other pelagic fish
0.22330 0.00136 0.09487 0.01373
0.02000

0.01897

0.01000

0.01000

0.02925

0.05000
0.02000

Lobsters and large crabs

0.11929 0.06211 0.01109
0.09444
0.07788 0.17271
0.32938

Nephrops

0.02041
0.00389

Shrimp

0.64024

0.00100
0.00200

Small zooplankton

Large zooplankton

Gelatinous zooplankton
Infauna

Epifauna

Scallops

European sprat

0.05030 0.01699 0.00270
0.22171 0.40000 0.11120 0.08000
0.08304 0.00153
0.01624 0.13919 0.06852 0.40361 0.00183

0.01000
0.09000
0.04665
0.15000 0.03500 0.00410
0.00411
0.52157 0.84329 0.24744 0.01291
0.12000 0.48458 0.49079
0.44784 0.01200
0.02756 0.13819
0.09181 0.00023 0.28082
0.10000
0.47665 0.14000 0.03000
0.12202
0.10000
0.50000 0.37500 0.50000 0.02066 0.71000 0.80000
0.12650 0.28594 0.00038
0.26564
0.50000 0.17500 0.46500
0.13800 0.17000

0.00078
0.00285
0.09052 0.00317 0.13828
0.02651 0.01180 0.01845 0.01436
0.08042 0.00302 0.01593

0.02380
0.00516 0.26732 0.07579
0.02774
0.13304 0.03008 0.07579
0.08380
0.00596 0.03259
0.17464 0.44672 0.23317 0.07579

0.00063
0.19738
0.00046
0.11455

0.01794
0.01529 0.00387

0.04116

Cephalopods

Table 26 cont. Diet matrix from the unbalanced Irish Sea Ecopath model. Diets are weighted proportions (sum to 1).
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5.2.1 Trophic level

The trophic levels of higher groups (from ‘Toothed whales’ to ‘Anadromous fish) exceed estimates from

previous Ecopath models (Figure 19). This suggests that a functional group lower down the food chain

has an overestimated trophic level, potentially due to incorrect diet estimates, which has cascaded
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throughout the food web. This issue can be addressed through diet manipulation using the Cefas diet
ranges.
6
Irish Sea: Bentley et al., (In.prep)
Irish Sea: Lees & Mackinson (2007)
North Sea: Mackinson & Daskalov (2008)

5

WCofS: Serpetti et al., (2017)

Trophic level

4

3

2

1

Toothed whales
Seals
Monkfish
Whiting 2+
Atlantic cod 2+
Sharks
European hake
Other demersal fish
Minke whales
Whiting 1
Atlantic cod 1
Other benthopelagic fish
Seabirds (low discard diet)
Gurnards and dragonets
Anadromous fish
Flatfish
Seabirds (high discard diet)
Other pelagic fish
Rays
Atlantic herring
Haddock 2+
European plaice 2+
Haddock 1
European plaice 1
Cephalopods
Sandeels
European sprat
Shrimp
Common sole
Gelatinous zooplankton
Nephrops
Lobsters and large crabs
Epifauna
Large zooplankton
Infauna
Small zooplankton
Scallops
Seaweed
Phytoplankton
Discards
Detritus

0

Figure 19. Trophic level of functional groups in the unbalanced Irish Sea Ecopath model in comparison to the trophic
levels of functional groups in existing models.

5.2.2 Biomass
Biomass in the unbalanced new Irish Sea model spans five orders of magnitude and declines by 6.4 %,
falling within the ecological range suggested by Link (2010) (Figure 20a). However, multiple groups
show variance from the trendline. Whilst marine mammals and seabirds show the largest divergence,
their biological and behavioural differences as homeotherms tend to exempt them from many of the
PREBAL ecological rules of thumb (Link, 2010). The rules are more appropriate when assessing the
trends of poikliotherms. Groups which are noticeably above the trendline include “Other benthopelagic
fish”, “Other pelagic fish”, “Epifauna” and “Infauna”. Because of a lack of survey-based data these
biomasses are estimated by the model as a product of production demands induced by fishing or
predation. In this case predation drives the high biomass estimates allowing them to be reduced by
adjusting their diet ranges or increasing 𝑃/𝐵 estimates. “Seaweed”, “Atlantic herring”, “Whiting 2+”
and “Cod 2+” also lie above the trend line, however as these biomass estimates are taken either from
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ICES stock assessments or literature it is harder to justify adjusting them on an ‘ad hoc’ basis. As long
as the overall trend of increasing biomass with decreasing trophic level is maintained, a few deviations
are acceptable.

5.2.3 Production/biomass
𝑃/𝐵 in the unbalanced model spans five orders of magnitude and declines by 4.7 % across trophic
levels, falling within the ecological range suggested by Link (2010) (Figure 20b). Overall there is little
deviation from the trend line with the exception of homeotherm groups reflecting their higher
consumptive demands per unit of body mass compared with poikliotherms. The majority of the
estimates from the new unbalanced model are in line with those from previous models. “Epifauna” and
“Infauna” have a relatively low 𝑃/𝐵 in reference to the trend line and previous models (WCofS) which
if adjusted would also help reduce their overestimated biomasses.

5.2.4 Consumption/biomass
𝑄/𝐵 is expected to decline with increasing trophic level following basic energetic assumptions.
Homeotherms are also expected to exceed the trendline. Seabirds in particular have been reported to
have extremely high 𝑄/𝐵 ratios due to their energy demanding life style (Bentley et al., 2017, Peters,
1986). Overall 𝑄/𝐵 spans three orders of magnitude and declines by 2.8% across trophic level (Figure
20c). This decline is slight, which is in line with expectations, however it is likely influenced by high
homeotherm estimates.

5.2.5 Production/consumption
The majority of functional groups fall within the suggested 𝑃/𝑄 range of 0.1-0.3 (Figure 20d), with the
exception of marine mammals and seabirds which tend to have fractions below 0.1 as they are slow
producing and the energy from consumption is prioritised for other physiological processes such as
thermoregulation. “Sharks” and “Gurnards and dragonets” fall below the suggested 0.1 and therefore
need to be amended.

5.2.6 Respiration/assimilation
All respiration/assimilation values fall below 1.
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Irish Sea: Bentley et al., (In.prep)
Irish Sea: Lees & Mackinson (2007)
North Sea: Mackinson & Daskalov (2008)
WCofS: Serpetti et al., (2017)
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Figure 20. Prebalance diagnostics for the Irish Sea Ecopath model: (a) Biomass (B), (b) Production/Biomass (P/B), (c)
Consumption/Biomass (Q/B) and (d) Production/Consumption (P/Q) with increasing trophic level (TL; left to right). Functional
groups with dashed bars have values estimated by the model. The black dotted lines represent the parameter trend lines for
B, P/B and Q/B. Dashed lines for P/Q represent suggested upper and lower ecological limits. Linear regression trends are
plotted for B, P/B and Q/B as these parameters are expected to decrease with increasing TL. Estimates are compared to
existing models
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5.3 Balancing the Irish Sea model
Model estimates were systematically balanced by altering basic input parameters and group diet data
based on the PREBAL diagnostics. Groups which had the highest 𝐸𝐸 estimates were adjusted first as
this may often improve other imbalances throughout the model (Heymans et al., 2016). The vast
majority of imbalances in the model were corrected by adjusting the diets of functional groups using
the ranges of plausible flows obtained from the Cefas fish stomach records. Diets were held within the
range of the minimum and maximum proportions observed in the dataset. The diets taken from
literature for marine mammals, seabirds and invertebrates were left unadjusted. Changes made to the
diet matrix in an effort to reduce unbalanced 𝐸𝐸 estimates can be seen in Figure 19. Other changes
made to functional group input parameters, either to fix ecological issues or reduce 𝐸𝐸 estimates (in
the cases where diet manipulation were not enough) are listed below:

5.3.1 FG6: Sharks
The 𝑃/𝑄 for sharks was underestimated by the model at 0.06. Ecologically, sharks should fall within the
0.1-0.3 range albeit towards the lower limit as they are relatively slow to reproduce when compared
with other poikliotherms. An estimate of 0.1 was directly input for sharks 𝑃/𝑄. The model was left to
estimate sharks 𝑃/𝐵 which increased from 0.25 year-1 to 0.4 year-1, closer to estimates from the other
existing models.

5.3.2 FG7: Rays
The unbalanced 𝐸𝐸 for rays was resultant of a high fishing mortality. This could not be resolved through
diet manipulation as few functional groups appear to predate upon rays. The highest source of ray
mortality is fishing. Landings were taken from 1973 whilst the biomass data stemmed from more recent
surveys. To increase the available biomass, initially an 𝐸𝐸 of 0.95 was estimated for rays suggesting
that 95 % of their mortality was due to fishing. Whilst fishing is likely to be the main source of ray
mortality, assigning 95% of their mortality to fishing produces unrealistic biomass responses to
changing fishing effort in Ecosim. 𝐸𝐸 was therefore reduced to 0.5 to reduce the impact of fishing
effort on biomass trends. With an 𝐸𝐸 of 0.5 the estimated area-based biomass increased from 0.1 t.km2

to 0.25 t.km-2.

5.3.3 FG11: Whiting 1
With the initial 𝑃/𝐵 diet changes alone were ineffective at balancing 𝐸𝐸 for juvenile whiting. The 𝑃/𝐵
of juvenile whiting was therefore raised from 1.2 year-1 to 1.7 year-1. The new 𝑃/𝐵 estimate was taken
from the WCofS model (Serpetti et al., 2017) and is an intermediate value from the three other Ecopath
models used for comparison.
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5.3.4 FG19: European hake
The majority of mortality experienced by hake in the model is from fishing. With relatively little
predation upon hake the unbalanced model assumed that fishing accounted for roughly all hake
mortality in the Irish Sea. However, this results in unstable dynamics in Ecosim. The 𝐸𝐸 of European
hake was therefore reduced from 0.95 to 0.5. With an 𝐸𝐸 of 0.5, hake biomass increased from 0.05
t.km-2 to 0.09 t.km-2.

5.3.5 FG21: Gurnards and dragonets
The 𝐸𝐸 for gurnards and dragonets was greater than 1 and their 𝑃/𝑄 was low (< 0.1). The initial 𝑃/𝐵
estimate of 0.52 year-1, was low when compared to the other Ecopath models for: the Irish Sea (1.54
year-1 for dragonets and 2.21 year-1 for gurnards); WCofS (0.824 year-1 for gurnards); and North Sea
(0.82 year-1 for gurnards and 1.44 year-1 for dragonets). A 𝑃/𝑄 of 0.25 was therefore entered into the
new model, leaving a new 𝑃/𝐵 to be estimated. As a result 𝑃/𝐵 increased from 0.52 year-1 to 1.4 year1

(within the range of previous models) and 𝐸𝐸 fell below 1.

5.3.6 FG22: Other demersal fish
During model balancing problems arose with the “other demersal fish” group due to new diet
allocations. To address this an 𝐸𝐸 of 0.95 was applied which raised the estimated area-based biomass
from 0.16 t.km-2 to 0.27 t.km-2.

5.3.7 FG23: Other benthopelagic fish
The 𝑃/𝑄 of benthopelagic fish was considerably lower than existing model estimates and was therefore
raised from 0.15 to 0.25, similar to other demersal and gadoid functional groups in the model. This
alteration raises the estimated 𝑃/𝐵 for benthopelagic fish and decreases the estimated biomass,
reducing the consumption pressure of benthopelagic fish on other food web components.

5.3.8 FG28: Lobsters and large crabs
Biomass was estimated for lobsters and large crabs using an 𝐸𝐸 of 0.95. This follows the methods of
the WCofS model (Serpetti et al., 2017) and was deemed acceptable due to the low confidence in the
initial biomass estimate which was derived from the BTS-VIIa. Because these organisms are associated
with rocky habitat their biomasses are likely to be poorly estimated in the beam trawl survey. As a result
of the adjustment area-based biomass increased from 0.24 t.km-2 to 0.5 t.km-2.

5.3.9 FG29: Nephrops
As with lobsters and large crabs, biomass was estimated for Nephrops using an 𝐸𝐸 of 0.95. Because
Nephrops spend large amounts of time within burrows their biomasses are likely to be poorly estimated
in the beam trawl survey. This adjustment balanced the group and biomass increased from 0.26 t.km-2
to 0.86 t.km-2.
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5.3.10 FG31: Cephalopods
To balance cephalopods, their biomass was estimated using an 𝐸𝐸 of 0.95 as in the WCofS model. It
was deemed reasonable to estimate cephalopod biomass as the BTS and NIGFS survey methods
operate close to the seabed are therefore likely to underrepresent species which spend extended
periods higher in the water column. Their estimated biomass increased from 0.11 t.km-2 to 0.3 t.km-2.

5.3.11 FG33: Epifauna
Due to a lack of reliable survey data the biomass of epifauna was estimated by the model. The epifauna
biomass estimate of 29.5 t.km-2 seemed unrealistically high compared with estimates from the similarly
structured WCofS model (2.81 t.km-2). To reduce the large biomass estimate for Epifauna, 𝑃/𝐵 was
increased from 1 year-1 to 20 year-1. This estimate was used for the epifauna functional group in the
WCofS model, the Haggan and Pitcher (2005) WCofS model and the North Sea model (Mackinson,
2001). As with these models, the 𝑃/𝑄 for epifauna was raised from 0.15 to 0.25. These changes
decreased the estimated area-based biomass from 29.5 t.km-2 to 1.5 t.km-2 and increased 𝑄/𝐵 from
6.69 year-1 to 80 year-1 (in agreement with the WCofS estimate).

5.3.12 FG34: Infauna
Due to a lack of reliable survey data the biomass of infauna was estimated by the model. The infauna
biomass estimate of 30.7 t.km-2 seemed unrealistically high compared with estimates from the similarly
structured WCofS model (3.05 t.km-2). The same approach was taken for Infauna as was taken for
Epifauna. 𝑃/𝐵 was increased from 1.7 year-1 to 20 year-1 (Serpetti et al., 2017, Haggan and Pitcher,
2005, Morissette et al., 2003) and the 𝑃/𝑄 was raised from 0.15 to 0.25. These changes decreased the
estimated biomass from 30.7 t.km-2 to 2.2 t.km-2 and increased 𝑄/𝐵 from 11.33 year-1 to 80 year-1
(same as WCofS estimate).

5.3.13 FG35: Gelatinous zooplankton
The unbalanced EE for gelatinous zooplankton is likely resultant of an underestimated biomass. The
original biomass represented large jellies and, due to limited data, did not account for Ctenophores or
Sagitta. To balance gelatinous zooplankton, their biomass was therefore estimated using an 𝐸𝐸 of 0.95
(0.99 used in the previous Irish Sea model (Lees and Mackinson, 2007)). Their estimated biomass
increased from 1.11 t.km-2 to 2.77 t.km-2.
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5.3.14 Diet alterations

Figure 21. Balanced diets of functional groups with Cefas stomach records. Average diets were attributed to functional groups
in the unbalanced model (black mean line inside blue bars). Red dots indicated proportions allocated in the balanced diets.
Proportions from generic prey items (orange bars) were split proportionally between appropriate functional groups.
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Figure 21 cont. Balanced diets of functional groups with Cefas stomach records. Average diets were attributed to functional
groups in the unbalanced model (black mean line inside blue bars). Red dots indicated proportions allocated in the balanced
diets. Proportions from generic prey items (orange bars) were split proportionally between appropriate functional groups.
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Figure 21 cont. Balanced diets of functional groups with Cefas stomach records. Average diets were attributed to functional
groups in the unbalanced model (black mean line inside blue bars). Red dots indicated proportions allocated in the balanced
diets. Proportions from generic prey items (orange bars) were split proportionally between appropriate functional groups.
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Figure 21 cont. Balanced diets of functional groups with Cefas stomach records. Average diets were attributed to functional
groups in the unbalanced model (black mean line inside blue bars). Red dots indicated proportions allocated in the balanced
diets. Proportions from generic prey items (orange bars) were split proportionally between appropriate functional groups.
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Figure 21 cont. Balanced diets of functional groups with Cefas stomach records. Average diets were attributed to functional
groups in the unbalanced model (black mean line inside blue bars). Red dots indicated proportions allocated in the balanced
diets. Proportions from generic prey items (orange bars) were split proportionally between appropriate functional groups.
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Figure 21 cont. Balanced diets of functional groups with Cefas stomach records. Average diets were attributed to functional
groups in the unbalanced model (black mean line inside blue bars). Red dots indicated proportions allocated in the balanced
diets. Proportions from generic prey items (orange bars) were split proportionally between appropriate functional groups.

5.4 Balanced model and post-balance diagnostics
Basic estimates and diet interactions for the new balanced Irish Sea Ecopath model are shown in
Tables 27 and 28 respectively. The changes made to the diet matrix do not fall outside of plausible
estimates based on the Cefas stomach records and therefore served as a base model for conducting
uncertainty analysis using LIM techniques with the stomach record data (Chapter 2).

5.4.1 Trophic level
Post-balance diagnostics (POSTBAL) indicate that the diet changes made during balancing successfully
brought the overestimated trophic levels observed in the PREBAL analysis in line with the other Ecopath
models used for comparison (Figure 22).

5.4.2 Biomass
Heavy prey/predator interactions between “Other pelagic fish” and “Other benthopelagic fish”, as well
as cannibalism, resulted in a feedback loop within the system. The total mortality these groups placed
upon each other and themselves produced overinflated biomass estimates to fulfil the production
requirements. This is turn cascaded across other functional groups due to the huge consumption
pressures placed on them by pelagic and benthopelagic fish. Resolving this biomass issue via diet
manipulation reduced the 𝐸𝐸 estimates of many other functional groups. Biomass now declines over
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six orders of magnitude by 7% across trophic levels, which is, however, still within the suggested
ecological range (Link, 2010) (Figure 23a).
Table 27. Basic estimates from the balanced model of the Irish Sea. Numbers highlighted in blue
have been estimated by Ecopath.
Functional group

TL

-2

-1

-1

Biomass (t.km ) P/B (year ) Q/B (year )

EE

P/Q

1 Toothed whales

4.769

0.005

0.020

15.520

0.642 0.001

2 Minke whales

4.325

0.066

0.020

6.580

0.136 0.003

3 Seals

4.674

0.002

0.060

14.430

0.117 0.004

4 Seabirds (high discard diet) 3.810

0.002

0.400

66.020

0.000 0.006

5 Seabirds (low discard diet)

4.225

0.002

0.400

69.210

0.000 0.006

6 Sharks

4.184

0.290

0.401

4.010

0.421 0.100

7 Rays

3.651

0.250

0.845

3.280

0.500 0.258

8 Atlantic cod 2+

4.408

0.339

0.820

3.120

0.840 0.263

9 Atlantic cod 1

4.111

0.066

1.010

7.641

0.688 0.132

10 Whiting 2+

4.181

0.560

0.762

5.390

0.856 0.141

11 Whiting 1

4.062

0.268

1.700

12.221

0.885 0.139

12 Haddock 2+

3.695

0.086

0.890

4.420

0.955 0.201

13 Haddock 1

3.449

0.082

2.440

11.560

0.538 0.211

14 European plaice 2+

3.015

0.155

0.790

3.750

0.863 0.211

15 European plaice 1

3.293

0.031

1.380

10.365

0.678 0.133

16 Common sole

3.117

0.113

0.810

5.610

0.941 0.144

17 Flatfish

3.809

0.470

1.518

6.070

0.880 0.250

18 Monkfish

4.616

0.033

0.490

2.746

0.992 0.178

19 European hake

4.016

0.089

0.981

3.924

0.500 0.250

20 Sandeels

3.271

0.758

2.053

8.210

0.950 0.250

21 Gurnards and dragonets

3.672

0.340

1.403

5.610

0.937 0.250

22 Other demersal fish

4.177

0.268

0.960

4.320

0.950 0.222

23 Other benthopelagic fish

3.258

1.200

1.845

7.380

0.950 0.250

24 Atlantic herring

3.166

1.750

1.250

6.590

0.557 0.190

25 European sprat

3.144

2.005

2.425

9.700

0.950 0.250

26 Other pelagic fish

3.588

3.124

1.278

5.110

0.950 0.250

27 Anadromous fish

4.171

0.030

0.644

3.170

0.678 0.203

28 Lobsters and large crabs

2.713

0.499

0.620

4.133

0.950 0.150

29 Nephrops

2.938

0.864

1.270

8.467

0.950 0.150

30 Shrimp

3.135

1.776

2.670

17.800

0.950 0.150

31 Cephalopods

3.310

0.305

1.981

15.000

0.950 0.132

32 Scallops

2.000

1.354

1.146

7.643

0.950 0.150

33 Epifauna

2.394

1.455

20.000

80.000

0.950 0.250

34 Infauna

2.036

2.233

20.000

80.000

0.950 0.250

35 Gelatinous zooplankton

3.088

2.775

0.564

1.880

0.950 0.300

36 Large zooplankton

2.158

6.275

10.000

33.333

0.950 0.300

37 Small zooplankton

2.031

3.530

18.000

60.000

0.950 0.300

38 Seaweed

1.000

75.000

1.000

0.000

0.169

39 Phytoplankton

1.000

13.830

70.140

0.000

0.470

40 Discards

1.000

0.103

0.111

41 Detritus

1.000

100.000

0.230
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1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Toothed whales
Minke whales
Seals
Seabirds (high discard diet)
Seabirds (low discard diet)
Sharks
Rays
Atlantic cod 2+
Atlantic cod 1
Whiting 2+
Whiting 1
Haddock 2+
Haddock 1
European plaice 2+
European plaice 1
Common sole
Flatfish
Monkfish
European hake
Sandeels
Gurnards and dragonets
Other demersal fish
Other benthopelagic fish
Atlantic herring
European sprat
Other pelagic fish
Anadromous fish
Lobsters and large crabs
Nephrops
Shrimp
Cephalopods
Scallops
Epifauna
Infauna
Gelatinous zooplankton
Large zooplankton
Small zooplankton
Seaweed
Phytoplankton
Discards
Detritus

Prey \ predator

Toothed whales

Minke whales

0.00900
0.00600

0.10000
0.02400 0.09000

0.14290
0.20000
0.05000 0.19500
0.05000 0.19500
0.00100 0.40000
0.00100

0.00020
0.10000
0.00200
0.06000
0.05000 0.00500

0.00010

0.00490
0.02000
0.16390
0.09000

0.04000

Atlantic cod 1

Atlantic cod 2+

Rays

Sharks

Seabirds (low discard diet)

Seabirds (high discard diet)

Seals
0.20120 0.01920

0.00900
0.04500
0.03950
0.01430 0.00100 0.03500
0.00900 0.01190
0.00100 0.02000
0.03100
0.00400
0.08960 0.00500
0.03680
0.01200
0.05000 0.01500
0.02500
0.09895
0.00200
0.00137
0.00094
0.02000
0.00284
0.02000
0.00800 0.00500 0.01000 0.01699
0.05740 0.03720 0.02020 0.10000 0.05000 0.08846 0.15000
0.00080
0.02660
0.00357
0.06000 0.09110 0.33860 0.00200 0.07597
0.10499
0.02250 0.03550 0.07300 0.06950 0.00300 0.07000 0.04800
0.19500 0.08340 0.02040 0.00700
0.02752 0.00100
0.19510 0.04000 0.01310 0.19808 0.00300 0.06921 0.07199
0.04480 0.08670 0.12440 0.01100
0.05000 0.05000
0.04470 0.08680 0.12480 0.00200
0.00201 0.00200
0.07510 0.11770 0.09440 0.19607
0.05918 0.03300
0.09000
0.01710
0.00790
0.01330 0.01400 0.01279 0.03561 0.10859
0.01600
0.07493 0.05000 0.17000 0.10089
0.00190 0.01969 0.00311 0.00560
0.03520 0.00160
0.03730 0.00660 0.04300 0.07749
0.00680
0.00480
0.10740 0.00130 0.22600 0.58729 0.04439 0.20083
0.05010 0.08210 0.00490 0.12696 0.00140 0.00320
0.05508
0.01260 0.01720 0.00004 0.00190 0.00009 0.00032
0.00039 0.00280 0.00004 0.00032
0.00070

Haddock 2+

Whiting 1

European plaice 2+
0.06801 0.04900
0.03700

European plaice 1

Haddock 1

European hake
Monkfish
Flatfish

0.01140
0.01174
0.02000 0.07490
0.03170
0.06297 0.10810
0.15896
0.01754 0.00036
0.12701 0.20000

0.10000
0.40000
0.01916
0.19862

0.03000
0.00500
0.01199
0.02135 0.16000

0.00866

0.00107
0.00427 0.18340 0.00819

0.15000

Sandeels

Common sole

0.25885 0.07829

0.02040 0.03647 0.01500
0.00011
0.00671 0.06469 0.31756 0.10003
0.00117 0.00097
0.00160 0.03399 0.03461 0.02151 0.00100 0.00270
0.00053 0.00028 0.00339
0.01522
0.00630
0.00760
0.01000 0.03990
0.08572 0.04900
0.17726 0.14700 0.44949 0.60000 0.34097 0.27897 0.22476 0.37786 0.00002
0.15000
0.03500 0.05000 0.04541 0.17480 0.20324 0.36566 0.77524 0.08615
0.00010 0.00260
0.23471
0.00030 0.00250 0.00020 0.00377 0.00020 0.00070
0.00011 0.00001 0.25000
0.00050
0.00030 0.01241
0.05929
0.00026
0.70000
0.01070
0.00180
0.01814

0.15000 0.06399 0.00800 0.02701 0.02701 0.00100
0.03637
0.28022 0.41124 0.02901 0.02401
0.00100
0.15000 0.19000
0.06799

0.00501 0.02599 0.03201
0.00200

0.04201 0.00600 0.04601

0.03000
0.06970

Whiting 2+

Table 28. Diet matrix from the balanced Irish Sea Ecopath model. Diets are weighted proportions (sum to 1).
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1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Toothed whales
Minke whales
Seals
Seabirds (high discard diet)
Seabirds (low discard diet)
Sharks
Rays
Atlantic cod 2+
Atlantic cod 1
Whiting 2+
Whiting 1
Haddock 2+
Haddock 1
European plaice 2+
European plaice 1
Common sole
Flatfish
Monkfish
European hake
Sandeels
Gurnards and dragonets
Other demersal fish
Other benthopelagic fish
Atlantic herring
European sprat
Other pelagic fish
Anadromous fish
Lobsters and large crabs
Nephrops
Shrimp
Cephalopods
Scallops
Epifauna
Infauna
Gelatinous zooplankton
Large zooplankton
Small zooplankton
Seaweed
Phytoplankton
Discards
Detritus

Prey \ predator

Other demersal fish

Gurnards and dragonets

0.00001

Atlantic herring

Other benthopelagic fish

0.10499 0.20843 0.35000
0.03850 0.00028 0.28418
0.08230
0.02611 0.04630 0.14088
0.39814 0.04510 0.00584
0.07770

Cephalopods

Other pelagic fish
0.22321 0.00271 0.09487 0.01373
0.02000

0.01897

0.01000

0.01000

0.02925

0.05000
0.02000

Anadromous fish

0.01000 0.07570 0.01109
0.13329
0.13000 0.13000
0.05000

Lobsters and large crabs

0.02041
0.00389

Nephrops

0.60000

0.00100
0.00200

Small zooplankton

Large zooplankton

Gelatinous zooplankton

Infauna

Epifauna

Scallops

European sprat

0.05030 0.01699 0.00270
0.22171 0.40000 0.11120 0.08000
0.08304 0.00153
0.03250 0.13919 0.06852 0.40361 0.00183

0.01000
0.09000
0.04665
0.15000 0.03500 0.00410
0.00411
0.79226 0.84329 0.58409 0.02580
0.12000 0.48458 0.49079
0.44784 0.01200
0.06000 0.13819
0.09181 0.00023 0.28082
0.10000
0.47665 0.14000 0.03000
0.12202
0.10000
0.50000 0.37500 0.50000 0.02066 0.71000 0.80000
0.12650 0.28594 0.00038
0.26564
0.50000 0.17500 0.46500
0.13800 0.17000

0.00080
0.00310
0.02000 0.00317 0.01000
0.02650 0.05000 0.01600 0.01436
0.03800 0.00302 0.00500

0.00100 0.01660
0.03000 0.00360 0.01000 0.00001
0.10000
0.11499 0.10000 0.00500 0.00001
0.05840
0.00600 0.02270
0.17498 0.31100 0.01000 0.00001

0.00500
0.01500 0.00270

0.02870

Shrimp

Table 28 cont. Diet matrix from the balanced Irish Sea Ecopath model. Diets are weighted proportions (sum to 1).
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6
Irish Sea: Bentley et al., (In prep.)

Irish Sea: Lees and Mackinson (2007)
North Sea: Mackinson & Daskalov (2008)

5

WCofS: Serpetti et al., (2017)
Unbalanced trophic level

Trophic level

4

3

2

1

Toothed whales
Seals
Monkfish
Atlantic cod 2+
Minke whales
Seabirds (low discard diet)
Sharks
Whiting 2+
Other demersal fish
Anadromous fish
Atlantic cod 1
Whiting 1
European hake
Seabirds (high discard diet)
Flatfish
Haddock 2+
Gurnards and dragonets
Rays
Other pelagic fish
Haddock 1
Cephalopods
European plaice 1
Sandeels
Other benthopelagic fish
Atlantic herring
European sprat
Shrimp
Common sole
Gelatinous zooplankton
European plaice 2+
Nephrops
Lobsters and large crabs
Epifauna
Large zooplankton
Infauna
Small zooplankton
Scallops
Seaweed
Phytoplankton
Discards
Detritus

0

Figure 22. Trophic level of functional groups in the balanced Irish Sea Ecopath model in comparison to the trophic levels
of functional groups in existing models and the unbalanced Irish Sea model.

5.4.3 Production/biomass
𝑃/𝐵 in the balanced model declines over five orders of magnitude by 7.6 % across trophic levels. This
is a steeper decline than observed in the unbalanced model and is likely due to the increased 𝑃/𝐵 of
epifauna and infauna (Figure 23b). As the majority of balancing changes occurred in the diet matrix,
little else has changed between the PREBAL and POSTBAL 𝑃/𝐵 analysis. The trend is still consistent with
ecological rules of thumb.

5.4.4 Consumption/biomass
𝑄/𝐵 declines over three orders of magnitude by 11.37 % across trophic levels (Figure 23c). This is a
much steeper decline that in the PREBAL analysis and is again due to the marked increase in these
parameter estimates for epifauna and infauna. These are the only 𝑄/𝐵 values to have changed during
the balancing process.

5.4.5 Production/consumption
All 𝑃/𝑄 estimates for poikliotherms now fall within the range of 0.1-0.3 (Figure 23d).

5.4.6 Respiration/assimilation
All respiration/assimilation values fall below 1.
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Scallops

Epifauna

Nephrops

Sandeels

Flatfish

Haddock 2+

Gurnards and dragonets

Toothed whales

Seals

Monkfish

Atlantic cod 2+

Minke whales

Seabirds (low discard diet)

Sharks

Whiting 2+

Other demersal fish

Anadromous fish

Atlantic cod 1

Whiting 1

European hake

Seabirds (high discard diet)

Trophic level

Rays

Other pelagic fish

Haddock 1

Cephalopods

European plaice 1

10

Other benthopelagic fish

100

Atlantic herring

European sprat

Shrimp

Common sole

Gelatinous zooplankton

European plaice 2+

d)

Lobsters and large crabs

b)
Seaweed
Phytoplankton
Discards
Detritus
Scallops
Small zooplankton
Infauna
Large zooplankton
Epifauna
Lobsters and large crabs
Nephrops
European plaice 2+
Gelatinous zooplankton
Common sole
Shrimp
European sprat
Atlantic herring
Other benthopelagic fish
Sandeels
European plaice 1
Cephalopods
Haddock 1
Other pelagic fish
Rays
Gurnards and dragonets
Haddock 2+
Flatfish
Seabirds (high discard diet)
European hake
Whiting 1
Atlantic cod 1
Anadromous fish
Other demersal fish
Whiting 2+
Sharks
Seabirds (low discard diet)
Minke whales
Atlantic cod 2+
Monkfish
Seals
Toothed whales

Log biomass (t.km-2)

10

Infauna

c)
Seaweed
Phytoplankton
Scallops
Small zooplankton
Infauna
Large zooplankton
Epifauna
Lobsters and large crabs
Nephrops
European plaice 2+
Gelatinous zooplankton
Common sole
Shrimp
European sprat
Atlantic herring
Other benthopelagic fish
Sandeels
European plaice 1
Cephalopods
Haddock 1
Other pelagic fish
Rays
Gurnards and dragonets
Haddock 2+
Flatfish
Seabirds (high discard diet)
European hake
Whiting 1
Atlantic cod 1
Anadromous fish
Other demersal fish
Whiting 2+
Sharks
Seabirds (low discard diet)
Minke whales
Atlantic cod 2+
Monkfish
Seals
Toothed whales

100

Large zooplankton

Scallops
Small zooplankton
Infauna
Large zooplankton
Epifauna
Lobsters and large crabs
Nephrops
European plaice 2+
Gelatinous zooplankton
Common sole
Shrimp
European sprat
Atlantic herring
Other benthopelagic fish
Sandeels
European plaice 1
Cephalopods
Haddock 1
Other pelagic fish
Rays
Gurnards and dragonets
Haddock 2+
Flatfish
Seabirds (high discard diet)
European hake
Whiting 1
Atlantic cod 1
Anadromous fish
Other demersal fish
Whiting 2+
Sharks
Seabirds (low discard diet)
Minke whales
Atlantic cod 2+
Monkfish
Seals
Toothed whales

Log Production/Biomass (year-1)

a)

Small zooplankton

Production/Consumption

Log Production/Biomass (year-1)
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1

0.1

0.01

0.001

Irish Sea: Bentley et al., (In.prep)
Irish Sea: Lees & Mackinson (2007)
North Sea: Mackinson & Daskalov (2008)
WCofS: Serpetti et al., (2017)
Unbalanced P/B

1

0.1

0.01

100

10

1

0.5
Trophic level

0.45

0.35
0.4

0.25
0.3

0.15
0.2

0.05

0.1

0

Figure 23. Post-balance diagnostics for the Irish Sea Ecopath model: (a) Biomass (B), (b) Production/Biomass (P/B), (c)
Consumption/Biomass (Q/B) and (d) Production/Consumption (P/Q) with increasing trophic level (TL; left to right). Functional
groups with dashed bars have values estimated by the model. The black dotted lines represent the parameter trend lines for
B, P/B and Q/B. Dashed lines for P/Q represent suggested upper and lower ecological limits. Linear regression trends are
plotted for B, P/B and Q/B as these parameters are expected to decrease with increasing TL. Estimates are compared to
existing models and the unbalanced model.
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5.5 Mixed trophic impact analysis
Mixed trophic impact analysis was used to investigate how the balanced system reacts to internal
change. The impacts of an increase in biomass in one group (functional group or fleet) on other groups
within the system can be explored using a mixed trophic impact plot (Figure 24). The positive impact a
prey has upon a predator is determined by the proportion the prey constitutes to the predator’s diet.
The negative impact a predator has upon its prey is expressed as the proportion the predator
contributes to the prey’s overall predation. The net impact is therefore the differences between
positive and negative impacts (Christensen and Pauly, 1992). Mixed trophic cluster analysis using
similarity profile tests (SIMPROF) were used to identify groups which impact the system (Figure 25) or
are impacted by the system (Figure 26) in similar ways.
The mixed trophic impact routine (MTI) shows that functional groups have a negative impact on
themselves due to within-group competition. Increasing biomass of marine mammals, commercial fish
stocks (cod, whiting, haddock, plaice), primary producers and detritus groups tend to have generally
positive impacts on the biomass of other functional groups. These tend to be groups at the top and
bottom of the food web, suggesting top-down and bottom-up drivers are important regulators of
ecosystem function. It is notable, however, that increasing haddock biomass (adults and juveniles)
negatively impacts the biomass of adult cod. This is likely due to niche overlap and resource
competition. Whilst further analysis is necessary, this relationship is particularly interesting when
considering the fact that haddock biomass has markedly increased in recent years whilst cod has
remained low and failed to respond to management changes. Increasing biomass of seabirds, sole,
gurnards and dragonets, benthopelagic fish and fishing fleets (excluding beam and otter trawls)
negatively impacts the biomass of other functional groups.
Cluster analysis of the MTI indicates that there are five distinct amalgamations of functional groups that
impact the ecosystem in similar ways by sharing similar niches of interactions: (1) marine mammals, (2)
top predators (including discards), (3) juvenile fish (excluding cod and whiting), (4) benthos, jellies and
anadromous fish and (5) a varied group (fish, inverts, fleets, birds). Groups which have significantly
unique impacts on the ecosystem include adult plaice, common sole, pelagic nets and dredge. There
are only two significantly distinct amalgamations of groups which are impacted in a similar way: (1)
large zooplankton and phytoplankton, (2) a varied group including 35/41 of the functional groups.
Groups which are impacted in significantly unique ways include pelagic nets, gill nets, Atlantic herring
and epifauna. Closer inspection of the cluster structures show ecological and functional similarities
between groups placed closer together
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Figure 24. Mixed trophic
impact plot, assessing the
impact that changes in
the biomass of a group
will have on other groups
in the system.
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Figure 25. Mixed trophic impact
cluster analysis (complete linkage)
using Euclidean distance resemblance
measures. Resemblance indicates the
similarity in which functional groups
and fleets are impacting the Irish Sea
system. Groups inside the same blue
box share ≥ 5 % similarity based on
similarity profile tests (SIMPROF).
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Figure 26. Mixed trophic impact cluster analysis (complete linkage)
using Euclidean distance resemblance measures. Resemblance
indicates the similarity in which functional groups and fleets are
impacted the Irish Sea system. Groups inside the same blue box
share ≥ 5 % similarity based on similarity profile tests (SIMPROF).
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Final conclusion

6 Final conclusion
This report encapsulates the construction of an Ecopath model representing the food web of the Irish
Sea in 1973 (Figure 27). The model was constructed using ICES survey estimates and commonly used
methods to calculate biological parameters for production and consumption ratios. The model
incorporates novel methods for diet assignment using long term stomach records from DAPSTOM,
facilitating the future venture into data-derived diet uncertainty analysis. Additional stakeholder
information collected during stakeholder workshops considers predator diets and historic fishing
efforts. The addition of fishers diets resulted in a number of changes to the model including increased
discard consumption (due to stakeholder capacity to identify secondary consumption), higher
predation upon commercial species and strong alterations to the trophic links between rays and the
wider ecosystem. Stakeholder knowledge also led to structural alterations. European hake and
monkfish were split into independent groups due to the addition of diet links diverging from the other
demersal fish group, whilst pollack and saithe were added to the other demersal group due to fishers
limited interest in the species. The fishing effort trends will be explored in Ecosim.
Otter trawls
5

Toothed whales
Monkfish

Seals

Seabirds (low discard diet)

Whiting 2+
Sharks
Whiting 1

4
Seabirds (high discard diet)

Trophic level

Nephrops trawl

Atlantic cod 2+

Minke whales

Other demersal fish

Atlantic cod 1

Anadromous fish European hake
Flatfish
Gurnards and dragonets

Haddock 2+
Rays

Haddock 1
Sandeels

Gelatinous zooplankton

Pots

Other pelagic fish
Other benthopelagic fish Atlantic herring

Cephalopods

European plaice 1
Common sole

3

Beam trawls
Other gear
Pelagic nets

Gill nets

European sprat

Dredge

Shrimp

European plaice 2+

Nephrops
Lobsters and large crabs

Large zooplankton
Epifauna
2

Small zooplankton
Infauna

Seaweed

1

Discards

Scallops

Detritus

Phytoplankton

Figure 27. Energy flow and biomass diagram for the Irish Sea Ecopath foodweb model. Functional groups and fleets are
represented by nodes, the relative size of which denotes their biomass in the ecosystem. Lines represent the flow of energy and
the y-axis denotes group trophic level. Red arrows denote trophic interactions highlighted by stakeholders which were not
directly specified in the fish stomach records or literature.
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