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Samenvatting 

De antropogene klimaatsverandering heeft de belangstelling voor hernieuwbare 

energiebronnen aangewakkerd. De verhoogde implementatie van offshore windmolenparken 

(OWP) wordt gereflecteerd in een toenemend aantal wetenschappelijke studies, betreffende de 

impact van deze OWP op het mariene ecosysteem. De bekommernis gaat voornamelijk uit 

naar potentiële negatieve impacts, onder meer habitatverlies, geluidsoverlast en 

electromagnetische stralingen. Daartegenover staat de groeiende bewijslast dat OWP een 

positieve invloed kunnen hebben op de mariene omgeving. OWP, gesloten voor visserij, 

kunnen beschouwd worden als de facto mariene beschermde gebieden.  Daarenboven 

manifesteren de OWP zich als artificiële riffen (AR), en dragen bij tot de ontwikkeling van de 

lokale biodiversiteit. Aanvankelijk werd gedacht dat de hoge densiteit van ichtyofauna rond de 

AR een indicatie was van een verhoogde productiviteit. In 1983 lanceerde men een 

alternatieve hypothese, die betoogt dat AR  de vispopulaties uitsluitend aantrekken, zonder 

een verhoogde lokale productie. Deze controverse staat bekend als het “attractie-productie 

debat”. Veel studies wijzen op de pragmatische aanwending van AR op de bevordering van 

een duurzame visserij. Als deze AR echter louter vis aantrekken, eerder dan de lokale 

productie te verhogen, kunnen deze AR overbevissing stimuleren.  Zodoende is het,  met het 

oog op het behoud van mariene biodiversiteit en duurzame visserij, cruciaal om te achterhalen 

of de OWP louter de vissen aggregeren of effectief voorzien in een verhoogde productie.  

Vorige studies, beoogd op het vaststellen van productie of attractie, focusten 

voornamelijk op veranderingen in visabundantie, waarbij de trofische interacties buiten 

beschouwing werden gelaten. Desondanks is een eventuele conversie van AR epibenthos in 

visbiomassa een belangrijk gegeven om de verhoogde visdensiteit toe te schrijven aan of 

attractie dan wel productie. Bovendien is er een gebrek aan kennis omtrent seizonaliteit in de 

trofische relatie van vis met de WAR, gerelateerd met de seizoenaliteit in de epibenthos 

gemeenschap, gevestigd op de WAR.  

Met de constructie van een windmolenpark in het Belgisch deel van de Noordzee, C-

Power, gestart in 2008, biedt een unieke situatie zich aan om de effecten van artificiële harde 

substraten op de ichtyofauna te onderzoeken. Deze master dissertatie onderzocht de trofische 

relatie van steenbolk en kabeljauw met de windmolen artificiële riffen (WAR) in het Belgisch 

deel van de Noordzee (BPNS) en focuste meer specifiek op seizoenale fluctuaties in 

voedingsgedrag. 
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Een aantal onderzoekshypothesen werden vooropgesteld: 

 De implementering van de WAR in het Belgisch deel van de Noordzee resulteert 

niet in een lokale toename in abundantie van kabeljauw en steenbolk. 

 Er is geen significante seizoenaliteit in populatiestructuur voor steenbolk en 

kabeljauw aan de WAR. 

 Er is geen significante spatio-temporele variatie  in conditie-indices voor steenbolk 

en kabeljauw aan de WAR. 

 Er is geen significante trofische relatie tussen steenbolk en kabeljauw met de 

WAR. 

 Er is geen significante spatio-temporele variatie in voedingsgedrag en 

dieetsamenstelling voor steenbolk en kabeljauw aan de WAR. 

Staalname campagnes werden uitgevoerd tussen maart 2010 en februari 2011, gebruik 

makend van de RV Zeeleeuw. Tijdens deze campagnes werden er 3 gebieden bemonsterd: (1) 

windmolen D5 in het concessiegebied van C-power op de Thorntonbank, (2) de Thorntonbank 

zandbank als referentiegebied voor het zacht substraat en (3) een scheepswrak (LCT 457) als 

referentiegebied voor het hard substraat. De populatiestructuur werd bepaald aan de hand van 

vangstgegevens en lengtefrequenties. De conditiebepaling gebeurde aan de hand van de 

Fulton‟ s conditie-index en de hepatosomatische index.  De  trofische relatie van steenbolk en 

kabeljauw met de WAR werd onderzocht aan de hand van maaganalyses, waarbij alle 

voedselcomponenten geïdentificeerd werden tot op het laagst mogelijke niveau. Om het 

belang van iedere prooisoort in het dieet te bepalen en om de voedingsecologie tussen de 

studiegebieden en tussen de seizoenen te vergelijken, werden de frequency of occurrence en 

relative abundance methoden gebruikt. Aan de hand van deze waarden werden secundaire 

indices zoals de feeding coefficient, index of relative importance en stomach fullness index 

berekend. Er werd gebruik gemaakt van multivariate data-analyse om het dieet binnen en 

tussen seizoenen en locaties te vergelijken. 

De resultaten gaven aan dat steenbolk en kabeljauw aangetrokken worden door de 

artificiële riffen van het windmolenpark op de Thorntonbank. De constante afwezigheid van 

beide vissoorten op de zandbank versus de hoge abundantie rondom het harde substraat 

bevestigen dit. De CPUE waarden varieerden seizoenaal met de hoogste waarden 

geobserveerd voor de zomer en herfst en de laagste waarden voor lente en winter. Er werd 

een duidelijke seizoenale segregatie in lengteklassen waargenomen. Kabeljauw werd in de 

lente en zomer vertegenwoordigd door individuen variërend van 25 tot 35 cm en in de herfst 

en winter door individuen variërend van 35 tot 45 cm. Steenbolk werd voornamelijk 
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vertegenwoordigd door individuen variërend van 19 tot 23 cm in de lente, zomer en herfst, en 

individuen van 23 tot 27 cm in de winter.  Uitgaande van de verkregen resultaten en vorige 

studies kan er verondersteld worden dat kabeljauw en steenbolk in de lente arriveren in het 

windmolenpark als juvenielen, na hun eerste jaar in ondiepe kuststreken te hebben 

doorgebracht. Gedurende de zomer en herfst worden deze aritficiële riffen als voedselbron 

aangewend. In de winter migreren steenbolk en kabeljauw naar andere gebieden. De conditie-

indices varieerden naargelang de seizoenen. De hoogste waarden werden geobserveerd in de 

zomer voor kabeljauw en in de herfst voor steenbolk, de laagste waarden werden 

waargenomen in het paaiseizoen. 

 Het dieet van steenbolk en kabeljauw bestond uit een grote variëteit aan prooisoorten. 

Het merendeel van deze prooisoorten zijn obligatorische hard-substraat soorten. Jassa 

herdmani, Phtisica marina en Pisidia longicornis domineerden het dieet van kabeljauw; Jassa 

herdmani, Pisces spec., Pisidia longicornis en  Phtisica marina waren de dominante 

prooisoorten voor steenbolk. Met de implementatie van het windmolenpark werd er een nauwe 

trofische relatie gevestigd tussen de WAR en kabeljauw en steenbolk, er wordt dus energie 

getransfereerd van de epifauna van het WAR naar steenbolk en kabeljauw. Dit benadrukt het 

belang van de WAR in de voedingsecologie van kabeljauw en steenbolk. 

De dieetsamenstelling van zowel kabeljauw als steenbolk varieerde seizoenaal. De 

zomerstalen van kabeljauw werden gedomineerd door Jassa herdmani, de winter- en 

lentestalen door Pisidia longicornis en de herfststalen door Liocarcinus holsatus. Het lente-, 

zomer- en herfstdieet van steenbolk werd gedomineerd door Jassa herdmani, het winterdieet 

door Pisidia longicornis. Uitgaande van de multivariate data analyse konden geen significante 

ruimtelijke verschillen vastgesteld worden voor diëten van kabeljauw en steenbolk. 

Daarentegen werden er wel opvallende ruimtelijke verschillen vastgesteld in het belang en 

voorkomen van prooisoorten. Het gehele jaar door werd plantenmateriaal het meest frequent 

aangetroffen in het dieet van kabeljauw aan het scheepswrak, LCT, gevolgd door Jassa 

herdmani en Ophiotrix fragilis. Het dieet van kabeljauw aan de WAR werd gedomineerd door 

Jassa herdmani, Pisidia longicornis en Phtisica marina. De maaginhoud van steenbolk aan LCT 

werd gedomineerd door Jassa herdmani gevolgd door Pisidia longicornis. Plantenmateriaal 

werd ook in hoge frequenties aangetroffen. Aan de WAR was Jassa herdmani de meest 

invloedrijke prooisoort voor steenbolk, gevolgd in numerisch belang door Pisidia longicornis en 

Phtisica marina en in gravimetrisch belang door Pisces spec.  
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1. Introduction 

Protecting the climate demands more and deeper cuts in greenhouse gas emissions, 

which can only be achieved by addressing the world‟s addiction for non-renewable fossil 

fuels. This has led to an increasing interest in generating electricity from renewable energy 

resources. Much of this interest centres on offshore renewable energy developments, such 

as offshore wind farms (OWF).  

Several western European countries, including Belgium, are planning for a massive 

expansion of OWF. Belgium has anno 2010 a total installed offshore wind capacity of 195 

Megawatt (MW). This capacity is expected to expand to a total of 1416 MW, by the year 

2015. So far six concession permits are granted for the construction of wind turbines in the 

Belgian part of the North Sea (BPNS) (Fig. 1): C-Power on the Thorntonbank, Belwind on the 

Bligh Bank, Eldepasco on the Bank Zonder Naam, Seastar, Norther and Rentel. (URL 1) 

 

The increasing development of marine renewable energy installations (MREI) is well 

mirrored by a significant increase in the number of published scientific articles, concerning 

possible impacts of these OWF on the marine local ecosystem (Bill, 2005). So far, discussion 

and research mainly centred around the potential detrimental impacts of the wind farms on 

the marine environment. Negative effects include low frequency noise generated by the 

rotors (Wahlberg and Westerberg, 2005), generation of electro-magnetic fields (Öhman et 

al., 2005), changed hydrodynamic conditions, avian collision risks (Exo et al., 2003), habitat 

loss and  degradation or the propensity to create stepping stones, thereby facilitating the 

spread of non-native or invasive species or harmful algal blooms (Petersen and Malm, 

2006).  

Figure 1: overview of the planned Belgian offshore wind farms. © Stichting de Noordzee 
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Conversely, an increasing body of scientific literature suggested that with appropriate 

designing, siting and management, these OWF have the potential to provide benefits to the 

local marine biodiversity, through the creation of a secondary artificial reef and, if fishing is 

prohibited in the area,  as a de facto marine protected area (MPA). (Langhamer, 

Wilhelmsson et al., 2009); (Inger et al. 2009); (Langhamer and Wilhelmsson, 2009); 

(Wilhelmsson and Malm, 2008); (Wilson and Elliot, 2009); (Punt et al., 2009) 

Offshore wind turbines function as artificial reefs (AR), increasing the heterogeneity and 

structural complexity of the ecosystem. A windmill artificial reef (WAR) provides additional 

critical habitat, which increases the environmental carrying capacity, consequently 

increasing both the local biomass and the local density of fish and their prey species. 

Nevertheless, essential questions remain unsolved about the significance of the WAR in 

producing fish biomass versus simply attracting and aggregating fishes from their 

surroundings, without increasing the total biomass. This controversy has been labeled as 

“the attraction-production debate” (Bohnsack and Sutherland, 1985).  

The solution of this debate has important implications, as a host of studies pinpoint to 

the potential of artificial reefs to become useful tools in fisheries management (stone et al., 

1979), (Jensen, 2002), (Polovina, 1994). However, if artificial reefs solely attract fish, rather 

than increasing the production, these constructions would not serve any conservation. On 

the contrary, they could promote overfishing by concentrating the fish and increasing the 

catch per unit effort (CPUE) (Bohnsack 1989) (Fig. 2). As such, artificial reefs would act as 

an ecological trap, in which individuals choose actively to settle in less-quality habitats, 

leading to a reduction in survival or productivity (Robertson and Hutto 2006). This 

controversy has not yet been solved, but science is much closer to a solution than a decade 

ago. 

 

  

 

 

 

 

 

 

 

 

Figure 2: predicted effects of attraction (dotted line) and production (solid lines) hypotheses on catch. 
(Bohnsack, 1989) 
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Windmill artificial reefs turn less productive environments into extremely productive 

ones, a statement in support of the production hypothesis (Bohnsack, 1989). Potential 

mechanisms responsible for this transformation comprise (1) additional food availability and 

more favoured prey types (2) increased feeding efficiency (3) enhanced protection against 

physical stress, (4) restraining foraging predators and interfering competitors, by creating a 

wide range of niches and (5) provisioning of nursery and recruitment sites for individuals 

that otherwise would be lost. (Jessee et al., 1985), (Bohnsack and Sutherland, 1985), 

(Bohnsack, 1989), (Bull and Kendall, 1994), (Pickering and Whitmarsh, 1997).  

Most of the artificial reef studies are descriptive, correlative and comparative and 

investigated many valid hypotheses. However, to date, few studies fulfill the basic 

requirements for a proper experimental design, i.e. controls, references, replication and 

interspersion. Infrequent sampling has also led to insufficient temporal coverage of life 

history variability, such as settlement and migration, in fish abundance and fish biomass at 

reefs (Brickhill, 2008). Furthermore, previous studies have tended to focus on changes in 

fish abundance alone, without investigating trophic transfers. Nevertheless, demonstrating a 

conversion of reef epibenthos into fish biomass is an important step towards attributing a 

regional increase in fish biomass to attraction or production. In addition, little research has 

been conducted on the seasonality of the trophic relationship of fish with the WAR, related 

with the seasonality in epibenthic community composition on the WAR. According to Brickhill 

et al. (2005) the degree of attraction or production will be influenced by the characteristics 

of the implemented AR, the characteristics of the surrounding habitat, the management 

protocols and the species considered, therefore a case- by- case approach for individual 

species and reef types is preferable when studying the potential mechanisms. 

With the construction of the wind farm on the Thorntonbank in the BPNS a unique 

opportunity is offered to investigate the mechanisms that may drive the increase in fish 

abundance at hard substrate structures. Previous research conducted on the Thorntonbank 

highlighted the dietary dependence of pouting and cod on the hard substrates of the wind 

turbines (Reubens et al., 2009, 2010, 2011). The available epifauna on the WAR at the 

Thorntonbank has been described by Kerckhof et al. (2009 and 2010). A species list was 

compiled recording 75 species. This study also revealed and described a clear seasonality in 

epibenthic community composition.  

In this master dissertation the seasonal patterns of the dietary relationship between the 

commercially important fish species, i.e. Atlantic cod and pouting, and the potential 

epibenthic food source from the WAR, were explored, by performing stomach content 

analyses.  
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2. Objectives  

This master dissertation contributed in the knowledge of the trophic relationship of 

commercially important fishes, i.e. Atlantic cod and pouting, with windmill artificial reefs 

(WAR) in the BPNS. The research focussed on the seasonality of the trophic relationship of 

these fish species, with the WAR. 

To tackle the ecological problem, following research hypotheses were targeted: 

 The implementation of WAR in the BPNS did not result in an increase in local 

abundances of Atlantic cod and pouting. 

 There is no significant seasonality in population structure for Atlantic cod and pouting 

at the WAR. 

 There is no significant spatial-temporal variation in the condition of Atlantic cod and 

pouting. 

 There is no significant trophic linkage with the WAR epifauna for Atlantic cod and 

pouting. 

 There is no significant spatial-temporal variation in feeding patterns and diet 

composition for Atlantic cod and pouting. 

 

This thesis research fits within the framework of the PhD of Jan Reubens. This PhD 

aims to tackle the principal question “Do the WAR only attract fishes or do they effectively 

increase the productivity of the ichtyofauna?” for the wind turbines placed at the 

Thorntonbank. This PhD fits within the monitoring project “Offshore wind farms in the 

Belgian part of the North Sea”, a project commissioned by “the Management unit of the 

North Sea Mathematical Models” (MUMM).  

2.1 Relevance 

The relevance of this master dissertation is considered twofold.  

First, there is the ecological relevance of this study. By providing answers to the 

preceding research hypotheses, the general understanding of the ecology of artificial reef 

habitats and their relationship with ichtyofauna has ameliorated.  

Secondly, there is the economically relevance of this study. The controversy of the 

attraction-production debate is not yet solved. Nevertheless, by linking the outcomes of this 

study with the results obtained in other studies the disclosing of the attraction-production 

debate for pouting and cod in the BPNS becomes feasible. A host of studies pinpoint to the 
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potential of artificial reefs to become useful tools in fisheries management when used 

appropriately with other management practices (Stone et al., 1979), (Jensen, 2002), 

(Polovina, 1994).  However, if the windmill artificial reefs solely attract fish, rather than 

increasing the production, these constructions would not serve any conservation; on the 

contrary, they could promote overfishing, which is related to socio-economic crises. On the 

other hand, if it was found that the WAR on the Thorntonbank has the propensity to yield a 

higher local productivity, it would authenticate that the OWF at the Thornton bank, which 

now functions as a de facto MPA, could benefit several important stakeholder groups: (1) 

recreational and commercial fishermen in terms of higher catch rates outside the MPA, due 

to spill-over effects, as already confirmed in previous studies (Roberts et al., 2001), 

(Ashworth and Ormond, 2005) and (2) owners of offshore wind farms in terms of reduced 

risk of damage to infrastructure due to a reduction in fishing activities (Fayram and de Risi, 

2007). This authentication is of significant value, as taken the social, ecological and 

economical contexts into account can seriously upgrade levels of support and compliance 

with the regulations, and therefore the effectiveness of the OWF as a de facto MPA. 
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3. Materials & Methods 

3.1 Study site 

Fish were sampled for diet analyses from March 2010 to February 2011, in three study 

areas in the Belgian part of the North Sea, i.e. a windmill, a shipwreck and a sandbank. The 

BPNS is sand- or mud- dominated and characterised by a complex system of natural 

sandbanks. It is a very intensely used marine area with several associated environmental 

risks. Although it covers only a small part of the southern North Sea, it contains one of the 

most intensive merchant shipping routes in the world. Besides shipping it is also used for a 

wide and increasing variety of human activities (Le Roy et al., 2006). 

The concession area of C- power is located on the Thorntonbank; a natural sandbank 

situated 28 km (17 nautical miles) offshore of the Belgian coast, in water ranging from 12 to 

27 m deep. The first phase of the wind farm was completed in 2008 and comprised six wind 

turbines of 5 Mw capacity each, which were installed on concrete gravity based foundations 

(GBF). The distance between these six turbines is 500m. For sampling we focused on wind 

turbine 5, TD5 (coordinates D5 WGS 84: 51°32, 88‟N - 2°55, 77‟E; foundations installed 30 

May 2008).  

The GBF consists of a concrete pile 6.5 m in diameter at the surface, expanding to 16 

m at the seabed, which lies at a depth of 25 m at high tide.  Each foundation is surrounded 

by an erosion protection layer (Fig. 3). The design consists of two coats: a filter layer and an 

armour layer. The filter layer consists of crushed gravel ranging from 2.5mm up to 80mm 

and has a diameter of 55.5 for TD5. This layer is overtopped by the armour layer, consisting 

of compact limestone rocks ranging from 250mm up to 750 mm and has a crest diameter of 

51.0 m for windmill D5 (Peire and Nonneman, 2008). The surrounding soft sediment seabed 

is composed of medium sand with a mean medium grain size of 374 µm, SE 27µm (Reubens 

et al., 2009). 

 

 

 

 

 

 

 

 

 
Figure 3:  Design lay out of the gravity based foundations. Figure edited from Peire and Nonneman (2008) 
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Samples gathered at the Thornton sandbank functioned as a reference for soft 

substrate and was used as a substitute for the lack of background pre-deployment data 

(coordinates soft substrate WGS 84: 51° 31, 242114‟ N; 2° 52, 4842632‟ E). Nevertheless, 

throughout the entire sampling period no pouting or cod individuals were caught on the 

sandbank. As a consequence, no further analysis for this sampling location was feasible. 

The Landing Craft Tank 457 (LCT 457) is a shipwreck, sunk in November 1944 by a 

mine, 12 nautical miles off the coast of Ostend, Belgium (coordinates LCT 457 WGS 84: 51° 

24. 671‟ N; 2° 43. 710‟E). With a length of 64m and a width of 10m, it is inferior in size. It is 

situated at a depth of 24 m and is largely covered with sand, some structures emerging 3 m 

above the sediment (Fig. 4). The age of the wreck allows for a mature state of the epifauna. 

This sampling location functioned as a control site for the hard substrates of TD5. (Zintzen et 

al., 2008) 

 

3.2 Sampling 

The three sites were sampled, using the RV Zeeleeuw, on 15 dates between March 

2010 and February 2011, covering the seasonal variation in population structures and 

feeding ecology.  

Sampling was achieved by line fishing, (hooks: Arca nr 4, bait: fresh or frozen 

Arenicola marina). Line fishing is an efficient method to collect data on hard substrates, since 

the entanglement of fishing gear is minimised. At TD5 angling was performed 1 to 10 m 

away from the wind turbine, within the erosion protection layer radius and just above the 

seabed, assuring catching individuals foraging at the artificial hard substrates. At the 

shipwreck sampling was performed while drifting the research vessel over the wreck. At the 

sandbank, the research vessel was anchored while fishing activities were performed. During 

sampling seawater temperature and salinity were recorded.  

Figure 4: multibeam-figure of the shipwreck LCT 457. © Vlaamse hydrografie 
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After fish were weighed (± 5g) and measured (total length; ± 1mm), the stomach was 

removed for specimens of cod and pouting. The digestive tract was cut off at the oesophagus 

and the anus. The digestive system, together with liver and gonads, were preserved in an 

8% formaldehyde-seawater solution. All the food items in the stomach were identified, to the 

lowest taxonomic level feasible, using a binocular microscope (Relini et al., 2002). The 

determination keys proposed by Hayward and Ryland (2003), Lincoln (1979), Ingle (1996) 

and Smaldon (1979) were used. Wet weights (WW), dry weights (DW) and ash weights (AW) 

were measured to the nearest 0.01mg. Dry weights were acquired by heating the food 

components in an oven at 60 degrees for 48 hours. The ash weight constitutes the weight of 

the inorganic portion of the food components and is purchased by muffling the dry weight 

samples at 500 degrees for two hours. From these data the ash free dry weight (AFDW) was 

calculated, representing a measurement of the weight of the organic material (DW-AW).  

3.3 Data analyses 

3.3.1 CPUE and population structure 

Catch per unit effort (CPUE) is a measure of a species relative abundance. It 

standardizes the catch data based on the amount of effort. CPUE was estimated as the 

number of catches divided by the number of people actively fishing and time of fishing (min), 

multiplied by 60 min. 

Seasonality in CPUE and size was analyzed using analyses of variance (ANOVA) and 

the non-parametric Kruskal-Wallis test, in the case data failed the assumptions of normality 

and homoscedasticity (Levene‟s test). Differences were considered significant if the P-value 

< 0.05. 

3.3.2 Condition indices 

To estimate the condition of pouting and cod two different indices were considered, the 

Fulton‟s condition index (K) and the liver somatic index (LSI). Variations in a fish's condition 

index primarily reflect a variation in the state of sexual maturity and degree of nourishment 

(Williams 2000). 

The Fulton‟s condition index has been demonstrated to be a measure of the energy 

reserves of fish (Lambert and Dutil, 1997), and so represents an adequate indicator of the 

general well-being of a species. This morphometric index is based on the hypothesis that 

heavier fish, of a given length, are in a better condition. In the equation [3] K is the Fulton‟s 

condition factor, W is the weight (g) of the fish and L is the total length (cm). 

[3] K = W/L3 *100 
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The liver somatic index (LSI) [4] was used as a sensitive index of the daily food intake 

(Heidinger and Crawford 1977). Different stress factors may cause the LSI to fluctuate above 

or below a normal range (Heath 1995).  It is defined as the wet weight of the liver (g) 

divided by the total wet body weight (g) of the fish multiplied by 100.  

[4] LSI = WWLiver/WWbody *100 

The comparison between locations and between seasons for aforementioned indices 

were conducted using analysis of variance (ANOVA). In the case data failed the assumptions 

of normality and homoscedasticity (Levene‟s test), a non-parametric Kruskal-Wallis test was 

performed. For all tests, the significance level was set at 0.05. 

3.3.3 Diet 

To determine the dietary importance of each food category and to compare the 

feeding ecology of the different sampling sites, the frequency of occurrence and the relative 

abundance methods were used (Hyslop 1980). Secondary indices, such as the feeding 

coefficient (Hureau, 1970), the index of relative importance (IRI) (Pinkas et al. 1971) and 

stomach fullness index (Sigurdsson and Astthorsson, 1991) were also processed. 

The frequency of occurrence of a given prey type is defined as the number of stomachs 

in which that prey occurs, expressed as a frequency of the total number of stomachs in 

which prey are present. In the equation [5] Ni is the number of predators with prey i in their 

stomach and N is the total number of predators with stomach contents. 

[5] %FOi= (Ni/N)*100 

The relative abundance of a prey is defined as the percentage of total stomach 

contents in all predators comprised by that given prey. The relative abundance can be either 

numerical (%dens) or gravimetrical (%AFDW). In the equation [6] Si is the stomach content 

(number or ash free dry weight) composed by prey i and St the total stomach content of the 

individual predator: 

[6] %Ri= (Si/St)*100 

The feeding coefficient (Q) (Hureau, 1970) and the index of relative importance (IRI) 

(Pinkas etal., 1971) were used to evaluate the dietary importance of each food category. In 

following equations [7], [8]   %N is the numerical abundance, %W the gravimetrical abundance 

and %FO is the frequency of occurrence.  

[7] Q= %N * %W 

[8] IRI= (%N+%W) * %FO 
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The vacuity index, the stomach fullness index and the partial fullness index were used 

as indicators of feeding activity. In subjoined equations [8], [9], [10] NE is the number of empty 

stomachs , NT is the total number of stomachs analyzed, WWF is the total stomach wet 

weight of fish (f), WW(P)F is the wet weight of prey (p) in fish (f) and LF is the total length of 

fish (f). (Perez-Gandaras et al., 1993) 

 

    [8] %VI=NE/NT*100 

          F 
[9] TFI=1/n ∑ WWF * 10^4 

                   F=1   LF^3 

      F
 

[10] PFI=1/n ∑ WW(P)F*10^4 

                F=1    LF^3 

Statistical testing of the spatial-temporal variation of dietary importance and feeding 

intensity was performed using analysis of variance (ANOVA) and the nonparametric tests 

(Kruskal Wallis and Mann-Whitney U). All univariate statistical analyses were conducted 

using the STATISTICA software package (Statsoft, Package 7.0, Tulsa, Oklahoma).  

For the multivariate analysis of diet composition, a distinction was made between 

gravimetrical data and numerical data matrices. All data was analyzed at the individual level, 

displaying important information on diet composition and feeding strategy (Amundsen et al., 

1996). Relative abundances of prey were used instead of the rough data, since the total 

abundance of prey items depends on variable factors that are not easy to control, for 

instance prey availability and the rapidity of prey digestions. Therefore the use of proportions 

is more appropriate at the individual level (De Crespin de Billy et al., 2000). The relative 

abundance of prey type I is described by the equation: 

%RI= (SI/ST)*100 

In which SI is the stomach content (number or ash free dry weight) composed by prey I and 

ST the total stomach content of the individual predator (Reubens et al., 2011). Prey types 

that appear in only one stomach, having a low representativeness, were excluded from the 

multivariate analyses. 

The Plymouth routines in multivariate ecological research (PRIMER) V6 software 

package (Clarke & Gorley, 2006) was used to run multidimensional scaling (MDS). A one way 

analysis of similarity (ANOSIM) was used to assess the effect of season on diet composition. 

R-statistic values close to unity are indicative for a very different dietary composition 

between clusters, whereas values close to zero indicate a strong overlap in diet composition 

between clusters. In addition, a similarity of percent contribution (SIMPER) was used to 
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determine which prey items contributed most to the differences in diet distribution between 

seasons. (La Mesa et al., 2008) 

The software for canonical community ordination V4.5 package was used to run 

principal component analyses. (Braak and Smilauer, 2002) 
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4. Results 

4.1 Atlantic cod (Gadus morhua) 

4.1.1 CPUE & population structure 

Catch per unit effort (CPUE) was recorded for all sampling campaigns in order to 

compare the relative abundances of cod in the vicinity of TD5 and LCT through time. Overall, 

the catch rates were highest during summer and autumn and lowest during spring and 

winter (Fig. 5).  For both sampling locations there was a significant effect of season on catch 

rates of cod (TD5: Kruskal-wallis; p=.03); (LCT: Kruskal-wallis; p=.03). CPUE registered at 

TD5 represented merely a tenfold of those registered at LCT. 

 

 

 

 

  

 

 

Seasonality in population structure of 153 cod individuals was analysed. Cod length 

varied between 20.5 and 52.7 cm (average 35.09 cm; SE 0.47 cm). Figure 6 clearly 

illustrates the shift towards larger-sized individuals with season. Spring depicted the highest 

frequency of size class 25-30 cm; in summer size class 30-35 cm prevailed, in autumn 35-40 

cm, and in winter 40-45 cm. The seasonality in size was found to be significant (One-way 

ANOVA; p =.00) (Table 1). No significant differences were detected between spring and 

summer, summer and winter and between autumn and winter. 

 

 

Figure 5: monthly variation in CPUE ± SE of Gadus morhua recorded at LCT and TD5.      = no data 
collected. 
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4.1.2 Fulton‟s condition index & liver somatic index 

The values of the Fulton‟s condition index (K) varied between 0.50 and 2.19 for cod 

at LCT and between 0.87 and 1.88 for cod at TD5. Estimations of K for LCT and TD5 were 

based on respectively 112 and 157 samples. Between the two sites, no significant difference 

for K could be observed. The seasonal fluctuations in mean K-values showed a significant 

effect for TD5, with the highest values observed in summer (Kruskal-Wallis: p =.00).  But no 

significant effect of season was found for LCT ((Kruskal-Wallis: p =.43). (Table2) 

Seasonality in the liver somatic index (LSI) was determined through the analysis of 52 cod 

individuals from LCT and 228 cod individuals from TD5. The liver somatic index (LSI) of cod 

residing at TD5 significantly differed seasonally (One-way ANOVA: p=.01), with maximum 

values in summer. The seasonality in LSI was found not significant at LCT (p>0.05).  

 

 

 

Season N mean S.E. One way anova: F(3, 149)=8,2893, p=,00004 

      spring      summer   autumn 
spring 39 32.63 1.24    
summer 70 34.44 0.63 0.530180   
autumn 40 38.12 0.54 0.000076 0.003330  
winter 4 40.43 1.47 0.044377 0.147004     0.835317 

Table 1: Seasonality in length structure of Gadus morhua at TD5. N, number of individuals investigated. 

Figure 6: seasonal variation in length frequency distribution of Gadus morhua at TD5. 
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Table 2: Seasonal variation in mean values ± SE of the Fulton‟s condition index (K) and liver somatic 
index (LSI) of Gadus morhua at TD5 and LCT. NA= no samples available. 

 

4.1.3 Diet 

Stomach contents of 160 cod individuals were examined. Empty stomachs were 

found throughout the year, but the seasonal vacuity index (%VI) did not differ significantly 

over the sampling period for LCT (χ² = 5.05, df= 3, P>0.05) and TD5 (χ² =1.06, df= 3, 

P>0.05) (Table 3).  

Seasonality in the mean stomach fullness of cod was found to be non- significant 

(Kruskall-Wallis: p>0.05). Stomachs were found to be significantly more full at LCT (mean 

1.71; SE 0.17) than at TD5 (mean 1.20; SE 0.11) (Mann-Whitney U test: p= 0.048).  

 

 

 

The diet of cod, hovering at the WAR, contained a wide variety of prey items. 

Overall, 52 different prey items were identified, from which 13 occurred only once in the 

stomachs analysed (Table 4). The most important prey items contributing to the diet of cod 

(IRI and Q) were Jassa herdmani (IRI=4107; Q=518), Phtisica marina (IRI=1199; Q=92), 

Pisidia longicornis (IRI=1028; Q=65) and Corophium acherusicum (IRI=418; Q=8). These 

species are all hard substrate associated. Jassa herdmani and Pisidia longicornis had the 

highest frequency of occurrence followed by Phtisica marina, plant material and Corophium 

acherusicum. For the gravimetric measurements, Necora puber and Liocarcinus holsatus 

were the most differentiating prey items, followed by Pisidia longicornis and Jassa herdmani. 

  TD5       LCT       

  spring summer automn winter spring summer automn winter 

K 1,03±0,02 1,06±0,01 1.00±0,01 0,95±0,03 0.99± 0,02 1,03±0,031 1,01±0,016 0,85±N/A 

LSI 1,77±0,19 2,40±0,69 2,06±0,12 NA 1,64±0,22 2,215±0,142 2,19±0,41 1,25±N/A 

Table 3: Seasonal information on N, number of stomachs examined; %VI, percentage of vacuity index; 

FI, mean fullness index ± SE, for Gadus morhua at LCT and TD5.  

 LCT   TD5   

 N %VI FI N %VI FI 
spring 5 0,00 1,17±0.85 22 0,00 1,54±0,34 
summer 24 8,33 1,83±0.24 59 6,78 1,19±0,14 
autumn 22 22,73 1,75±0.24 22 4,55 1,03±0,21 
winter 1 0,00 1,30±N/A 5 0,00 0,71±0,35 
total 52 13,46 1,71±0.17 108 4,63 1,20±0,11 
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Table 4: List of prey items found in the stomachs of Gadus morhua, foraging at the WAR. %FO, Frequency of 
occurrence, %N, mean numerical percentage; %AFDW mean percentage by ash free dry weight; Q, feeding 
coefficient; IRI, index of relative importance. NA, no quantification could be made or the information is missing; H, 
taxa living on hard substrates; S, taxa living on soft substrate; B taxa living on both substrates. 

  Taxon %FO %N %AFDW Q IRI 

Amphipoda 
H
 Corophium acherusicum 37,38 12,25 0,63 7,76 481,47 

 
H
 Jassa herdmani 60,75 58,79 8,82 518,63 4107,43 

 
H
 mats jassa  77,57 NA 5,61 NA NA 

 
S
 Megaluropus agilis 0,93 0,00 0,00 0,00 0,00 

 
H
 Phtisica marina 52,34 17,70 5,20 92,09 1198,68 

 
B
 Stenothoe marina 7,48 0,11 0,00 0,00 0,83 

 
H
 Stenothoe spec. 2,80 0,03 0,00 0,00 0,10 

 
H
 Stenothoe valida 20,56 3,76 0,36 1,34 84,66 

Anthozoa 
H
 Actiniaria spec. 1,87 0,03 0,29 0,01 0,60 

 
B
 Unidentified spec. 2,80 0,02 0,01 0,00 0,07 

 
H
 hexacorallia spec 3,74 0,09 0,57 0,05 2,45 

Bivalvia 
B
 Unidentified spec. 1,87 0,02 0,01 0,00 0,05 

 
H
 Mytilus edulis 1,87 0,01 0,08 0,00 0,17 

 
S
 Solenidae spec. 5,61 0,02 0,10 0,00 0,64 

Bryozoa 
N/A

 Unidentified spec. 1,87 NA 0,01 NA NA 

Cirrepedia 
H
 Balanidae spec. 1,87 0,00 0,04 0,00 0,08 

 
H
 Cirripedia spec. 12,15 0,01 0,04 0,00 0,52 

Crustacea 
S
 Gastrosaccus spinifer 1,87 0,02 0,02 0,00 0,07 

 
B
 Mysid spec. 0,93 0,02 0,00 0,00 0,02 

Decapoda  
N/A

 Unidentified spec. 1,87 0,02 0,08 0,00 0,18 

diptera 
N/A

 telmatogeton japonicus 0,93 0,01 0,02 0,00 0,02 

Echinodermata 
H
 Asterias rubens 4,67 0,05 0,00 0,00 0,24 

 
N/A

 Echinoidea  2,80 NA 0,00 NA NA 

 
H
 Psammechinus miliaris 0,93 0,01 0,02 0,00 0,02 

gastropoda 
B
 Gastropoda spec. 0,93 0,01 0,01 0,00 0,01 

Hydrozoa 
H
 Electra pilosa 8,41 NA 0,01 NA NA 

 
H
 Unidentified spec. 0,93 NA 0,00 NA NA 

Natantia 
S
 Crangon crangon 1,87 0,02 0,14 0,00 0,30 

 
B
 Pontophilus spec. 0,93 0,01 0,01 0,00 0,01 

others 
N/A

 detritus  3,74 NA 0,01 NA NA 

 
N/A

 others  27,10 NA 6,12 NA NA 

 
N/A

 Plant material  42,06 NA 0,71 NA NA 

 
N/A

 unknown  2,80 NA 0,01 NA NA 

Pisces sp 
S
 Callionymus lyra 4,67 0,05 2,02 0,10 9,65 

 
H
 ciliata mustela 0,93 0,01 3,60 0,03 3,37 

 
N/A

 Unidentified spec. 10,28 0,07 5,33 0,35 55,45 

 
S
 syngnathus rostellat. 0,93 0,02 0,31 0,01 0,31 

Polychaeta  
H
 Harmothoe spec. 2,80 0,04 0,05 0,00 0,25 

 
H
 Phyllodoce spec. 6,54 0,06 0,00 0,00 0,40 

 
N/A

 Unidentified spec. 6,54 0,06 0,02 0,00 0,48 

Reptantia 
N/A

 Brachyura spec. 11,21 0,08 3,20 0,26 36,80 

 
B
 Liocarcinus holsatus 7,48 0,11 14,76 1,56 111,12 

 
B
 Liocarcinus marmor. 0,93 0,02 2,18 0,04 2,05 

 
H
 Necora puber 3,74 0,04 15,95 0,65 59,77 

 
B
 Paguridae spec. 2,80 0,02 2,27 0,04 6,40 

 
B
 Pagurus bernhardus 4,67 0,08 4,24 0,35 20,21 

 
H
 paleomon serratus 0,93 0,01 1,82 0,01 1,70 

 
H
 Pisidia longicornis 59,81 5,65 11,53 65,17 1027,85 

 
B
 Portunidae spec. 1,87 0,02 2,60 0,06 4,91 

 
S
 Thia scutellata 0,93 0,02 0,02 0,00 0,03 

 
H
 Macropodia linaresi 0,93 0,01 0,00 0,00 0,01 

 
N/A

 Unidentified spec. 
 

2,80 0,02 1,08 0,03 3,09 
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A comparison was made between the diet indices from TD5 and LCT (see appendix 

I). Jassa herdmani was found to be the most important prey species at both locations. At 

LCT, the subsequent most important prey species was Ophiotrix fragilis (IRI=617), a prey 

species not occurring in the diets sampled at TD5. Plant material was recovered in an 

exceptional high number of stomachs at LCT (%FO=75). 

The feeding habits of cod varied seasonally. Table 5 depicts the seasonal importance 

of the most influential prey species. In spring Corophium acherusicum (IRI= 3309) and 

Pisidia longicornis (IRI= 1468) were respectively first and second most important prey 

species. Jassa herdmani was the most important and most frequently observed prey species 

in summer (IRI= 6850; %FO=75). Liocarcinus holsatus was the most important prey species 

in autumn (IRI= 2166). In winter months, Pisidia longicornis was by far the most important 

prey species (IRI=9916) and occurred in all stomachs analyzed (%FO=100). 

 

 

The same results can be deduced from figure 7, depicting the seasonality in partial 

fullness index (PFI) for the most influential prey items of cod at the WAR. In spring and 

winter the diet consisted primarily of Pisidia longicornis, in summer of Jassa herdmani and in 

autumn of Liocarcinus holsatus The seasonality in PFI of Jassa herdmani, pooled with the 

Jassa mats, was highly significant (One way ANOVA: p= 0.03). No significant seasonality of 

Pisidia longicornis and phtisica marina could be depicted (p > 0.05). Corophium acherusicum 

and Liocarcinus holsatus had a significant seasonality in PFI (p= 0.00). 

 

 

 

 

  %FO       IRI       

  lente zomer herfst winter lente zomer herfst winter 

Corophium  acher. 50,00 38,98 27,27 0,00 3309,00 105,25 129,26 0,00 

Jassa herdmani 50,00 74,58 45,45 0,00 874,00 6850,92 1935,72 0,00 

Phtisica marina 54,55 55,93 45,45 20,00 346,39 1310,44 1898,90 134,60 

Liocarcinus holsatus 0,00 1,69 31,82 0,00 0,00 2,23 2165,99 0,00 

Pisidia longicornis 68,18 57,63 45,45 100,00 1467,92 808,55 941,72 9917,00 

         

Table 5: Seasonality in the feeding indices, %FO and IRI, for the most important prey items of Gadus 
morhua at the WAR.  % FO, frequency of occurrence; IRI, index of relative importance. 
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The MDS ordination plot, based on abundance data, showed no clear clustering by 

seasons, suggesting little diet specialization among seasons (Fig. 8). Two samples TD5 317 

and TD4 60 were clear outliers and were excluded from the analysis. This pattern was 

confirmed by ANOSIM. Although diet groups nested within seasons were significantly 

different from each other (Global R statistic value= 0.277, p= 0.00), the R value obtained 

was low, suggesting an overlap in food resources between seasons. All ANOSIM pairwise 

tests between seasons were significant, with the exception of spring and winter (p>0.05). 

The SIMPER analyses showed a low degree of similarity within seasons and a high degree of 

dissimilarity between the seasons. Spring samples produced the lowest similarity percentage 

(19.8%), winter samples the highest (50%). The narrower dispersion of data for winter diets 

is likely an artefact of the smaller number of individuals evaluated. The lowest dissimilarity 

value being among spring and winter (77, 51%) and the highest between summer and 

winter (88.21%). The diet items that contributed most to these dissimilarities were Jassa 

herdmani, followed by Pisidia longicornis and Phtisica marina.  

Results from the MDS and ANOSIM, based on biomasses, were again indicative for a 

low clustering of the diet by seasons (Global R statistic= 0.217, p= 0.00) (Fig. 9).  Samples 

TD5 213 and TD5 63 were found to be outliers and were excluded from the analysis. No 

significant seasonality patterns were found between winter and autumn, between winter and 

summer and between winter and spring (p> 0.05), likely due to the low representativeness 

of the winter samples.  

 The ANOSIM analysis and MDS ordination plot detected no significant differences in 

the gravimetrical composition of diet between the two sampling sites (Global R statistic 

value= -0.009, p= 0.55) (Fig. 10). Samples TD5 213 and TD5 63 were excluded from the 

analysis. 

Figure 7: seasonality in partial fullness index for the most influential prey items of Gadus morhua at the 
WAR.  

Jassa herdmani+mats 
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Figure 10: MDS ordination plot depicting gravimetrical dietary data of Gadus morhua, coded by 
sampling site.  

 

 

Figure 9: MDS ordination plot depicting the relative gravimetrical dietary data of Gadus morhua at 
the WAR, coded by seasons. 

Figure 8: MDS ordination plot depicting the relative numerical dietary data of Gadus morhua at the 
WAR, coded by seasons. 
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The first two axes of both numerical (Fig. 11) and gravimetrical (Fig. 12) PCA triplots 

sufficiently illustrated the main structure of the diet composition. The first two axes together 

explained 55.9% and 49.6% of the total variation for respectively the numerical and 

gravimetrical dataset. The first two axes together of the cumulative percentage of species-

environment relation explained 75.3% and 52.2% of the variation explained by season in 

respectively the numerical and gravimetrical dataset. In both the gravimetrical and numerical 

analysis the prey species Jassa herdmani and Pisidia longicornis dominated the stomach 

content, Corophium acherusicum and Liocarcinus holsatus were important as well when 

considering respectively the numerical and gravimetrical abundances. The position of the 

individual stomach contents was no clear function of the seasons. Although, considering the 

numerical PCA, winter diets showed a significant positive correlation with Pisidia longicornis 

and summer diets where positively correlated with Jassa herdmani. The gravimetrical PCA 

showed that autumn diets were positively correlated with Liocarcinus holsatus.   

    

 

 

 

 

 

  

Figure 11: Numerical PCA projecting the most influential prey items of Gadus morhua, axis 1 and 2 
together explain 49.6% of the total variation. 

Jassa herdmani 
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Figure 12: gravimetrical PCA projecting the most influential prey items of Gadus morhua, axis 1 and 2 
together explain 55.9% of the total variation. 

Jassa herdmani 
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4.2 Pouting (Trisopterus luscus) 

4.2.1 CPUE & population structure 

CPUE for pouting was recorded during all sampling campaigns in order to compare 

relative densities of pouting in the vicinity of TD5 and LCT over the year (Fig. 13). Overall, 

the catch rates were highest during summer and autumn and lowest during spring and 

winter.  The CPUE depicted a significant seasonality effect at TD5 (Kruskal-Wallis; p=.00), 

but not at LCT (Kruskal-Wallis; p=.06). Nevertheless, the data for LCT confirmed the trend 

that has been observed at TD5, being higher catch rates in summer and autumn in 

comparison with spring and winter. CPUE registered at TD5 represented almost a tenfold of 

those registered at LCT.  

 

In total, 187 of pouting individuals were considered for the population structure 

analysis. Pouting length varied between 15.9 and 33 cm (average 22.59 cm; SE 0.25 cm). 

No significant seasonal difference in length was depicted (One-way ANOVA; p=.90) (Table 6). 

Figure 14 points up to prevalence of size-class 19 to 23 cm in spring, summer and autumn. 

In the winter individuals populating size-class 23 to 27 were best represented.  

 

 

 

Figure 13: monthly variation in CPUE ± SE of Trisopterus luscus recorded at LCT and TD5.  = no 
data collected. 
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4.2.2 Fulton‟s condition index & liver somatic index 

The Fulton‟s condition index (K) varied between 0.74 and 1.82 at LCT and between 

0.26 and 3.76 at TD5. Estimations of K for LCT and TD5 were based on respectively 70 and 

279 samples. The seasonal shifts in K, with the highest values in autumn and the lowest in 

winter, were found to be significant for TD5 (Kruskal-Wallis; p=0.00) but not for LCT 

(Kruskal-Wallis; p =.10) (Table 7). 

LSI values decreased over the winter months and exhibit the lowest values in spring. 

Subsequently LSI increased in summer and reached peak levels in autumn. Estimations of 

LSI values were based on 89 samples for TD5 versus 41 samples for LCT. Seasonality of LSI 

was found significant for TD5 (Kruskal-Wallis; p =.00), but not for LCT (Kruskal-Wallis; p 

=.13). 

 

 

 

 

Season mean S.E. One-way anova: F(3, 184)=,19887, p=,89706  

   lente zomer herfst winter 

lente 22,87273 0,727063     

Zomer 22,37719 0,451696 0,938443    

Herfst 22,71156 0,359470 0,997224 0,938362   

Winter 22,33158 0,782360 0,957534 0,999954 0,971291  

Table 6: Seasonal variation in length frequency distribution of Gadus morhua at TD5. 

Figure 14: seasonal variation in frequency distribution of length classes of Trisopterus luscus at TD5. 
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4.2.3 Diet 

 

 Stomach contents of 130 individuals were examined (Table 8). Empty stomachs were 

found throughout the year, but the seasonal %VI did not differ significantly over the 

sampling period for LCT (χ² =4.2, df=2, P>0.05) and TD5 (χ² =0.92, df=3, P>0.05).  

 No significant seasonal pattern could be depicted for TD5 and LCT in the total 

stomach fullness (Kruskall-Wallis respectively: p= 0.82 and p=0.65). Total stomach fullness 

between LCT (mean 1.80; SE 0.22) and TD5 (mean 1.54; SE 0.14) did not differ significantly 

(Mann-Whitney U test: p= 0.20). 

 

 The diet of pouting, hovering at the WAR, contained a wide variety of prey species.  

Overall, 38 different prey items were identified, from which 17 occurred only once in the 

stomachs analysed (Table 9). The most important prey items contributing to the diet of 

pouting (IRI and Q) were Jassa herdmani (IRI=6723; Q=1817), Pisces spec. (IRI=676; 

Q=11.54), Phtisica marina (IRI=583: Q=46) and Pisidia longicornis (IRI=261; Q=17). These 

species are all hard substrate-associated. Jassa herdmani and Phtisica marina showed the 

highest %FO followed by, Pisidia longicornis and Pisces spec. For the gravimetric 

measurements Pisces spec. was the most differentiating prey item followed by Jassa 

herdmani.  

  TD5       LCT       

  spring summer automn winter spring summer automn winter 
               

K 1.27±0.04 1.32±0.02 1.41±0.02 1.09±0.06 1.13±0.05 1.32±0.02 1.33±0.02 N/A 

LSI 1.01±0.41 2.56±0.12 3.64±0.19 N/A 0.58±N/A 2.34±0.30 2.76±0.167 N/A 

Table 7 Seasonal variation in mean values ± SE of the Fulton‟s condition index (K) and liver somatic index 
(LSI) of Trisopterus luscus at TD5 and LCT. NA= no samples collected. 

Table 8: Seasonal information on N, number of stomachs examined; %VI, percentage vacuity index; FI, 
mean stomach fullness index± SE, of Trisopterus luscus at LCT and TD5. 

  LCT     TD5     
  N %VI FI N %VI FI 
spring 1 0 4,18±NA 3 0 1,28±0,23 
summer 10 0 2,12±0,52 46 8.7 1,84±0,25 
autumn 28 7.2 1,6±0,24 40 7.5 1,22±0,15 
winter 0 / / 2 5.0 1,80±NA 
total 39 5.2 1,8±0,22 91 8.8 1,54±0,14 
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Table 9: list of prey items found in the stomachs of Trisopterus luscus. %FO, Frequency of occurrence, %N, mean 
numerical percentage; %AFDW, mean percentage by ash free dry weight; Q, feeding coefficient; IRI, index of relative 
importance. N/A, no quantification could be made or the information is missing; H, taxa living on hard substrates; S, 
taxa living on soft substrate; B, taxa living on both substrates. 

  
  Taxon %FO %N %AFDW Q IRI 

Amphipoda 
H
 Corophium acherusicum 26,09 1,85 0,10 0,18 50,81 

 
H
 Corophium spec. 1,09 0,02 0,00 0,00 0,02 

 
H
 Jassa herdmani 66,30 78,13 23,26 1817,10 6722,53 

 
H
 mats jassa  69,57 N/A 7,37 N/A N/A 

 
H
 Phtisica marina 31,52 15,56 2,94 45,71 583,03 

 
H
 Stenothoe spec. 1,09 0,02 0,00 0,00 0,02 

 
H
 Stenothoe valida 5,43 0,25 0,04 0,01 1,60 

Bivalvia spec. 
N/A

 unidentified spec. 1,09 N/A 0,02 N/A N/A 

Cirrepedia 
H
 Balanus crenatus 2,17 0,04 0,50 0,02 1,16 

 
H
 unidentified spec. 1,09 N/A 0,00 N/A N/A 

Crustacea  
N/A

 unidentified spec. 2,17 0,04 0,01 0,00 0,11 

 
B
 Mysid spec. 3,26 0,04 0,01 0,00 0,15 

Decapoda  
N/A

 unidentified spec. 4,35 0,02 0,23 0,00 1,10 

 
H
 Macropodia rostrata 1,09 0,02 0,12 0,00 0,15 

 
H
 Processa spec. 1,09 0,02 0,02 0,00 0,05 

 
B
 Thoralus cranchii 1,09 0,02 0,04 0,00 0,06 

echinodermata 
H
 Asterias rubens 1,09 0,02 0,26 0,00 0,30 

 
N/A

 Echinoidea  6,52 0,07 0,02 0,00 0,57 

 
H
 Epitonium clathrus 1,09 0,02 0,00 0,00 0,02 

Natantia  
s
 Crangon crangon 3,26 0,07 2,39 0,17 8,04 

 
N/A

 Crangonidae spec. 1,09 0,02 0,03 0,00 0,05 

 
N/A

 unidentified spec. 4,35 0,11 0,25 0,03 1,54 

Oligochaeta spec. 
N/A

 unidentified spec. 1,09 0,00 0,03 0,00 0,03 

others 
N/A

 detritus  1,09 N/A N/A N/A N/A 

 
N/A

 empty  8,70 N/A N/A N/A N/A 

 
N/A

 others  22,83 N/A 0,48 N/A N/A 

 
N/A

 Plant material  17,39 N/A 0,06 N/A N/A 

 
N/A

 unknown  2,17 N/A 0,10 N/A N/A 

Polychaeta 
H
 phyllodoce spec. 2,17 0,05 0,01 0,00 0,14 

Pisces sp 
S
 Ammodytes tobianus 1,09 0,02 10,08 0,20 10,98 

 
S
 Callionymus lyra 1,09 0,02 0,02 0,00 0,04 

 
S
 Callionymus spec. 1,09 0,02 0,17 0,00 0,20 

 
N/A

 unidentified spec. 26,09 0,45 25,45 11,54 675,69 

Reptantia 
N/A

 Brachyura spec. 3,26 0,02 0,06 0,00 0,27 

 
B
 Liocarcinus holsatus 1,09 0,02 9,07 0,16 9,88 

 
B
 Liocarcinus marmor. 2,17 0,04 4,34 0,16 9,51 

 
B
 Paguridae spec. 4,35 0,07 1,13 0,08 5,23 

 
B
 Pagurus bernhardus 3,26 0,04 0,22 0,01 0,85 

 
H
 Pisidia longicornis 28,26 2,72 6,18 16,81 251,57 

 
B
 Portunidae spec. 4,35 0,07 2,63 0,19 11,76 

 
S
 Thia scutellata 1,09 0,02 0,17 0,00 0,21 

 
N/A

 Unidentified spec. 5,43 0,07 2,17 0,16 12,17 
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A comparative analysis of diet indices between LCT (see appendix II) and TD5 

depicted Jassa herdmani as most important prey item at LCT (IRI=8005), followed by Pisidia 

longicornis (IRI=746).  At TD5 fish species and Phtisica marina succeeded Jassa herdmani in 

importance, those items were found less important at LCT (respectively IRI=218 and 

IRI=34). Plant material covered a higher frequency of occurrence in stomachs sampled at 

LCT (%FO=49).   

Table 10 depicts the seasonal importance of the most influential prey species. Jassa 

herdmani was the most important prey item in spring, summer and autumn (respectively 

IRI= 7673, IRI=8541 and IRI=5133). Pisidia longicornis was the most important prey item in 

winter (IRI=3092).  Fish species only occurred in summer and autumn diets. 

 

 

Jassa herdmani constituted the biggest part of the stomach contents in spring, 

summer and autumn (Fig. 15). In winter, Pisidia longicornis represented the biggest part in 

stomach content. The seasonality in PFI of Jassa herdmani (pooled with the Jassa mats), 

Pisidia longicornis, Phtisica marina and Pisces species was found non-significant (Kruskal- 

Wallis: p>0.05). 

Table 10: Seasonality in feeding indices %FO and IRI for the most important prey items of Trisopterus 
luscus at the WAR.  Pisces spec.= A.tobianus, C.lyra, C.spec and Unidentified Pisces spec. pooled together. 
% FO= frequency of occurrence; IRI= index of relative importance. 

 
  %FO       IRI       

  lente zomer herfst winter lente zomer herfst winter 

Corophium  acherusicum 33,33 30,43 20 50 36,33 70,9 27,2 281,5 

Jassa herdmani 100 78,26 52,5 50 7673 8541,3 5133,45 1131 

Phtisica marina 100 30.43 27.5 50 3392 659,11 270,88 2036,5 

Pisces spec. 0 17.40 40 50 0 335,97 1496,8 0 

Pisidia longicornis 33.33 15.21 42.5 50 2374,1 44,44 367,63 3091,5 
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The MDS ordination plot, based on the numerical dataset, showed no clear clustering 

by seasons, suggesting little diet specialization among seasons (Fig. 16). This pattern was 

confirmed by ANOSIM. Although diet groups nested within seasons were found to be 

significantly different from each other (Global R statistic value= 0.07, p= 0.03), the R value 

obtained was very close to zero, indicative of random clustering of samples. TD5 269 and 

TD5 253 were treated as outliers and were excluded from the analysis. ANOSIM pairwise 

tests between seasons were found to be all non-significant, except autumn and summer (R 

statistic =0.10, p= 0.01). Non-significance is probably an artefact of the low number of 

samples in winter and spring, respectively represented by one and three samples. SIMPER 

analysis showed a low similarity within season groups and a low degree of dissimilarity 

between the season groups. The lowest dissimilarity value was found between spring and 

winter (29.10%) and the most important between summer and winter (66.33%). The diet 

item that contributed most to these dissimilarities was Jassa herdmani. 

The MDS ordination based on the gravimetrical dataset indicated that diets showed 

no clear clustering by season (Global R statistic value= 0.06, p= 0.03) (Fig. 17). ANOSIM 

analysis produced the same results as with the numerical dataset (Global R statistic value= 

0.06; p=0.03). SIMPER analyses showed a low similarity within seasons and a high degree of 

dissimilarity between the season groups. The lowest values of dissimilarities were found 

between spring and winter (48.02%) and the highest between summer and winter 

(78.28%). 

MDS ordination plot and ANOSIM detected no significant difference in gravimetrical 

data between the sampling sites (Global R statistic value = 0.042, P= 0.14) (Fig. 18). 

LCT153 and TD5253 were excluded from the analysis. 

Figure 15: seasonality in partial fullness index for the most influential prey items of Trisopterus luscus 
at the WAR  

 

Jassa herdmani+mats 
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Figure 17 MDS ordination plot depicting the relative gravimetrical dietary data of Trisopterus luscus at 
the WAR, coded by seasons. 

 

Figure 18: MDS ordination plot depicting gravimetrical dietary data of Trisopterus luscus, coded by 
sampling sites.  

Figure 16: MDS ordination plot depicting the relative numerical dietary data of Trisopterus luscus at 
the WAR, coded by seasons. 
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The first two axes of both numerical (Fig. 19) and gravimetrical (Fig.20) PCA triplots 

sufficiently illustrated the main structure of the diet composition. The first two axes together 

explained 73.1% and 65.7% of the total variation for respectively the numerical and 

gravimetrical dataset. The first two axes together of the cumulative percentage of species-

environment relation explained 81.4% and 79.4% of the variation explained by season in 

respectively the numerical and gravimetrical dataset. Jassa herdmani, Pisces spec and 

Phtisica marina, were found to be the most dominant and differentiating prey items in the 

diet of pouting. From both PCA triplots it could be deduced that autumn samples were highly 

correlated with fish species recovered in the diet. Winter samples were positively correlated 

with Pisidia longicornis and summer samples with Jassa herdmani. The variables summer 

and autumn were positioned in completely opposite directions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 19: numerical PCA projecting only the most influential prey species of Trisopterus luscus. Axis 1 
and 2 together explain 73.1% of the total variation. 

Jassa herdmani 
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Figure 20: gravimetrical PCA projecting the most influential prey items of Trisopterus luscus, axis 1 and 2 
together explain 65.7% of the total variation. 

spec. 
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5. Discussion 

5.1 Atlantic cod (Gadus morhua) 

Results indicated that the implementation of the WAR in the BPNS introduced a local 

increase in abundance of Atlantic cod. The high catch rates observed at the WAR are a clear 

indication of the high dependency of cod to the hard substrata. The results obtained were in 

general agreement with previous investigations conducted in the BPNS (Zintzen, 2006); 

(Mallefet, 2007); (Reubens et al., 2010). The significant difference in CPUE between LCT and 

the WAR could be attributed to several factors. First, the WAR covers by far a larger hard 

substrate-area than LCT, which is in addition largely covered by sand. So a larger carrying 

capacity for the WAR could be deduced (Grossman et al., 1999). Second, sampling methods 

used at the WAR differed from the methods used at LCT (see material and methods). 

Consequently, deducing whether the WAR effectively yields a higher cod density than the 

shipwreck is not straightforward. All sampling campaigns on the soft substrate of the 

Thornton sandbank, functioning as a reference for the situation before the installation of the 

WAR, produced a CPUE of zero. Similar results were also found by Vandendriessche et al. 

(2009). The continuous absence of cod from the soft-sediment reference site versus the high 

prevalence in the vicinity of the WAR reinforced the importance of the implementation of 

these structures to cod. 

Results on the population structure of cod revealed that there was a clear seasonal 

segregation in length classes.  Cod length ranged between 20.5 and 52.7 cm, suggesting age 

varied between one and three (URL 4). In spring and summer most cod present were from 

the age groups one and two (25-40 cm), in autumn and winter most cod individuals 

belonged to the age group two to three (35-45 cm). The results on CPUE exhibited a 

seasonal pattern, with the highest catch rates observed during summer and autumn and 

lowest during winter and spring. CPUE at LCT followed similar seasonal patterns to those 

recorded at the WAR. Heessen (1983) observed a clear seasonal migration in age groups one 

and two of cod and found that the juveniles aggregated in the shallow coastal areas during 

the winter period. Between the age of 2 and 4 most cod individuals attain sexual maturity, 

but it is not before the age of six that all are mature (URL 4) (Cohen et al., 1990). The size 

at first maturity generally ranges between 45 and 60 cm in length (Cohen et al., 1990); 

(Smith et al., 2007); (Link and Garrison 2002). Sexually reproductive individuals migrate to 

spawning grounds during the winter. Peak spawning is observed between January and April 

(Brander, 2005). Combining this foreknowledge with the results of present study, it can be 

assumed that cod arrives at the WAR as juveniles in late spring, after spending their first 
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year of life in coastal waters. Throughout the summer and autumn they reside at the hard 

substrate structures, using them as feeding grounds. Subsequently, in late winter, they 

migrate to other areas. This migratory event could be induced by several factors, depending 

on the life history stage of the individual. First, individuals could migrate to spawning 

grounds in late winter. Second, individuals developing at the WAR could outgrow the 

presented prey availability and migrate to foreign hovering areas.  

Condition indices such as the Fulton‟s condition index (K) and liver somatic index 

(LSI), as used in the present study, have been demonstrated to provide an adequate and 

straightforward way of estimating the energy reserves of Atlantic cod (Lambert and Dutil, 

1997a). This study showed that the condition of cod followed seasonal cycles, exhibiting 

lower energy reserves during spawning season and higher energy reserves during summer 

(Lambert and Dutil, 1997); (Yaragina and Marshall, 1999). The exact causes of these 

fluctuations could not be determined in this study, but temperature, gonad maturation and 

trophic influences have all been related to seasonal fluctuations in the condition of Atlantic 

cod (Lloret and Rätz, 2000), (Yaragina and Marshall, 2000) (Schwalme and Chouinard, 

1999). A comparison between the obtained condition indices values with those obtained in 

previous studies revealed that cod was well fed throughout the entire year. (Martinez et al., 

2004), (Guderley et al., 1994) 

Results obtained in this study suggest that Atlantic cod benefits from the WAR, using 

them as feeding grounds, and that energy is transferred from the WAR to cod. In fact, many 

of the prey items present in the diet belonged to the WAR epibenthic community. 

furthermore, the most important prey items in the diet of cod, Jassa herdmani, Pisidia 

longicornis and Phtisica marina are all restricted to hard substrate and are known to be 

established in high densities on the foundations of TD5 (Kerckhof et al., 2009, 2010). In 

addition, cod exhibited a high feeding intensity throughout the entire year. Feeding intensity 

is positively related with the degree of stomach fullness and negatively related with the 

percentage of empty stomachs (Jardas et al., 2004). These results highlighted the 

importance of the dietary relationship of Atlantic cod with the WAR epifauna on the 

Thorntonbank. 

The results obtained were indicative for a spatial-temporal variation in diet 

composition for Atlantic cod. In addition, by comparing the diets of the two study areas and 

by focussing on the seasonality in dietary indices, it could be assumed that cod diet reflected 

prey availability. The degree of spatial-temporal overlap between cod and the available 

epifauna was clearly reflected in the diet. In this sense cod could be considered as an 
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opportunistic feeder, as proposed in previous studies (Link and Garrison, 2002), (Nielsen, 

2001).  

Stomach contents sampled at LCT revealed the highest frequency of occurrence for 

plant material (%FO=75%). The IRI revealed that Jassa herdmani and Ophiotrix fragilis were 

the subsequent most important prey items of the list. A study conducted by Zintzen et al. 

(2008) revealed that the hydrozoan Tubularia indivisa dominated the epibenthic community 

at LCT, followed by Jassa herdmani and Ophiotrix fragilis. In the last stages of data analysis 

the idea was envisaged that the supposed “plant material” could represent the actual stalk of 

the hydrozoan, Tubularia indivisa. Stomach contents, sampled at the WAR, identified Jassa 

herdmani followed by Pisidia longicornis and Phtisica marina, as the key food component.  

Jassa herdmani was found to be a key species at the windmill foundations. Pisidia longicornis 

and Phtisica marina were also represented in high densities (Kerckhof et al., 2010). These 

results justified the abovementioned statement of cod having a low selectivity within the 

encountered range of prey species and that the dietary composition mainly reflected spatial 

density patterns in epibenthic communities.  

At the WAR, cod switched from a diet largely dominated by Jassa herdmani in 

summer and Liocarcinus holsatus in autumn to a diet dominated by Pisidia longicornis in 

winter and spring. This shift in cod feeding was reflected in the seasonal availability of the 

prey items. Kerckhof et al. (2010) investigated the seasonal and vertical variation in 

biofouling of TD5. This study revealed clear seasonality and verticality in biofouling. In winter 

Pisidia longicornis dominated the fouling community at a depth of 25 m, on the erosion 

protection layer were cod feed on. In summer, Jassa herdmani was the most dominant 

species at 25 m. (Kerckhof et al., 2010). These results reinforced the suggestion that the 

seasonal variation in feeding patterns principally reflected the seasonal density patterns in 

fouling assemblage.  

The multivariate analysis detected a low seasonal clustering of diets from the WAR. 

ANOSIM showed a rather low R value, suggesting a high dietary overlap between seasons. 

SIMPER showed that diets, nested within seasons, had a very low similarity, indicative of a 

high degree of data dispersal. The dissimilarity in dietary composition between seasons was 

high, most likely a consequence of the high degree of data dispersal. No significant 

difference was found for the diets clustered by locations. The PCA plot confirmed the findings 

of the feeding indices, that Jassa herdmani was the dominant diet item in summer diets, 

Pisidia longicornis in winter and spring diets and Liocarcinus holsatus in autumn diets. No 

spatial clustering was found for the diets of LCT and the WAR, thus according to MDA, diet 

composition did not significantly differ between the two locations. 
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5.2 Pouting (Trisopterus luscus) 

 

Results on CPUE data indicated that the implementation of the WAR in the BPNS 

introduced a local increase in abundance of the pouting population. The high catch rates 

perceived at the WAR were a clear indication of the high dependency of pouting to the hard 

substratum. The results obtained were in general agreement with those of previous 

investigations conducted in the BPNS (Zintzen, 2006); (Mallefet, 2007); (Reubens et al., 

2009, 2010). A comparison in CPUE values between LCT and TD5 revealed considerably 

lower catch rates at LCT than at TD5. This significant difference in CPUE between LCT and 

WAR could be attributed to various factors (see discussion Atlantic cod). Consequently, 

deducing whether WAR effectively yields a higher pouting abundance than LCT was not 

straightforward. CPUE on the soft substrate of the sandbank was zero for all sampling 

campaigns. Preceding studies revealed similar results (Vandendriessche et al. 2009). The 

continuous absence of pouting from the reference site versus the high abundance in the 

vicinity of the WAR signified the importance of these structures for pouting populations. 

Results revealed a clear seasonal fluctuation in population structure. Pouting length 

ranged between 15.9 and 33.0 cm, suggesting age varied between one and four (Merayo & 

Villegas, 1994). In spring, summer and autumn, most individuals populated the length class 

19 to 23 cm, representing age class one and two; in winter most individuals populated the 

length class 23 to 27, representing age class two and three. The CPUE values revealed a 

seasonal fluctuation in the catch rate of pouting, with the highest catch rates observed 

during summer and autumn and lowest catch rates during the spring and winter. CPUE at the 

WAR followed similar seasonal patterns to those recorded at the control site, LCT. Previous 

studies, attempting to unravel the life history of pouting, observed that early juveniles 

migrate to shallow inshore areas (Hamerlynck and Hostens, 1993). After spending their first 

year of life in these habitats, pouting migrates to more distant rocky areas, where they reach 

sexual maturity, at the age of one or two. Length at first maturity ranged between 19.2 and 

24 cm, in the reviewed articles (Alonso-Fernandez et al., 2008), (Cohen, 1990), (Hamerlynck 

and Hostens, 1993), (Merayo, 1996), (URL 5). Peak spawning is observed between February 

and April (Alexandre et al., 2008).  Combining these observations with the results obtained 

in the present study, it can be stated that pouting migrates to the WAR and LCT in late 

spring or early summer, after spending their first year of life in shallow coastal areas. During 

summer and autumn the WAR are used as feeding grounds. It can be assumed that pouting 

reach maturity at these hard substrates and migrate to spawning grounds in late winter.  
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Results showed a significant seasonal variation in the Fulton‟s condition factor and 

the liver somatic index.  The condition indices depicted the same trend as the catch rates, 

with peak values in autumn and lowest values during the spawning period.  In previous 

studies, K and LSI variation presented an opposite temporal pattern of the gonadosomatic 

index (Alfonso Fernandez et al., 2007) (Desmarchelier, 1986). It was suggested that there 

was a mobilization of energy reserves from muscle and liver tissue, for gonad development 

during the reproductive period and that there was a high energy investment in reproduction 

(Merayo 1996). Nevertheless, reproduction was not the only considered explanation for the 

seasonal variation in LSI and K. Liver and muscle weight variation may well be linked with 

local environmental conditions such as temperature and food abundance (Desmarchelier, 

1986), (Tanner et al., 2009).  

The results obtained in the dietary analysis suggest that pouting benefits from the 

WAR, using them as areas were food is plentiful. In fact, many of the prey items recovered in 

the diet could be attributed to the AR benthic community. Furthermore, the most important 

prey items Jassa herdmani, Pisidia longicornis and Phtisica marina are all restricted to hard 

substrata and are known to be established in high densities on the foundations of TD5 

(Kerckhof et al., 2009, 2010). In addition, the feeding intensity was high throughout the 

year, as the percentage of empty stomachs was low and the degree of stomach fullness high 

(Jardas et al., 2004). These results highlighted the dietary linkage of pouting with the 

benthic epifauna of the WAR on the thorntonbank. Thus, it can be stated that pouting uses 

the available biomass produced on the WAR. Therefore, energy is transferred from the WAR 

to the pouting population and is used for fish growth, movement and reproduction. (Leitão et 

al., 2007) 

The results obtained for the feeding indices were indicative for a spatial-temporal 

variation in diet composition for pouting. In addition, comparing the diets of the two study 

areas and focussing on the seasonality in dietary indices revealed that pouting diet primarily 

reflected prey availability. This could be an indication of pouting being opportunistic feeders, 

as issued by previous research (Armstrong, 1982), (Hamerlynck and Hostens, 1993).  

Diet analysis of samples from LCT revealed that Jassa herdmani was the most 

important prey item, followed by Pisidia longicornis. Plant material depicted a high frequency 

of occurrence in the diet of pouting. As mentioned before, the study conducted by Zintzen et 

al. (2008) revealed that the hydrozoan Tubularia indivisa dominated the epibenthic 

community at LCT, followed by Jassa herdmani, Ophiotrix fragilis and Pisidia longicornis. It is 

presumed that the plant material recovered represented the stalk of Tubularia indivisa. The  

stomach contents at the WAR were dominated by Jassa herdmani followed in numerical 

importance by Pisidia longicornis, phtisica marina and in gravimetrical importance by Pisces 
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spec. as the key food component.  Jassa herdmani was found to be a key species at the 

windmill foundations. Pisidia longicornis and Phtisica marina were also represented in high 

densities at the WAR (Kerckhof et al., 2010). These results suggest that overall feeding 

patterns principally reflected density patterns in epibenthic communities.  

At the WAR, pouting switched from a diet largely dominated by Pisidia longicornis in 

winter, to a diet dominated by Jassa herdmani in spring, summer and autumn. It is assumed 

that the shift in feeding could be attributed to the seasonal availability of the prey items. At a 

depth of 25m, where pouting fed, the fouling assemblage was dominated by Jassa herdmani 

in summer and by Pisidia longicornis in winter (Kerckhof et al., 2010). These results again 

indicated that seasonal variation in feeding patterns of pouting principally reflected the 

seasonal fluctuation in numerical dominance of prey species.  

The results obtained from the multivariate analyses detected a significant temporal 

variation in dietary behaviour. Nevertheless, the ANOSIM, comparing seasons, showed a 

very low R value, suggesting high dietary overlap between seasons. SIMPER analysis 

confirmed the findings of ANOSIM, depicting low dissimilarity values for diets grouped within 

seasons. The PCA plot indicated that Jassa herdmani was the dominant diet item in summer 

samples. Pisidia longicornis was found the dominant prey item in winter and Pisces spec. was 

found very important in autumn samples. No spatial clustering was found for the diets of 

LCT and the WAR, thus according to MDA, diet composition did not significantly differ 

between the two locations. 
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6. Conclusion 

From the investigation on CPUE there could be concluded that the implementation of 

the WAR in the BPNS introduced a local abundance increase of the Atlantic cod and pouting 

populations. The continuous absence of cod and pouting from the sandbank reference site 

versus the high abundance in the vicinity of the WAR signified the importance of these 

structures for both species. The CPUE varied through time, with the highest catch rates 

observed during summer and autumn and the lowest during spring and winter. 

The results on population structure depicted a significant seasonality for both cod and 

pouting populations. The age of cod individuals present at the WAR ranged between one and 

three. In spring and summer most cod individuals at the WAR ranged between 25 and 40 

cm, representing age one and two. In autumn and winter length of most cod individuals 

ranged between 35 and 45 cm, representing age two and three. Most pouting individuals 

sampled in spring, summer and autumn populated the length class 19 to 23 cm, 

representing age one and two. In winter most pouting individuals populated the length class 

23 to 27 cm, representing age two and three. 

The Fulton‟s condition index and liver somatic index showed a significant seasonal 

variation for both cod and pouting. Lowest and highest condition values were found 

respectively in spring and autumn for pouting and in spring and summer for cod.  

Both Atlantic cod and pouting showed a temporal variation in diet composition. The 

cod population, residing at the WAR, shifted from a diet dominated by Jassa herdmani in 

summer, to a diet dominated by Pisidia longicornis in spring and winter and to a diet 

dominated by Liocarcinus holsatus in autumn. The pouting population, residing at the WAR, 

shifted from a diet dominated by Pisidia longicornis in winter to a diet dominated by Jassa 

herdmani in spring, summer and autumn samples. No significant spatial variation was 

observed from the multivariate data analysis in diet composition of both cod and pouting. 

Nevertheless, noteworthy spatial differences were found in importance of prey items. 

Throughout the year, plant material was the most frequently observed diet item in cod 

stomachs at LCT followed by respectively Jassa herdmani and Ophiotrix fragilis. At the WAR 

Jassa herdmani was the most important diet item followed by Pisidia longicornis and Phtisica 

marina. Jassa herdmani dominated stomach contents of pouting at LCT followed by Pisidia 

longicornis. Plant material was found in a high percentage of samples. At the WAR Jassa 

herdmani was the most important prey item, followed in numerical importance by Pisidia 

longicornis and Phtisica marina an in gravimetrical importance by Pisces spec.  
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From the investigation on feeding ecology it could be concluded that energy was 

transferred from WAR to the two fish populations investigated. This is an important step in 

attributing the local abundance increase of cod and pouting to attraction or production. 

More research needs to be done to disclose the attraction-production debate. Lack of 

rigorous experimental designs, incorporating the collection of unambiguous longitudinal data, 

to detect long term trends in fish abundance and key life history events, continues to be a 

problem in the field of artificial reef research. For future research it is recommended to 

combine frequent sampling with acoustic telemetry, to detect key events in the life history of 

the species under study such as settlement, migration and mortality. Further, it is suggested 

to combine stomach-content analysis with stable isotope analysis. The underlying 

assumption in using stomach content analysis is that the perceived abundance of individual 

prey items should provide the best measure for its dietary importance. However differential 

digestion for prey items can lead to an over- or underestimation for prey items that are 

digested respectively slowly or rapidly. Moreover some consumed prey items pass through 

the digestive tract without contributing in terms of nutrition (Heirman, 2011). Stable isotope 

analysis on the contrary reflects the true nutritional importance of prey items over the last 

weeks or months (Peterson, 1999).  
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Appendix I 
 
List of prey items found in the stomachs of Gadus morhua at LCT. %FO, Frequency of occurrence, 
%N, mean numerical percentage; %AFDW, mean percentage by ash free dry weight; Q, feeding 

coefficient; IRI, index of relative importance. N/A, no quantification could be made or the 
information is missing. 

 FO% %N %AFDW Q IRI 

Actiniaria spec. 3,92 0,02 0,09 0,00 0,43 

Ammodytidae spec. 1,96 0,01 1,87 0,01 3,68 

Aonides spec. 1,96 0,01 0,00 0,00 0,01 

Asterias rubens 1,96 0,01 0,01 0,00 0,04 

Atylus swammerdami 1,96 0,01 0,00 0,00 0,02 

Brachyura spec. 5,88 0,02 1,49 0,03 8,92 

Callionymus lyra 1,96 0,00 2,17 0,00 4,25 

Corophium acherusicum 19,61 0,16 0,03 0,00 3,62 

Crangon crangon 5,88 0,07 4,06 0,30 24,32 

Decapoda  1,96 0,01 0,30 0,00 0,60 

Electra pilosa 21,57 NA 1,13 NA NA 

empty  13,73 NA 0,00 NA NA 

Gastrosaccus spinifer 1,96 0,01 0,01 0,00 0,04 

Harmothoe spec. 11,76 0,04 0,12 0,01 1,94 

Hydrozoa spec. 1,96 NA 0,00 NA NA 

Jassa herdmani 72,55 92,84 27,76 2577,80 8750,07 

Liocarcinus holsatus 7,84 0,05 17,94 0,94 141,09 

mats jassa  78,43 NA 7,96 NA NA 

Mytilus edulis 3,92 0,01 0,01 0,00 0,09 

Nematoda spec. 21,57 0,13 0,07 0,01 4,47 

Nemertea spec. 1,96 0,01 0,00 0,00 0,01 

Ophiothrix fragilis 21,57 2,19 26,45 58,01 617,79 

Ophiura spec. 1,96 0,00 0,06 0,00 0,12 

others  27,45 0,01 0,46 0,01 13,02 

Paguridae spec. 5,88 0,02 0,37 0,01 2,29 

Pagurus bernhardus 7,84 0,04 1,46 0,05 11,73 

Phtisica marina 50,98 0,90 0,36 0,33 64,26 

Pilumnus hirtellus 3,92 0,01 0,02 0,00 0,13 

Pisces spec. 9,80 0,04 0,16 0,01 1,98 

Pisidia longicornis 64,71 2,51 4,39 11,04 446,82 

Plant material  74,51 NA 0,96 NA NA 

Reptantia  1,96 0,01 0,00 0,00 0,02 

Stenothoe marina 21,57 0,28 0,04 0,01 7,01 

Stenothoe valida 29,41 0,53 0,08 0,04 18,08 

syngnathus rostellatus 1,96 0,01 0,17 0,00 0,36 

Thelepus cincinnatus 1,96 0,01 0,00 0,00 0,02 
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Appendix II 

 
List of prey items found in the stomachs of Trisopterus luscus at LCT. %FO, Frequency of 
occurrence, %N, mean numerical percentage; %AFDW, mean percentage by ash free dry weight; 
Q, feeding coefficient; IRI, index of relative importance. N/A, no quantification could be made or 
the information is missing. 

    %FO %N %AFDW Q IRI 

Actiniaria spec. 4,88 0,08 2,91 0,23 14,58 

Asterias rubens 4,88 0,08 0,02 0,00 0,46 

Callionymus lyra 2,44 0,04 27,28 1,06 66,63 

Callionymus reticulatus 2,44 0,04 5,66 0,22 13,91 

Corophium acherusicum 9,76 0,35 0,01 0,00 3,50 

Crangon crangon 7,32 0,12 0,96 0,11 7,85 

Crangonidae spec. 2,44 0,04 0,12 0,00 0,39 

empty   4,88 NA 0,00 NA NA 

Gastrosaccus spinifer 4,88 0,12 0,02 0,00 0,65 

Jassa herdmani 80,49 87,93 11,52 1013,33 8004,65 

Liocarcinus marmoreus 2,44 0,00 0,99 0,00 2,42 

Liocarcinus spec. 2,44 0,04 2,94 0,11 7,28 

mats jassa  82,93 NA 10,71 NA NA 

Mysid spec. 2,44 0,04 0,00 0,00 0,09 

Natantia   4,88 0,08 0,09 0,01 0,79 

others   14,63 NA 0,02 NA NA 

Paguridae spec. 9,76 0,08 0,94 0,07 9,92 

Pagurus bernhardus 12,20 0,27 13,12 3,57 163,37 

Pagurus pubescens 2,44 0,04 0,02 0,00 0,14 

Phtisica marina 26,83 1,16 0,12 0,14 34,38 

Phyllodoce spec. 2,44 0,04 0,00 0,00 0,10 

Pisces spec. 14,63 0,23 14,67 3,42 218,04 

Pisidia longicornis 58,54 8,04 4,71 37,85 746,11 

Plant material  48,78 NA 2,67 NA NA 

Polychaeta spec. 2,44 0,00 0,00 0,00 0,01 

Pontophilus trispinosus 2,44 0,04 0,25 0,01 0,71 

Processa modica 2,44 0,04 0,12 0,00 0,38 

Processa spec. 4,88 0,12 0,09 0,01 0,99 

Stenothoe marina 4,88 0,12 0,01 0,00 0,59 

Stenothoe spec. 2,44 0,04 0,02 0,00 0,15 
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