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1.  Executive Summary 

The unwanted catches, called discards, are returned to the sea and provide a food source for several marine 

organisms. In 2013, the European Commission established the landing obligation in the Common 

Fisheries Policy, which prohibits fishermen to discard quota-regulated fish species. As a consequence of 

this discard ban, a reduction of the feeding opportunities for benthic scavengers may result in knock-on 

effects on benthic communities. 

The aim of this study is to address the possible effects of the discard ban on infaunal communities and key 

scavenger species of the North Sea, taking into account competition, predation and/or the presence of 

alternative food sources through  three laboratory experiments summarised as: (1) studying the 

consumption on discarded dab (Limanda. limanda) through measuring its weight loss as consequence of 

the scavenging of hermit crabs (Diogenes pugilator), swimming crabs (Liocarcinus holsatus) and the 

combination of both species, considering hunger status, risk of predation and feeding activity; (2) 

explaining the feeding oxygen consumption of D. pugilator and L. holsatus describing their specific 

dynamic action (SDA); (3) studying the effects of plaice (Pleuronectes platessa) discards and epibenthic 

scavengers (Pagurus bernhardus and Asterias rubens) on infaunal communities. 

The findings in this study contribute to the understanding of the role of epibenthic scavengers in the 

decomposition of discards. It is suggested that the discard ban will have a larger effect on L. holsatus 

populations because they consume discarded dab at a larger rate than D. pugilator. Consumption by D. 

pugilator was not detected even at higher densities. However, this result contrasted with the feeding 

metabolism experiment that showed an increment in the oxygen consumption after feeding. Thus .D. 

pugilator can consume discards but their dependence on them on natural environments seems less 

probable. The infaunal experiment indicates that discards and scavengers have an effect on infaunal 

communities, because scavengers i.e. hermit crabs (P. bernhardus) prey on infauna. Simultaneously, a 

migration of infaunal communities as a consequence of the anoxic layer created below the discard was 

detected.  

These findings suggest that discards create shortcuts in trophic relationships, improving the productivity 

of the most efficient scavengers. If discards will no longer be available, the food availability of efficient 

species such as swimming crabs will decrease more, but this may be counterbalanced by alternative food 

sources such as infauna. 
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2. Abstract 

 

In 2013, the European Commission established the landing obligation in the Common Fisheries Policy, 

which prohibits beam trawl fisheries to discard (throw overboard) quota-regulated fish species. A 

reduction of the availability of discards in the sea floor ecosystem can have an impact on benthic 

scavengers due to a reduction of their feeding opportunities.  

This study assessed the importance of discards for infaunal communities and key scavenger species of the 

North Sea considering competition, predation, feeding metabolism and presence of alternative food 

sources. Four key epibenthic scavengers (Diogenes pugilator, Liocarcinus holsatus, Pagurus bernhardus 

and Asterias rubens) and two common discarded flatfish (Pleuronectes platessa and Limanda limanda) 

were used in a series of laboratory experiments.  

The results highlighted a significant effect of discards and epibenthic scavengers on infaunal communities. 

In addition, differences on the feeding metabolism and on the importance of the discards as a food source 

of two benthic scavenger species were detected. Our findings identified certain scavenger species that are 

feeding more prominently on discards, and as such, these species could be stronger impacted by the discard 

ban. 
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3. Introduction 

Discards are described as the portion of the total catch that fishers dump or throw overboard at sea. 

Unwanted captures are discarded because they contain immature organisms, species that cannot be landed 

by legislation, species with very little or no commercial value or species for which the fishing quota were 

exceeded. Discards are considered a waste of fish resources and are in contrast with responsible fisheries 

(Kelleher, 2005). 

With the intention of increasing the selectivity of the fisheries and as such to reduce the amount of discards, 

the European Commission in the Regulation (EU) No 1380/2013 established the landing obligation in the 

Common Fisheries Policy, which prohibits fishermen to discard quota-regulated fish species. However, 

the ecological consequences of the change in the discard policy are not clear. There is a necessity in 

considering the direct effects of discards are on scavenging species and the indirect effects on the food 

web through predator-prey relationships (Heath et al., 2014).  

‘Landing discards’ implies a loss of biomass and energy in the ecosystem, which may result a decreased 

survival and productivity of targeted species of the marine ecosystem (Sardà et al., 2015). Discards are 

also a food source for several organisms at community level. Once the unwanted catch is discarded at sea, 

seabirds are the first who have access (Votier et al., 2004), and mammals also have been observed to feed 

on the discards (Luque et al., 2006).  

FIGURE 1. SCHEMATIC REPRESENTATION OF THE ENDPOINTS OF FISHERY CATCHES. DISCARDED ORGANISMS CAN BE LANDED, OR 

DISCARDED. DISCARDS CAN BE CONSUMED BY SCAVENGING SEABIRDS AND MESO-PELAGIC SCAVENGERS OR THEY REACH THE 

SEAFLOOR WHERE THEY ARE CONSUMED BY FISH OR INVERTEBRATE COMMUNITIES (DEPESTELE, 2015).  
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Nevertheless, less is known about what happens to the discards that are not consumed at the water surface 

(ICES, 2014; Depestele et al., 2016). In the water column, some abyssal fish’s population dynamics are 

controlled by the flux of large particles of carrion (Drazen et al., 2012), discards potentially represent a 

large portion of the diet of some pelagic scavenger species such as common hake (Merluccius hubbsi) 

(Depestele et al., 2016) or very little of them may be consumed in the mid-water (Erzini et al., 2003). The 

remaining portion of discards that sinks to the seafloor is consumed by demersal fish species like lesser-

spotted dogfish (Scyliorhinus canicula) or epibenthic scavengers (Olaso et al., 1998; Kopp et al., 2016) 

(Figure 1).  

Discards may have a “bottom-up” effect on benthic scavengers (Heath et al., 2014). Benthic scavengers 

can use the discards as a food source, therefore a reduction of the discards may alter scavenger populations. 

Epibenthic scavenging invertebrates are generally considered as one homogenous group in food web 

models and little is known about the recycling process by different taxa (ICES, 2014). The energy 

subsidies the discards provide allow the consumers to be more abundant than if they were only sustained 

by the local resources (Bozzano & Sardà, 2002). Continuous discarding in the same area could enhance 

secondary production as a consequence of an increase in the feeding activities of scavenger communities 

(Groenewold & Fonds, 2000; Catchpole et al., 2006). 

In the North Sea, 40% of the captures of demersal fisheries is discarded, primarily consisting of two 

species: European plaice (Pleuronectes platessa) and Common dab (Limanda limanda). From 2010 to 

2012 a total of 48464 tonnes of plaice and 67407 tonnes of dab were discarded (Quirijns el al., 2014). 

Several studies have identified the main benthic scavengers feeding on that discards. In the North Sea, 

Groenewold & Fonds (2000) identified Liocarcinus holsatus, Pagurus bernhardus, Asterias rubens, 

ophiurids, and small gadoids as the main active scavengers. ICES (2014) summarized the main epibenthic 

invertebrate scavengers in European waters were: hermit crab P. bernhardus, swimming crab Liocarcinus 

depurator, whelks Nephrops, common crabs C. maenas, edible crab Cancer pagurus, hagfish Myxine 

glutinosa, ophiurids, small gadoids, amphipods (Orchomene nanus, Scopelocheirushopei), grenadier, dab 

L. limanda, plaice P. platessa, whiting Merlangius merlangus, dragonet Callionymus lyra and grey 

gurnard Eutrigla gurnardus.  

Epibenthic scavengers are facultative rather than obligate scavengers (Britton & Morton, 1994) and as a 

consequence they do not depend on carrion for their survival (Ramsay et al., 1997a). They are attracted 

into the discard area which provides an additional food source to their regular diet. The attraction is larger 

for gadoids, hermit crabs and swimming crabs (Groenewold & Fonds, 2000). The carrion consumption 

rate varies between locations, in part because of the background population of each site, but also because 

of the differences in the competitive ability of each species. These differences may lead to changes in the 

interspecific relationships and the interaction of the species with the discards (Ramsay et al., 1997a).  
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Understanding the competitive relationships of between epibenthic scavengers is crucial to understand 

their role in the decomposition of the discards. The optimal foraging theory explains that when an animal 

is in presence of competitors, its decision to feed is considered as a trade-off between the feeding 

preferences, the nutritional status and the risk of death by predation. When the nutritional status decreases, 

there is a moment when the probability of dying of starvation exceeds that of being preyed (McKillup & 

McKillup, 1994). 

Chakravarti & Cotton (2014) demonstrated that competition has significant effects on feeding rates in C. 

maenas because they spend shorter handling times with the discard in the presence of a predator. Tirelli el 

al. (2000) described that the swimming crab L. depurator has a negative influence on D. pugilator, because 

it kills individuals or reduces the number of shells available for the population, which is directly 

proportional to the number of hermit crabs. However, under laboratory conditions, the lack of resources 

can cause competition, sometimes not as real fights but more as the bigger species taking possession of 

the food. Some species of hermit crab such as D. pugilator and Pagurus longicarpus defend themselves 

from predation, not only by their shell, but also by burrowing behaviour (Kuhlmann, 1992; Tirelli el al., 

2000), suggesting that hermit crabs under predation risk may spend more time buried instead of feeding. 

The whelk Nassarius festivus can stay between 7 and 13 days under starvation when there is the possibility 

of predation. However, Nassarius siquijorensis, will feed despite the possibility of predation. One of the 

reasons these why species can have different hunger times that override the risk of predation is probably 

because of differences in the energetic expenditures (Morton & Chan, 1999). 

Food falls in the deep see may provide as much as 11 % of benthic community respiratory requirements. 

In shallow water this influence is less known for epibenthic scavengers (Ramsay et al., 1997a). 

FIGURE 2. THEORETICAL POSTPRANDIAL METABOLIC PROFILE OF METABOLIC RATE PLOTTED AGAINST THE TIME POST FEEDING. 

(SECOR, 2009) 
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Understanding the energetics of the scavengers in addition to their competitive relationships may help to 

clarify their role in the consumption of discards. 

A balance between energy intake and energy expenditure maintains the nutritional status of an animal. 

This balance fluctuates because of limited food availability and behavioural changes (Watts et al., 2014). 

As a consequence of starvation, a reduction of the daily oxygen consumption (expressed as metabolic rate) 

occurs in crustaceans such as Cancer pagurus (Ansell, 1973). After ingestion, metabolic rate increases 

rapidly before slowly returning to the baseline levels. This physiological process is called specific dynamic 

action (SDA) (Figure 2), as described by the postprandial (after feeding) increase in oxygen uptake, the 

peak levels of in oxygen consumption and the duration of the SDA. It represents the energy expended on 

the ingestion, digestion, and assimilation of a meal (Secor, 2009).  

The peak in the metabolic rate after feeding is generally two to four times higher than the pre-feeding 

values in marine ectotherms. However, the time to reach the peak, the absolute increment and the duration 

of the response can vary depending according to species, meal size and composition, body size, salinity 

and temperature (Whiteley et al., 2001). Several studies have described the SDA in crustaceans, most of 

them focused in the crab Carcinus maenas (McGaw & Curtis, 2013; Wallace, 1973; Robertson & Taylor, 

2002), also in Cancer gracilis (McGaw, 2006) or in the blue crab Callinectes sapidus (McGaw & Reiber, 

2000). No information on the SDA was found for any species of swimming crabs or hermit crabs.  

Additionally to changing epibenthic scavenging communities, discards may also alter the communities 

living in the sediment, i.e. infaunal communities. An input of organic matter can have a strong effect on 

the community, altering diversity, density and community composition (Franco et al., 2008). The 

decomposition of discards leads to biogeochemical changes in the sediment composition because of the 

oxygen stress as a consequence of the associated bacterial respiration of the dead of organic matter (ICES, 

2014).  

One of the most important factors in the infaunal distribution is the oxygenation levels of the sediments 

(Moodley et al., 1998). Low oxygen concentrations can cause lateral migration, mortality, or emergence 

of sediment infauna. Crustaceans and echinoderms are more sensitive to oxygen than annelids, molluscs 

being the least sensitive taxon (Gray et al., 2002). Jelly fish carrion is a food source for macrofauna. 

However, the low oxygen concentrations, together with the accumulation of toxic sulfides near the surface 

explain the changes in the infaunal community because of the decomposition of the jellyfish (Chelsky et 

al., 2016). The decomposition of discards creates anoxic patches in the sediment that lead to the alteration 

of nematode communities in the sediment (Franco et al., 2008). Respiration and nutrient fluxes are related 

to animal densities, hence a reduction of the densities can have implications for ecosystem functioning 

(Braeckman et al., 2010). 

The aim of this study is to assess the importance of discards for key scavenger species and infaunal 

communities taking into account competition, predation and/or the presence of alternative food sources.  
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Based on previous publications, four key species of epibenthic scavengers were selected: the starfish A. 

rubens, the swimming crab L. holsatus, the hermit crabs P. bernhardus and Diogenes pugilator. As 

discards, the two species with the highest discarded biomass were selected: P. platessa and L. limanda. 

Three separate laboratory studies were conducted to this end, each addressing different objectives at the 

different levels of the benthic communities: 

I) Studying the consumption on discarded dab (L. limanda) by epibenthic scavengers (hermit crabs 

D. pugilator and swimming crabs L. holsatus) taking into account their hunger status and risk of 

predation. Response variables included: 

 Weight loss of dead (discarded) dab as a consequence of  

o scavenging by hermit crabs, swimming crabs and a combination of both species  

o scavenging by hermit crabs at low and high densities 

 Feeding activity of hermit crabs, swimming crabs and both species combined in the presence 

of discarded dab.   

II) Describing the SDA of D. pugilator and L. holsatus for better understanding of their feeding 

metabolism. 

III) Studying the effect of discards and the activities of the epibenthic scavengers (starfish A. rubens 

and hermit crab P. bernhardus) on infaunal communities, by investigating their horizontal and 

vertical distribution. 

A more precise understanding of the relationships between the discards, epibenthic scavengers and infauna 

will help us to address the possible the effects of the discards ban on benthic populations. 
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4. Materials and methods 

4.1. Consumption experiments 

4.1.1. Animal collection  

Hermit crabs (Diogenes pugilator) were collected the 16th February 2017 using a trawl of 3 m dragged 

in the intertidal zone of the beach of Ostend (51º 14’ N, 2º 55’ E) (Figure 1) at low tide, during three 

hauls of 1600 m each. 

Common Dab (Limanda limanda) and swimming crabs (Liocarcinus holsatus) were sourced on the 20th 

and 21th February 2017 in the Belgian part of The North Sea (Figure 1), on-board of the ‘Research Vessel 

Simon Stevin’. For the sampling campaign of the first day a beam trawl (3.4 m long, 3 m wide and 12 x 

12 mm mesh size) with tickler chains was deployed. Animals were collected at three stations: dyfs13 (51º 

14 N, 2º 48 E), dysf26 (51º 14 N, 2º 46 E) and dysf12 (51º 18’ N, 2º 50 E). The sampling of the second 

day was carried out with a beam trawl (2 m long, 3 m wide and 9 x 9 mm mesh size) with a tickler-chain 

in the ground rope (De Smet et al., 2015) at the stations numbers: 215 (51º 16 N, 2º 36 E), 2251 (51º 14’ 

N, 2º 43 E), 2252 (51º 14’ N, 2º 44 E) and 120 (51º 11’ N, 2º 42 E). Animals were collected in 

approximately 20 min at hauls with a fishing speed of 2.5- 4.5 knots. The catch was released on the deck, 

from which dab and swimming crabs were sorted. Dab was frozen and swimming crabs were submerged 

in on-board holding tanks with continuous supply of oxygenated sea water, as described in Depestele et 

al. (2014).  

Once in the aquaria, epibenthic scavengers were transferred to (75 x 56 x 30 cm) flow through holding 

tanks. One hour passed between the moment when the vessel arrived to the harbour and the animals were 

transferred to the aquariums, at the Institute for Agricultural and Fisheries Research, in Ostend, Belgium. 

During the first day animals acclimated to the tank conditions and individuals under sub-optimal 

conditions (with missing walking legs or chelipeds) were removed. In the second day animals were fed 

ad libitum with plaice (Pleuronectes platessa) and shrimp (Crangon crangon). After 7-10 days of 

acclimation to the aquaria conditions, epibenthic scavengers were placed in the experimental tanks 

4.1.2. Animal acclimatization 

Epibenthic scavengers were transferred from the on-board holding tanks to an onshore flow-through 

holding tank system with aquaria of 75 x 56 x 30 cm. One hour passed between the moment when the 

vessel arrived to the harbour and the animals were transferred to the aquaria. During the first day, animals 

acclimated to the aquarium conditions and individuals in sub-optimal conditions (with missing walking 

legs or chelipeds) were removed. In the second day, animals were fed ad libitum with plaice (Pleuronectes 

platessa) and shrimp (Crangon crangon).  
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4.1.3. Experimental tank systems 

Experimental tanks were filled with dry sand taken from the beach of Ostend and sea water. Sea water 

was pumped from the sea at high tides and displaced to the laboratory facilities: first, it was collected in a 

main tank, where it was fully aerated and, then, it was distributed to the experimental tanks. After 7-10 

days of acclimation to the aquaria conditions, epibenthic scavengers were placed in the experimental tank 

system. Treatments (see below) were randomly distributed across the experimental tanks. Epibenthic 

scavengers as well as the discarded dab were assigned to a tank, and selected in order to have a similar 

total biomass for each of the treatments. In other words, the total biomass of discarded dab in treatment X 

was similar to the total biomass in treatment Y. The sex of the epibenthic scavenger was registered, but 

not taken into account in distributing animals across tanks due to the lack of animals of similar biomass 

and sex. One individual out of 40 of L. holsatus died during the experiment and was replaced. 

Two experiments were performed (see experimental design): (1) interspecific competition experiment and 

(2) density experiment (see experiment design). Two different tank systems were available and allowed 

to run the two experiments simultaneously. 

FIGURE 3. SAMPLING LOCATIONS WHERE THE ANIMALS WERE COLLECTED. THE DASHED LINE REPRESENTS THE BELGIUM 

BOUNDARIES OF THE NORTH SEA. 
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For the interspecific competition experiment, 16 flow-through holding tanks (80 x 60 x 32 cm) were used. 

Each tank was filled with sand (10 cm of thickness). Each tank had its unique water flow ensuring the 

independence of each treatment and to avoid the influence of possible stressor hormones released by the 

scavengers of other tanks (Briffa & Williams, 2006). The water temperature varied between 11 - 13.5 ºC 

(mean ± SD) (12.4 ± 1.0 ºC) was controlled by a cooling system. Oxygen concentration (8.32 ± 0.39 mg/L) 

and salinity (33.34 ± 0.28 PSU) were under daily control, ammonia (0.2 ± 0.1 ppm), nitrite (0.1 ± 0.1 

ppm) and pH (8.08 ± 0.09) were checked every two days.   

For the density experiment 12 flow-through holding tanks (75 x 56 x 30 cm) were used. The experiment 

was conducted at a temperature between 11 - 13.6 ºC (mean ± SD) (11.91 ± 0.50 ºC). Oxygen 

concentration (8.49 ± 0.24 mg/L) and Salinity (33.03 ± 0.63 PSU) were daily checked, ammonia (0.5 ± 

0.1 ppm), nitrite (0.5 ± 0.34 ppm) and pH (8.01 ± 0.11) were checked every two days.    

4.1.4. Experimental set-up 

Two experiments were performed (see experimental design):  

1) Interspecific competition experiment  

The competition experiment consisted in 4 treatments with 4 replicates: “Control” with discarded dab; “D. 

pugilator” with discarded dab and 5 hermit crabs (D. pugilator); “L. holsatus” with discarded dab and 5 

swimming crabs (L. holsatus); and “D. pugilator + L. holsatus” with discarded dab and 5 individuals of 

D. pugilator and 5 of L. holsatus (Figure 4). In total, 32 individuals of L. limanda (wet weight: 84.71 ± 

23.10 g; body length: 188.75 ± 14.76 mm), 40 individuals of D. pugilator (wet weight with shell: 1.59 ± 

0.45 g; wet weight without shell: 0.42 ± 0.09 g; shell length: 19.84 ± 6.86 mm) and 40 individuals of L. 

holsatus (wet weight: 5.08 ± 2.53 g; body length: 19.45 ± 12.43 mm) were used. 

2) Density experiment 

The density experiment had 3 treatments with 4 replicates for each treatment: “Control” with discarded 

dab; “5 D. pugilator” with discarded dab and 5 individuals of D. pugilator; and “15 D. pugilator” with 

FIGURE 4. REPRESENTATION OF THE TREATMENTS INCLUDED IN THE INTERSPECIFIC COMPETITION EXPERIMENT 
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discarded dab and 15 individuals of D. pugilator (Figure 5). In total 24 individuals of L. limanda (wet 

weight: 54.68 ± 31.36 g; body length: 168.33 ± 2.65 mm), 80 individuals of D. pugilator (wet weight with 

shell: 1.40 ± 0.99 g; wet weight without shell: 0.34 ± 0.16 g; shell length: 20.39 ± 2.62 mm) were used.  

 

The same procedure of manipulations was performed to both experiments. Animals were starved during 

one week before starting the experiments. Animals exhibiting aggressive behaviour were separated from 

each other using cylindrical nets (all tanks of the competition experiment, none in the density experiment). 

A dead dab was added to the tanks on the first day Week 1 to simulate a discarded flatfish. Its wet weight 

and length were measured before introducing it into the tank. On the first day of the Week 2 the “old” 

discarded dab was removed and weighted. The difference of its initial weight and its weight following 7 

days in the tanks were indicative of the consumption after a period of starvation. On the first day of the 

Week 2, a fresh discarded dab was measured and introduced to the tanks. After the Week 2, the discarded 

dab was removed and blotted weighted, to measure the consumption of discarded dab when the epibenthic 

scavengers were not starved (Figure 6). 

 

Epibenthic scavengers were measured and weighted three times to calculate the total biomass per tank. In 

the case of D. pugilator, wet weight was measured with shell after drying the shells of the animals and 

removing the water from the inside of the shell. The weight without shell was also registered for a small 

selection of hermit crabs (N = 35) in order to establish a relationship between the weight with and without 

shell. Shells were removed by slowly flaming the tip of the shell, causing the animal to evacuate without 

FIGURE 5. REPRESENTATION OF THE TREATMENTS INCLUDED IN THE DENSITY EXPERIMENT 

FIGURE 6. TIME SERIES OF THE EXPERIMENTATION TIME 
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harm and preserving the shell to let the animal re-enter after weighting it (Tran et al., 2014). Weighting 

without the shell was carried out at the end of the experiments to avoid stressing the animals during the 

experiments. All wet weights with shell were converted to weights without shell using the regression curve 

(R²=0.78; Annex I):  

𝑊𝑒𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 without shell =  0.3747ln(Wet weight with shell)  +  0.2603 [1] 

In order to test the consumption of discarded dab taking into account the total biomass of epibenthic 

scavenges of each sample, the weight of dab consumed was divided by the total weight of scavengers of 

each tank, considering for D. pugilator the weight without shell. 

Feeding activity 

The feeding behaviour was observed during the course of the experiment. The introduction of the 

discarded dab in the experimental tank was followed by a 30 min observation period of the feeding 

activity. The number of individuals that were feeding was noted at 1, 3, 6, 9, 12, 15 and 30 min time 

interval. Feeding activity of the first 30 min period was evaluated to help interpreting the (potential) 

differences found in the consumption between weeks (starvation or not) and between treatments (predation 

risk for hermit crabs, availability of an alternative food source for swimming crabs). Daily observations 

were also made until the dab was removed from the experimental tanks. The daily observations were not 

analysed statistically, but merely served as a proxy to know whether behaviour remained consistent during 

the one-week experimentation period. 

4.2.Feeding metabolism experiment  

Individuals used in this experiment were included in the “Animal collection” and “Animal 

acclimatization” of 4.1. After that procedure, they had an acclimation period of one month. The food was 

removed to have a starvation period of one week before the metabolic rate experiment started. 

4.2.1. Experimental set-up 

FIGURE 7. TIME SERIES OF THE METABOLIC RATE MEASUREMENT 

The metabolic rate measurements (oxygen consumption (mg O2 kg/h)) were carried out in Plexiglas cores 

with a diameter of 10 cm and 25 cm in height. The cores were filled with sediments and sea water and 

closed from surrounding air by Teflon lids (Braeckman et al., 2010). To avoid oxygen gradients in the 



 

13 
 

water column, Teflon-coated magnets that rotated by a central magnet were inserted on the top to the 

cores. The cores were covered with Aluminium foil to avoid light disturbance of the organisms and algal 

oxygen production. The cores were then submerged in tanks with continuous flow water (salinity 32.8) to 

reduce temperature fluctuations. The mean (±SD) temperature in the controlled tanks was 13.35 ± 0.24 

ºC. 

Closed-system respirometry was carried out to measure the oxygen consumption of the organisms. This 

method places the animals in closed cores that were used as metabolic chamber and to measure the decline 

in oxygen concentration in the chamber over time. The respirometry periods finished with flushing periods 

to replace the water of the cores and avoid hypoxia conditions on the experimental individuals (Svendsen 

et al., 2016). In this experiment, the respiration measurement lasted 45 minutes, with four measurements 

of the oxygen concentration of the water along each period. The measurements were done with 2 optodes 

that were connected via 4 m long cables to a 4-channel FireSting2 (Pyroscience). A temperature sensor 

was used in concordance with one of the optodes and connected to a PC to log temperature using the 

Oxygen logger software. 

The standard metabolic rate (oxygen consumption under minimal activity) was recorded twice for L. 

holsatus and three times for D. pugilator during the first three hours of the experiment. The standard 

metabolic rate acted as a control period, after which the animals were placed in individual tanks and a test 

meal was provided to them. The meal consisted of 50 g gelatine mix of thawed Limanda limanda, soaked 

gelatine leaves (Dr. Oetker Gold extra Gelatine Sheets) and 25 mL of water. The gelatine mix was poured 

in Mytilus edulis shells and preserved during 4 days in a fridge (4 ºC) until experimental treatment 

(Devriese et al., 2017). 

The feeding behaviour was evaluated every 2 minutes during a feeding period of 30 minutes. Specimens 

that did not feed were not used in further analysis. When the feeding period was completed, animals were 

returned to their cores and the postprandial consumption measurements (after feeding) started. The first 

three measurements of postprandial activity were done with resting periods of one hour. After that, another 

three measurements with resting periods of 3-4 hours were carried out, following an analogous procedure 

as in McGaw & Penney (2014) (Figure 7). 

The experiment was carried out on 22 March 2017 for L. holsatus with a total duration of 30 hours, and 

the day after (23th March 2017) for D. pugilator with a total duration of 27 hours. Oxygen consumption 

in the water column was controlled for using two water-filled cores without animals. These control 

measurements were used to estimate respiration or oxygen production of the water column by micro-

organisms (e.g. bacteria) (Svendsen et al., 2016). Because only the individuals that feed were considered 

in the analysis, three individuals of D. pugilator (wet weight with shell (g ± SD): 0.83 ± 0.13; wet weight 

without shell: 0.21 ± 0.08) and eight individuals of L. holsatus (wet weight: 3.66 ± 0.789) were used. 
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4.3.Infauna experiment 

4.3.1. Animal collection  

Sediments, infauna and epifauna were collected at the station 115bis (51° 09; 2' N; 02° 37; 2' E) of the 

Belgian part of the North Sea. The sampling took place on 1st April 2016 on the research vessel ‘Simon 

Stevin’. Plaice and epibenthic scavengers were sourced from 20 min hauls with a 3 m beam trawl. 

Sediment and infauna were collected using a Van Veen grab and stored in buckets filled with sea water. 

4.3.2. Animal acclimatization 

Once ashore, one hour passed between the vessels arrived to the harbour and the animal were transferred 

to the aquarium. Plaice was frozen and stored in the freezers at 4 ºC. Sediments with infauna were 

immediately transferred to the aquaria, having a sediment thickness of 6 cm per tank. Epibenthic 

scavengers were stored in (118 x 78 x74 cm) flow-through tanks, fed with mussels, plaice and whiting ad 

libitum. Two days before starting the experiment, the scavengers were transferred to the experimental 

aquaria and acclimatized without food. 

4.3.3. Experimental set-up  

The experiment was conducted in flow-through aquaria (59 x 30 x 35 cm) split in two equal sides by a 

plastic screen. Water was kept at temperatures between 10 – 12 ºC by a cooling system. The experiment 

had 4 treatments: “Control” with sediment and infauna; “Discard” with sediment, infauna and discarded 

plaice; “P. bernhardus” with 3 hermit crabs P. bernhardus, sediment, infauna and discarded plaice; and  

“A. rubens” with 3 starfish A. rubens, sediment, infauna and discarded plaice (Figure 8). Each treatment 

had 4 replicates. A total of 12 hermit crabs and 12 starfish were used for this experiment.  

In order to standardize and stimulate the feeding of the scavengers, they were placed under a starvation 

period of 7 days. During this period, individuals within an aquarium were separated from each other with 

nets to prevent cannibalism and stress. The nets were removed on Day 8 and discarded plaice was added. 

FIGURE 8 SCHEMATIC REPRESENTATION OF THE TREATMENTS INCLUDED IN THE INFAUNA EXPERIMENT. TREATMENTS CONSISTED 

OF DIFFERENT COMBINATIONS OF STARFISH, HERMIT CRABS AND PLAICE. 
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After 7 days the “old” discarded plaice was removed and replaced with new discarded plaice, which stayed 

in the tank for one week (Figure 6). 

After the three weeks of experiment, infauna was sampled from the aquaria by inserting three cores of 5 

cm diameter in the sediment. One core was taken where the fish was not present (“Sediment”), one core 

was positioned at the edge of the tail of the fish (“Mix”) and one core was obtained from underneath the 

fish (“Fish”) (Figure 9). In the “Control” treatment, three “Sediment” cores were taken. The sediment was 

sliced into 0-2.5 cm and a 2.5-5 cm slices. Sediment slices were stored in plastic jars with an 8 % 

formaldehyde- seawater solution for later identification.  

Oxygen concentration, salinity and temperature were measured daily during the 3 weeks of 

experimentation, using a multi parameter water quality measurer. Ammonia and nitrite concentrations 

were measured every two days using aquarium tests.  

Before identifying the specimens, each sample was rinsed and sieved with a mesh of 1mm. Identification 

of organisms to species level was done using binoculars and different identification guides. When 

identification to species level was not possible, identification was done to the most detailed possible level. 

Biomass of each taxa was measured as wet weight after blotting with absorbent paper. The practical work 

of this master thesis in this experiment, covers part of the infauna identification. 

4.4. Statistical analysis 

4.4.1. Consumption 

The statistical analysis was carried out in R statistical software, version 3.4.0 (R Core Team, 2013). The 

data were analysed using Generalized Linear Models (GLM) with Gaussian error distribution. The 

variables ‘Treatment’ and ‘Week’ were evaluated as explanatory variables in the consumption of a 

FIGURE 9 LOCATIONS WHERE THE THREE CORES WERE TAKEN IN EACH EXPERIMENTAL TANK. 
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discarded fish by epibenthic scavengers. The variable “Week” had 2 levels: “Week 1” and “Week 2”. 

“Week 1” represented feeding following a period of starvation, while in “Week 2”, animals had the 

opportunity to feed on a discarded dab for one week. The variable “Treatment” had four levels: “Control”, 

“D. pugilator”, “L. holsatus” and “D. pugilator + L. holsatus”. The treatment “Control” consisted of a 

tank without any epibenthic scavengers, while 5 individuals of a species were present in the other 

treatments.  

 When the analysis was carried out for the consumption by biomass of scavenger, the treatment “Control” 

(without scavenger) was not included in the analysis. The package from R “gmulti” (Calcagno, 2013) was 

used to find the best fitting models, including the variables “Treatment”, “Week” and the interactions 

between variables. The Akaike information criterion scores (AIC) was used to select the best models. The 

two best fitted models were compared using the likelihood ratio test. Normality of the residuals and the 

homoscedasticity of the residuals was visually evaluated from the QQplots and the plot of residuals versus 

fitted values. The significance of the final selected model was evaluated by an Analysis of Variance. 

Pairwise comparisons of the least mean squares were applied using Tukey adjusted p-values from the R-

package “lsmeans” to compare differences between weeks and/or treatments (Lenth, 2016). When the two 

variables were included in the best fitted model, the correlation between the variables was also checked 

to see if one of the predictors was redundant in the model.  

When normality of the residuals could not be confirmed, GLM approach as presented before is not 

recommended. As an alternative, because of high variability in the data set, the analysis of each week was 

done separately, in the week where the normality of the residuals was not confirmed for GLM, a non-

parametric test Kruskal-Wallis was carried out. 

4.4.2. Feeding activity 

Feeding activity was assessed from a generalized linear-mixed model (GLMM) with the function “glmer” 

of the “lme4” package (Bates et al., 2015), with binomial error distribution and logit link function. Feeding 

activity, as a response variable, was expressed as the number of individuals feeding from each aquaria 

divided by the total number of individual of a species. Four variables were evaluated as explanatory 

variables of feeding activity: Week (“Week 1” and “Week 2”), Time (minutes: 1, 3, 6, 9, 12, 15, 30), 

Species (“D. pugilator” and “L. holsatus”) and Treatment (“Presence”, “Absence” of other species). The 

effect of the experimental tanks was included as a random factor. The estimation of the goodness-of-fit of 

GLMM was performed with the likelihood ratio test and by the visual inspection of the residuals’ plot. 

 

4.4.3. Feeding metabolism 

Oxygen concentration was registered in the respirometry periods (Figure 7) for each of the individuals. 

Metabolic rate was calculated from the slope of the oxygen consumption in each core during the 45 min 

closed respirometry period. Linear regressions of oxygen concentration in function of time were 

performed using the R-package “robust” (Wang et al., 2017). Robust regression was used as an alternative 

to least squares regression to account for outliers or influential observations (Andrews, 1974). When the 
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linear model was not significant the respiration was assumed negligible. Values were corrected for oxygen 

consumption of the “Control” cores for each species individually. Significant oxygen consumptions were 

calculated for each individual by multiplying the estimated slope parameters with the volume of water and 

divided by the weight of the organism (Eq. 2).      

𝑀𝑒𝑡𝑎𝑏𝑜𝑙𝑖𝑐 𝑟𝑎𝑡𝑒 ( 
𝑚𝑔 𝑂2

ℎ×𝐾𝑔
)    =

𝑂2 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛(
𝑚𝑔 𝑂2

ℎ ×𝐿⁄ ) ×𝑊𝑎𝑡𝑒𝑟 𝑣𝑜𝑙𝑢𝑚𝑒(𝐿)

 𝑊𝑒𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 (𝐾𝑔)
                              [2] 

The followings parameters were calculated from the metabolic rate (if it was possible): (a) time to reach 

the peak in oxygen consumption after feeding and (b) the duration of the SDA response, until the metabolic 

rate arrives to pre-feeding levels. Changes in metabolic rate (MR) over time and in relation to feeding 

were analysed using general additive models (GAM) (Wood, 2006). This method provides a non-

parametric alternative to linear regressions when the relationships between the response variable and the 

predictors is nonlinear. GAM replace the linear function of the predictors by a non-parametric smoothing 

function (Borsuk et al., 2001).  

The metabolic rate of the two species along time was modelled with Gaussian GAM. Time (T) and two 

way interaction terms (T x Sp) were continuous predictors. The interaction with Time and Species was 

added to understand if the slope of the metabolic rate is species-specific (Shadish et al., 2014). The species 

effect (Sp) was included as a categorical predictor. As the measurements were taken from the same 

individuals along time, the effect of each individual (ID) was added as a random predictor for each species 

(ID x Sp). Each function s(x), has a parametric linear component and nonparametric nonlinear component 

fitted by cubic splines. Nine degrees of freedom were selected for Time, 5 for the interaction between 

Time and Species. The degrees freedom were manually selected so the curves have the shape of the main 

changes but remaining biologically realistic and not too complex as suggested in Jowett & Davey (2007). 

The best model was selected using the backward stepwise elimination, selecting the significant predictors 

through analysis of the variance.   

4.4.4.  Infauna  

To test if there is an effect of discards on infaunal community structure based on abundance (A) and 

biomass (B), a permutational multivariate analysis of variance (PERMANOVA) (Anderson et al., 2008) 

was carried out. For the total number of individuals (N), species richness (S) and species evenness 

(Pielou's evenness) (J′) univariate PERMANOVA was applied. The homogeneity of dispersions between 

groups of samples was tested using the PERMDISP routine (Anderson et al., 2008). The factors used in 

the analysis included “Discard” (“Present” or “Absent”) as fixed factor, nested within the random factor 

“Treatment” (“Control”, “Discard”, “P. bernhardus” and “A. rubens”). 

To test if there is an effect of the location and treatment on the infaunal abundance, a 2-way 

PERMANOVA with “Location” (“Sediment”, “Mix”, “Fish”) and “Treatment” as fixed factors was 

carried out. The samples from the “Control” treatment were excluded for this conference. PERMDIS 

analysis was done to test the homogeneity of the dispersions. When main PERMANOVA test indicated 

significant differences, pairwise PERMANOVA tests were carried out to deduce the nature of the 
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significant effect between each pair of factor levels. A SIMPER analysis was done to identify the species 

that contributed importantly to the difference in community composition between the samples that were 

significantly different in the PERMANOVA analysis.  

In the cases where the number of unique permutations was lower than 100, the p value used was obtained 

from Monte Carlo permutations. Analyses on community structure (multivariate data) were based on the 

Bray–Curtis resemblance measure, the analysis was done for both 4th root transformed and untransformed 

data. For the total number of individuals, species richness and species evenness (univariate data), 

Euclidean distance resemblance measure was applied on untransformed data. Homogeneity of dispersions 

between groups of samples was tested with PERMDISP, using distances among centroids (Anderson et 

al., 2008). 

In all tests, differences were assumed to be significant at p > 0.05. All statistical routines were performed 

using PRIMER (Clarke & Gorley, 2006) and the PERMANOVA+ add-on package (Anderson et al., 

2008). 

4.5. Ethical statement 

The experimentation was carried out following the ethical guidelines of Directive 2010/63/EU of the 

European Parliament, where crabs, hermit crabs and starfish are not under protected regulation. At the end 

of the experiments, the animals were released to their natural habitat. 
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5. Results 

5.1. Consumption experiments 

5.1.1. Interspecific competition effect on the consumption of discarded dab 

 

The effect of scavenging (Treatment) and hunger status (Week) on discarded dab was analysed. The best 

fitted model (AIC = 249.98) included Treatment (df = 21, p < 0.001) and Week (df = 20, p < 0.001) as 

predictor variables. This model was compared with the second best fit (AIC = 264.7) which only included 

as predictor the variable Treatment. The significant differences between the best fitted model and the 

second best fit were found in the GLM analysis (D = 16.7, df = 1, p<0.0001), supporting the selection of 

the first model. 

 The weight of dab was lower after one week of exposure to the treatments with L. holsatus, but not in the 

control treatments and the treatment with D. pugilator (Figure 10). Pairwise comparisons (Annex II) show 

that the biomass of discarded dab decreased significantly (p < 0.05) only when L. holsatus were present. 

The decrease of dab biomass varied between 16.5 and 43.4 g when L. holsatus were present. Reductions 

in dab biomass in the treatments with L. holsatus were higher in Week 2 than in Week 1 (Table 1; Figure 

11). The weight of dab increased in the control treatments or when only D. pugilator was present. In each 

week, the consumption of discards by D. pugilator was not significant (p = 0.925). The effect of 

interspecific competition between L. holsatus and D. pugilator was not supported by the analysis because 

FIGURE 13. FIGURE 4 BOX PLOT OF THE WEIGHT OF DAB (N= 16) AT THE START (“BEFORE”) AND AT THE END 

(“AFTER”) OF EACH WEEK FOR THE TREATMENTS: “CONTROL”, “D. PUGILATOR”, “L. HOLSATUS” AND “D. 

PUGILATOR + L. HOLSATUS”. THE BOX BOUNDS THE INTERQUARTILE RANGE (IQR) DIVIDED BY THE MEDIAN, AND 

TUKEY-STYLE WHISKERS EXTEND TO A MAXIMUM OF 1.5 × IQR BEYOND THE BOX. 

 

 

 

 



 

20 
 

of the consumption of “L. holsatus” and “D. pugilator + L. holsatus” was not significantly different (p = 

0.576). 

TABLE 1. MEANS OF THE WEIGHT CHANGES IN DISCARDED DAB ACROSS TREATMENT OF EACH WEEK. THE TREATMENTS THAT 

DIFFER SIGNIFICANTLY FROM EACH OTHER ARE INDICATED BY A DIFFERENT LETTER (P<0.05). 

Week Treatment Mean n SE Lower CL Upper CL Group 

1 “Control” 10.97 4 3.56 3.85 18.08 ef 

“D. pugilator” 7.95 4 1.95 4.04 11.86 df 

“D. pugilator + L. holsatus” -19.24 4 412 -27.49 -10.98 c 

“L. holsatus” -16.53 4 4.14 -24.81 -8.234 bc 

2 “Control” -11.28 4 5.23 -21.74 -0.82 cd 

“D. pugilator” -1.52 4 7.95 -17.42 14.39 ce 

“D. pugilator + L. holsatus” -26.75 4 8.58 -43.91 -9.59 ab 

“L. holsatus” -43.36 4 2.28 -47.91 -38.80 a 
ABBREVIATIONS: SE: STANDARD ERROR; N: NUMBER OF SAMPLES; CL: CONFIDENCE LIMIT (CALCULATED AS MEAN± 2SE). 

  

5.1.2. Interspecific competition effect on the consumption of discarded dab by biomass of epibenthic 

scavenger  

In order to test the consumption of discarded dab by biomass of scavenger, “Week 1” was analysed with 

GLM apart from “Week 2” because of the non-normal residuals of “Week 2”. The likelihood ratio between 

a null model of no effect (AIC = 98.62) and an alternative model (best fitted) (AIC= 82.56) showed 

significances (D = 20.1, df = 2, p = < 0.0001), suggesting that the variable Treatment is a significant 

predictor of the consumption by biomass of epibenthic scavenger after starvation (“Week 1”) (df = 9, p = 

0.0001). The presence of L. holsatus leads to a mean reduction of dab biomass by scavenger weight 

between 3.42 and 6.43 g (Table 2).  

FIGURE 11. MEAN WEIGHT CHANGE OF DISCARDED DAB BY TREATMENT AND WEEK. THE ERROR BARS INDICATE THE STANDARD 

ERROR. THE TREATMENTS THAT DIFFER SIGNIFICANTLY FROM EACH OTHER ARE INDICATED BY A DIFFERENT LETTER (P<0.05). 
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TABLE 2. MEANS OF THE WEIGHT CHANGES IN DISCARDED DAB BY BIOMASS OF EPIBENTHIC SCAVENGER ACROSS TREATMENT OF 

EACH WEEK. 

Week Treatment Mean N SE Lower CL Upper CL Group 

1 “D. pugilator” 18.78 4 5.27 8.25 29.31 a 

“D. pugilator + L. holsatus” -6.43 4 1.02 -8.47 -4.39 b 

“L. holsatus” -3.42 4 0.68 -4.77 -2.04 b 

2 “D. pugilator” -0.94 4 19.42 -39.79 37.88 - 

“D. pugilator + L. holsatus” -8.85 4 2.75 -14.34 -3.36 - 

“L. holsatus” -9.49 4 0.79 -11.08 -7.91 - 
 
ABBREVIATIONS: SE: STANDARD ERROR; N: NUMBER OF SAMPLES; CL: CONFIDENCE LIMIT (CALCULATED AS MEAN± 2SE). THE 

TREATMENTS THAT DIFFER SIGNIFICANTLY FROM EACH OTHER ARE INDICATED BY A DIFFERENT LETTER (P<0.05). 

“Week 2” was analysed using non-parametric Kruskal-Wallis test. Treatment was not significant (H = 

0.154, df = 2, p = 0.926). Dab biomass was lower after exposure to the treatments with L. holsatus (>8.85 

g) than to the treatment with only D. pugilator (0.94 g). However, the differences were not significant 

(Figure 12). 

The Table 2 shows the means for each treatment for each week. The pair wise analysis for the “Week 1” 

(Annex 2b) shows that the treatment “D. pugilator” is significantly different to the other treatments (p < 

0.0001). However, non-significant differences were found for the comparison between “D. pugilator” and 

“D. pugilator + L. holsatus” indicating that there is not a consumption effect of D. pugilator on the 

discarded dab taking into account the biomass of the scavenger. 
 

FIGURE 12. MEAN WEIGHT CHANGE OF DISCARDED DAB BY BIOMASS PER TREATMENT AND WEEK. THE ERROR BARS INDICATE THE 

STANDARD ERROR. 
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5.1.3.  Effect of D. pugilator density on the consumption of discarded dab 

 

TABLE 3. MEANS OF THE WEIGHT CHANGES IN DISCARDED DAB ACROSS TREATMENT OF EACH WEEK. 

Week Treatment  Mean N SE Lower CL Upper CL 

1 “Control” 5.75 4 9.22 -3.48 14.96 

“ 5 D. pugilator” 4.47 4 4.84 -5.22 14.15 

“15 D. pugilator” 0,58 4 7.43 -14.29 15.45 

2 “Control” 10.84 4 11.99 -13.13 34.81 

“ 5 D. pugilator” 4.84 4 5.66 -6.48 16.15 

“ 15 D. pugilator” -3.19 4 8.76 -20.71 14.31 
ABBREVIATIONS: SE: STANDARD ERROR; N: NUMBER OF SAMPLES; CL: CONFIDENCE LIMIT (CALCULATED AS MEAN± 2SE). 

Figure 13 indicates that the mean weights of the discarded dab are similar at the start of the experiment 

and after 1-week exposure to low and high densities of D. pugilator scavenging. The GLM analysis tested 

whether density or time were significant predictors of consumption. A likelihood ratio between a null 

model (no predictors) (AIC = 198.68) and the second best fit including Week as a predictor variable (AIC 

= 200.67) indicated that there were no differences between models (D = 0.01, df = 1, p = 0.921). In 

consequence, Density Treatment and Week are not good predictors of the consumption of D. pugilator 

with p = 0.433 (df = 21) and p = 0.926 (df = 20) respectively. 

In the Table 3 means for each treatment and week are represented. When 15 individuals of D. pugilator 

were present in the experimental tank, the mean consumption was 5.19 g lower in “Week 1” and 3.65 g 

FIGURE 13. BOX PLOT OF THE WEIGHT OF DAB (N= 12) AT THE START (“BEFORE”) AND AT THE END (“AFTER”) OF EACH WEEK FOR 

THE TREATMENTS: “CONTROL”, “5 D. PUGILATOR”, “15 PUGILATOR”. THE BOX BOUNDS THE INTERQUARTILE RANGE (IQR) DIVIDED 

BY THE MEDIAN, AND TUKEY-STYLE WHISKERS EXTEND TO A MAXIMUM OF 1.5 × IQR BEYOND THE BOX. 
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lower in “Week 2” than the “Control” tanks, where no tanks were present. However, that differences were 

not statistically significant (Figure 14). 

 

FIGURE 14. MEAN WEIGHT CHANGE OF DISCARDED DAB BY DENSITY TREATMENT AND WEEK. THE ERROR BARS INDICATE THE 

STANDARD ERROR.  

5.1.4. Effect of D. pugilator density by biomass on the consumption of discarded dab  

The GLM analysis tested if density or time were significant predictors of consumption by biomass of 

scavenger. The likelihood ratio between the null model (AIC = 167.52) and the second best fit included 

Treatment as a predictor variable (AIC = 168.83) indicated that there were no differences between models 

(D = 0.69, df = 1, p = 0.407). Therefore, Density and Week are not good predictors of the consumption 

by biomass of D. pugilator (df = 14, p = 0.463; df = 13, p = 0.979 respectively). 

TABLE 4 MEANS OF THE WEIGHT CHANGES IN DISCARDED DAB BY BIOMASS ACROSS TREATMENT OF EACH WEEK. 

Week Treatment Mean N SE Lower CL Upper CL 

1 “ 5 D. pugilator” 12.39 4 16.99 -21.58 46.37 

“ 15 D. pugilator” -5.06 4 22.21 -49.50 39.37 

2 “ 5 D. pugilator” 11.96 4 18.18 -24.39 48.32 

“ 15 D. pugilator” -3.44 4 30.65 -64.73 57.86 
ABBREVIATIONS: SE: STANDARD ERROR; N: NUMBER OF SAMPLES; CL: CONFIDENCE LIMIT (CALCULATED AS MEAN±2 SE). 
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Even if the consumption per biomass of the treatment with 15 individuals of D. pugilator is 17.45 g higher 

in “Week 1” and 15.4 g higher in “Week 2” than the treatment with only 5 individuals, the differences 

were not statistically significant (Table 4; Figure 15). 

5.1.5.  Interspecific competition effect on the feeding activity 

The final GLMM for feeding activity selected two predictor variables: Species and Time. This model 

(AIC= 417.1) (Table 5) was compared with the second best model (AIC = 418.8), which included Species, 

Time and Treatment as a predictor variables. The likelihood ratio test did not show significant differences 

(D = 0.27, df = 1, p<0.602) indicating no differences between the two models. To better explain the data, 

the model with the lowest AIC and less predictors was selected. 

 

TABLE 5. DETAILED RESULTS OF THE GLMM FOR FEEDING ACTIVITY. 

 Estimate SE Z value p 

Intercept 2 59 -9.993 <0.001 

Species 97 60 8.662 <0.001 

Time 49 50 -3.067 0.002 
ALL FACTORS AFFECTING THE FEEDING BEHAVIOUR. ESTIMATE GIVES THE VALUES IN PERCENTAGE. ABBREVIATIONS: 

SE=STANDARD ERROR.  

Feeding activity did not change between weeks, i.e. was not different after a period of starvation. There 

are, however, significant differences over the 30 minutes period (p = 0.002) and between species. L. 

holsatus was more active than D. pugilator (p < 0.001) (Figure 6). The statistical significance of Treatment 

FIGURE 15. MEAN WEIGHT CHANGE OF DISCARDED DAB BY BIOMASS UNDER DIFFERENT DENSITY TREATMENTS AND WEEKS. THE 

ERROR BARS INDICATE THE STANDARD ERROR. 
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was weak so no clear effect of interspecific competence in behaviour was detected. On average, L. holsatus 

presented a 97 % more of feeding activity than the treatment with only D. pugilator (Table 5; Figure 16). 

The feeding behaviour was also observed each day of experimentation (Annex III) but because of a very 

small number observations the statistical analysis including the random effect of tank was no possible.  

 

5.2.Feeding metabolism experiment 

The Figure 17 shows the changes of the metabolic rate during the experiment. While for L. holsatus the 

metabolic rate increased linearly after the ingestion, for D. pugilator the SDA curve was detected, with a 

peak in the oxygen consumption of 0.03 ± 0.01 (mg O2 Kg h-1± SD), 6 h after feeding, with a total duration 

of 9 h. 

                                           Week 1                                                       Week 2 

FIGURE 16. MEAN (±SE) PERCENTAGE OF INDIVIDUALS FEEDING PER TREATMENT, SPECIES AND TANK THE 30 MINUTES 

AFTER THE ADDITION OF THE DISCARD 
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Differences in the metabolic rate were detected depending on time and species. The results of the 

predictors included in the best fitted GAM, where the interaction between Time (T) and Species (Sp) is a 

predictor of the metabolic rate (MR). The interaction estimates the smoothed trend separately for Species 

and Time. Table 6 shows the significant predictors of the analysis, indicating that the best fitted model 

which explains a 14.7 % of the total variation. The predicted values of the best fitted model are shown in 

Figure 18.  

Testing the assumptions of the model, the qqplot shows that the residuals are not normally distributed, as 

a consequence a poor fit of the data was obtained with the model, supported by the low variation explained 

in the models (Table 6). To compensate this, a transformation of the data was tried, without improvements 

in the assumptions of the residuals. Another solution proposed was using non-parametric test but because 

of the small sample size and large confidence intervals the tests shown reduced sensitivity. 

   TABLE 6. COMPARISON OF MODELS FOR THE METABOLIC RATE USING ANOVA. 

Terms    Res. dev % Variation explained Res. df  F - Value p 

Null 0.024 0 109.00   

T 0.022 8.27 105.49 3.196 0.021 

T x Sp 0.020 14.7 104.42 7.41 0.007 
ABBREVIATIONS: RES. DEV: RESIDUAL DEVIATION; RES. DF: RESIDUAL DEGREES OF FREEDOM 

  

FIGURE 17. MEAN METABOLIC RATE CHANGE BY TIME AND SPECIES. THE ERROR BARS INDICATE THE STANDARD ERROR.  THE SOLID 

LINES THAT CUT THE X-AXIS INDICATED THE MOMENT WHEN THE SPECIES WERE FED. 
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5.3.Infauna experiment 

5.3.1. Discard effect of infauna 

 

FIGURE 18. GENERALIZED ADDITIVE MODEL OF THE CHANGE OF METABOLIC RATE ON TIME AND SPECIES. THE SOLID LINES 

DENOTE THE AVERAGES ESTIMATED AND THE DASHED LINES THE 95% CONFIDENCE INTERVALS. 

FIGURE 19. WHISKER PLOTS OF THE UNIVARIATE DATA FOR EACH TREATMENT (“CONTROL”, “DISCARD”, “DISCARD + P. 

BERNHARDUS”, “DISCARD + A. RUBENS”). THE BOX BOUNDS THE INTERQUARTILE RANGE (IQR) DIVIDED BY THE MEDIAN, AND 

TUKEY-STYLE WHISKERS EXTEND TO A MAXIMUM OF 1.5 × IQR BEYOND THE BOX. 
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The effect of discard (Di) on infaunal community structure was tested obtaining significant differences in 

community abundance for treatments within discards (Tr(Di)), with and without transformation applied 

(p = 0.0164 and p = 0.0122 respectively; Table 7). Also, significant differences in biomass for treatments 

within discards in transformed data were found (p = 0.042) No significant differences were found for 

univariate measures (N, SR and J’) (Figure 19). The annex IV includes a list of the species identified per 

treatment. 

The PERMDISP test was frequently significant (Table 7) indicating differences in dispersion distances to 

the centroids. The source of variability changed depending on the variable tested. The effects of the discard 

were not significant nor was the dispersion (both PERMANOVA and PERMDISP tests not significant). 

Significant differences in PERMANOVA and not in PERMDISP indicate an effect of the discard. In some 

cases both PERMANOVA and PERMDISP were significant indicating an effect of the discards and also 

on the dispersion of the data. In other cases when PERMANOVA was not significant but PERDISM was, 

the effect is suggested to be found only in the dispersion of the data. 

TABLE 7. MAIN PERMANOVA TEST RESULTS WITH FIXED FACTOR DISCARD (DI) AND RANDOM FACTOR TREATMENT (TR) NESTED 

IN DISCARD FOR THE MULTIVARIATE AND UNIVARIATE DATA. 

Data Transf. Res. PERMANOVA 

SS MS 

Pseudo-

F P(perm) Perms P(MC) 

PERMDISP 

Source df F p 

A - BC Di 1 5158.800 5158.800 1.235 0.497 4.000 0.348 7.023 0.023 

   Tr(Di) 2 8351.400 4175.700 2.205 0.011 9917.000 0.012 2.561 0.146 

   Resid 44 83323.000 1893.700             

A 4th root BC Di 1 3730.900 3730.900 1.134 0.510 4.000 0.410 12.109 0.004 

   Tr(Di) 2 6578.500 3289.200 2.281 0.011 9907.000 0.016 3.555 0.049 

   Resid 44 63451.000 1442.100             

B - BC Di 1 8283.300 8283.300 1.575 0.000 12.000 0.177 20.630 0.001 

   Tr(Di) 2 8934.400 4467.200 1.339 0.125 9903.000 0.146 3.928 0.035 
   Resid 32 106760.000 3336.400             

B 4th root BC Di 1 5096.500 5096.500 1.322 0.082 12.000 0.325 16.577 0.001 

   Tr(Di) 2 6409.300 3204.600 1.891 0.030 9925.000 0.042 2.819 0.101 

   Resid 32 54232.000 1694.800             

N - EU Di 1 706.670 706.670 5.182 0.257 4.000 0.154 1.299 0.335 

   Tr(Di) 2 272.720 136.360 1.646 0.208 9949.000 0.204 3.088 0.064 

   Resid 44 3645.100 82.843             

SR - E Di 1 1.236 1.236 3.947 0.251 4.000 0.184 8.915 0.004 

   Tr(Di) 2 0.626 0.313 0.669 0.512 9946.000 0.513 4.592 0.009 

   Resid 44 20.584 0.468             

J’ - E Di 1 0.102 0.102 12.113 0.251 4.000 0.070 8.996 0.028 

   Tr(Di) 2 0.017 0.008 0.094 0.916 9965.000 0.911 2.997 0.334 

   Resid 44 3.926 0.089             

TRANSF: TYPE OF TRANSFORMATION; RES: RESEMBLANCE MEASURE; BC: BRAY–CURTIS; E: EUCLIDEAN; DF: DEGREE OF 

FREEDOM; MS: MEANS OF SQUARES; PERMS: UNIQUE PERMUTATIONS; A: ABUNDANCE; B: BIOMASS; N: TOTAL INDIVIDUALS; SR: 

SPECIES RICHNESS; J’: SPECIES EVENNESS; DI: DISCARD; TR: TREATMENT; RESID: RESIDUALS. BOLD VALUES INDICATE P > 0.05. 

 

5.3.2. Location and treatment effect on infauna  

The results presented in the Table 8 show that there is significant variation of the community structure 

among location (Lo) and treatment (Tr), for both untransformed and transformed data. However, the 

interaction between the two factors (Lo x Tr) is not significant. In the case of the univariate measures 
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significant differences were found only for location. The PERMDISP analysis shown significant 

differences only for location of abundance (untransformed data) and species evenness.  

TABLE 8. MAIN PERMANOVA TEST RESULTS FOR TWO FIXED FACTORS: LOCATION (LO) AND TREATMENT (TR) FOR THE 

MULTIVARIATE AND UNIVARIATE DATA. 

Data Transf. Res. 
PERMANOVA 

SS MS Pseudo-F P(perm) 
Unique 

perms 

PERMDISP 

Source df F p 

A - BC Lo 2 10152.000 5075.900 2.662 0.003 9926.000 5.977 0.015 

   Tr 2 8351.400 4175.700 2.190 0.009 9925.000 1.325 0.414 

   Lo x Tr 4 8234.300 2058.600 1.080 0.356 9899.000 2.823 0.193 

   Res 27 51486.000 1906.900           

A 4th root BC Lo 2 7044.100 3522.100 2.202 0.020 9944.000 3.574 0.083 

   Tr 2 6578.500 3289.200 2.056 0.024 9910.000 0.412 0.753 

   Lo x Tr 4 6593.900 1648.500 1.030 0.435 9911.000 1.668 0.589 

   Res 27 43197.000 1599.900           

B - BC Lo 2 10812.000 5406.200 1.883 0.012 9915.000 0.568 0.645 

   Tr 2 11928.000 5963.800 2.077 0.005 9906.000 0.333 0.762 

   Lo x Tr 4 10612.000 2652.900 0.924 0.620 9859.000 1.118 0.737 

   Res 27 77518.000 2871.000           

B 4th root BC Lo 2 10812.000 5406.200 1.883 0.012 9915.000 0.263 0.804 

   Tr 2 11928.000 5963.800 2.077 0.005 9906.000 0.285 0.775 

   Lo x Tr 4 10612.000 2652.900 0.924 0.620 9859.000 0.814 0.800 

   Res 27 77518.000 2871.000           

N - EU Lo 2 990.890 495.440 10.650 0.001 9952.000 3.377 0.085 

   Tr 2 272.720 136.360 2.931 0.066 9952.000 3.411 0.082 

   Lo x Tr 4 4.000 209.280 52.319 1.125 0.364 1.454 0.578 

   Res 27 1256.000 46.519           

SR - EU Lo 2 7.897 3.949 11.798 0.000 9949.000 4.164 0.025 

   Tr 2 0.626 0.313 0.936 0.411 9958.000 0.286 0.793 

   Lo x Tr 4 2.161 0.540 1.614 0.198 9957.000 1.534 0.459 

   Res 27 9.036 0.335           

J’ - EU Lo 2 1.059 0.529 5.353 0.011 9953.000 18.569 0.000 

   Tr 2 0.017 0.008 0.085 0.914 9938.000 0.056 0.874 

   Lo x Tr 4 0.150 0.037 0.378 0.830 9957.000 8.347 0.003 

   Res 27 2.670 0.099      

ABBREVIATIONS. TRANSF: TYPE OF TRANSFORMATION; RES: RESEMBLANCE MEASURE; BC: BRAY–CURTIS; E: EUCLIDEAN; DF: 

DEGREE OF FREEDOM; MS: MEANS OF SQUARES; PERMS: UNIQUE PERMUTATIONS; A: ABUNDANCE; B: BIOMASS; N: TOTAL 

INDIVIDUALS; SR: SPECIES RICHNESS; J’: SPECIES EVENESS; DI: DISCARD; TR: TREATMENT; RESID: RESIDUALS. BOLD VALUES 

INDICATE P > 0.05. 

The pairwise PERMANOVA test (Table 10) showed that the community abundance of the location 

“Sediment” was always significantly higher and the treatments with scavengers were different than the 

control. SIMPER analysis (Table 9) showed that Oligochaeta, Bivalvia and with less importance 

Spiophanes occurred in higher densities in the location “Sediment” and at lower densities when P. 

bernhardus is present, causing the main differences in community structure.  
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TABLE 9. RESULTS FOR SIMPER ANALYSIS (60% CUT-OFF) FOR LOCATION AND TREATMENT.  

A) 

Location Average abundance Contribution (%) 

 “Fish” “Mix” “Sediment” 
“Fish” – “Sediment” 

Dissimilarity (%):71.91 

“Mix” – “Sediment” 

Dissimilarity (%): 55.51 

Oligochaeta 2.08 3.50 4.92 30.69 21.82 

Bivalvia 1.50 3.33 5.00 26.18 26.19 

Spiophanes 0.25 0.92 3.58 18.71 20.27 

B) 

Treatment Average abundance Contribution (%) 

 “Discard” 
“Discard+      

A. rubens” 

“Discard+             

P. bernhardus” 

“Discard” – “Discard + 

A. rubens” 

Dissimilarity(%):63.59 

“Discard” – “Discard +    

P. bernhardus” 

Dissimilarity(%):61.72 

Oligochaeta 5.08 2.75 2.67 30.31 34.42 

Bivalvia 2.83 4.83 2.17 24.55 24.91 

Spiophanes 0.83 3.25 0.67 16.95 9.02 
AVERAGE ABUNDANCE OF SPECIES THAT MORE CONTRIBUTE TO DISSIMILARITY. CONTRIBUTION (%) TO THE DISSIMILARITY 

BETWEEN PAIRS FOR TREATMENT AND LOCATION. 

 

In the pairwise analysis for transformed data, the community abundance was significantly higher for 

Location “Sediment” compared with Fish” and for treatment “Discard” compared with “Discard + P. 

bernhardus”. For untransformed biomass data, the treatment “Discard” had a higher biomass than the 

FIGURE 20. MEAN ABUNDANCE AND BIOMASS OF INFAUNAL SPECIES UNDER DIFFERENT TREATMENTS AND LOCATIONS. 
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treatment “Discard + P. bernhardus” (Figure 20; Table 8). For transformed data, significant results were 

found when the treatment “Discard” was present, presenting lower biomass the treatments with scavengers.  

Figure 21 shows that abundance and biomass are higher in the location “Sediment” than in “Fish”. 

Treatments with epibenthic scavenger have a lower abundance and biomass compared with the treatments 

where only discarded fish was present. Particularly, the abundance and biomass within the treatments 

where P. bernhardus was present was always significantly lower compared to the treatment where only 

discarded fish was present. 

 

FIGURE 21. WHISKER PLOTS OF THE UNIVARIATE DATA FOR EACH TREATMENT (“CONTROL”. “DISCARD”. “DISCARD + P. 

BERNHARDUS”. “DISCARD + A. RUBENS”) AND LOCATION (“FISH”. “MIX”. “SEDIMENT”). THE BOX BOUNDS THE INTERQUARTILE 

RANGE (IQR) DIVIDED BY THE MEDIAN. AND TUKEY-STYLE WHISKERS EXTEND TO A MAXIMUM OF 1.5 × IQR BEYOND THE BOX. 

Pairwise PERMANOVA tests revealed that the total number of individuals was higher in the location 

“Mix” than in “Fish” and in the location “Sediment” higher than in the other two. Figure 21 shows that 

the total number of species was higher further from the fish. The species richness had a similar pattern. 

However, it did not showed differences between the location “Mix” and “Sediment”. The species evenness 

only showed significant differences between “Mix” and “Fish”. 
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TABLE 10. PAIRWISE PERMANOVA TEST RESULTS WITH FACTORS TREATMENT (“DISCARD”. “DISCARD + P. BERNHARDUS” AND 

“DISCARD+ A. RUBENS”) AND LOCATION (“FISH”. “MIX”. “SEDIMENT”) FOR THE MULTIVARIATE AND UNIVARIATE DATA 

Data Transf. Res. Factor PERMANOVA df t P(perm) Perms 

Source 

A 

 

- BC Lo “Fish” – “Mix” 18 1.216 0.188 9939 

  “Fish” – “Sediment” 18 1.927 0.002 9947 

  “Mix”– “Sediment” 18 1.694 0.016 9948 

 Tr “Discard” – “Discard + A. rubens” 18 1.534 0.015 9926 

  “Discard” – “Discard + P. bernhardus” 18 1.477 0.039 9947 

  “Discard + P. bernhardus” – “Discard + P. bernhardus” 18 1.431 0.063 9943 

4th root BC Lo “Fish” – “Mix” 18 1.372 0.100 9940 

“Fish” – “Sediment” 18 1.731 0.014 9948 

“Mix” – “Sediment” 18 1.151 0.264 9957 

Tr “Discard” – “Discard + A. rubens” 18 1.251 0.160 9942 

“Discard” – “Discard + P. bernhardus” 18 1.568 0.047 9949 

“Discard + A. rubens” – “Discard + P. bernhardus” 18 1.472 0.071 9962 

 

 

B 

 

- BC Tr “Discard” – “Discard + A. rubens” 18 1.287 0.054 9914 

“Discard” – “Discard + P. bernhardus” 18 1.374 0.033 9926 

“Discard + P. bernhardus” – “Discard + P. bernhardus” 18 1.085 0.293 9937 

4th root BC Lo “Fish” – “Mix” 18 1.336 0.065 9918 

“Fish” – “Sediment” 18 1.681 0.002 9929 

“Mix” – “Sediment” 18 0.934 0.593 9922 

Tr “Discard” – “Discard + A. rubens” 18 1.474 0.010 9915 

“Discard” – “Discard + P. bernhardus” 18 1.666 0.006 9926 

“Discard + P. bernhardus” – “Discard + P. bernhardus” 18 1.164 0.200 9935 

N - EU Lo “Fish” – “Mix” 18 2.859 0.012 9797 

“Fish” – “Sediment” 18 4.325 0.000 9825 

“Mix” – “Sediment” 18 2.182 0.043 9712 

SR - EU Lo “Fish” – “Mix” 18 5.210 0.000 9830 

“Fish” – “Sediment” 18 3.497 0.002 9850 

“Mix” – “Sediment” 18 0.364 0.730 9851 

J’ - EU Lo “Fish” – “Mix” 18 2.986 0.008 9868 

“Fish” – “Sediment” 18 1.809 0.091 9809 

“Mix” – “Sediment” 18 1.632 0.084 9917 

TRANSF: TYPE OF TRANSFORMATION; RES: RESEMBLANCE MEASURE; BC: BRAY–CURTIS; E: EUCLIDEAN; DF: DEGREE OF 

FREEDOM; T: T- STATISTIC; PERMS: UNIQUE PERMUTATIONS; A: ABUNDANCE; B: BIOMASS; N: TOTAL INDIVIDUALS; SR: SPECIES 

RICHNESS; J’: SPECIES EVENNESS; LO: LOCATION; TR: TREATMENT. BOLD VALUES INDICATE P > 0.05. 
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6.  Discussion 

6.1.Consumption of discarded dab by epibenthic scavengers 

6.1.1. Interpretation of the findings 

The results suggest that L. holsatus consumed more discarded dab than D. pugilator, as no consumption 

by hermit crabs was detected. The lack of consumption by hermit crabs was supported by the density 

experiment, where even at high densities consumption was not significant. Hence, a competition effect 

between the two species was not detected. Additionally, the feeding activity of swimming crabs was higher 

than for hermit crabs.  

Consumption of discarded dab by hermit crabs was visually observed on the flesh of the fish, but statistical 

differences with the control treatment could not be established. The methodology used in the current 

research was able to detect only large differences in the consumption rate of the species. D. pugilator is a 

scavenger and carnivorous species that has been observed to feed of discards of bivalve dredge fisheries 

in natural conditions (Chícharo et al., 2002). But they also use alternative food sources such as infauna or 

animal or vegetal pieces of the water column (Gerlach, et al., 1976). Nevertheless, the results of this study 

indicated that the presence of D. pugilator do not contribute substantially to the decomposition of 

discarded dab.  

One possible explanation may be the difficulty of hermit crabs to penetrate fish skin as their chelae are 

small and not well adapted to cut. However, larger hermit crabs such as P. bernhardus are able to consume 

dead fish (Geldhof, 2016) and hermit crabs should be able to cut through the skin once the fish has 

decomposed slightly (Ramsay et al., 1997a). Another plausible solution is the small feeding rate of D. 

pugilator because their reduced total biomass. Even in the treatment of 15 D. pugilator, the total biomass 

(5.1 g) was smaller than the treatment with 5 L. holsatus (25.4 g). 

The present study confirms literature results, where swimming crabs have shown to significantly consume 

discards (e.g. Groenewold, 2000; Kaiser & Hiddink, 2007). Daily consumption by L. holsatus varied 

between 4% and 5% of their body mass when they have a continuous food source and was 2 times higher 

under starvation (Choy, 1986; Groenewold, 2000). In the presents study, the consumption of L holsatus 

was 72 % higher in the second week compared with the first one, which indicated that consumption was 

not higher following starvation. The period to detect starvation from consumption was long (one week) 

and interpretation should be cautious.  

Another hypothesized reason for the increased consumption during the second week of the experiment 

may be habituation, i.e. swimming crabs learn to handle the discard during the experiment. For example, 

C. maenas have significant decreases in capture time, presenting learning of the food location over 5 days 

of trial period (Roudez et al., 2008). Additionally, C. maenas have the capacity to learn predatory skills 

for specific prey types (Hughes & O'brien, 2001).  
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Tirelli el al. (2000) reported that L. depurator may prey on D. pugilator. In the current investigation, 

sporadic attacks between the two species were observed, but never ended in predation mortality. This 

study did not detected a competition effect between D. pugilator and L. holsatus either on the consumption 

of discards or in the feeding activity. Analysis of L. holsatus foreguts in the Gower Peninsula in the Celtic 

sea, shows that crustaceans make up 49.5% of their diet, being an 80 % of its Natantian decapods, mainly 

Crangon spp. The 25% of its diet consists of molluscs and the rest of their food source is composed of 

fish, polychaetes, algae and hydroids (Choy, 1986). Thus, feeding on crustaceans such as hermit crabs 

would be expected, unless more profitable food sources (such as discards) are available (Sih & Christensen, 

2001).  

The lack of competition between species can be deducted from the optimal diet theory. Scavengers 

preferably feed on prey that yield more energy per unit handling time. As such, lower value prey are 

dropped from the diet when the abundance of higher value prey increases (Sih & Christensen, 2001). For 

example, shore crabs under starvation prefer to feed on small mussels rather than larger mussels with more 

profitable flesh. The energetic benefit of opening larger mussels was not high enough to overcome the 

cost of risk of claw damage (Smallegange et al., 2008). The current study suggests that for L. holsatus it 

was more profitable to feed on the discarded dab than predate on D. pugilator. 

Another reason why there is no competition between the two species is because the lack of consumption 

by hermit crabs. Also the fact that they were collected in different location could play a role in the lack of 

interaction between the species. While L. holsatus was collected at 30-40 m depth and D. pugilator in the 

intertidal zone, the lack of habituated interactions may have caused limited interactions at first, but 

handling times and profitability of a predator on the prey could have improved attack efficiencies through 

practice (Cunningham & Hughes, 1984) and is thus unlikely as a cause of limited interactions.  

Previous studies have found that the intensity of competition increases with an increasing number of 

hermit crabs (P. bernhardus) and decreasing size of the food source. In cases of intense competition, small 

P. bernhardus may switch from scavenging to deposit or filter feeding (Ramsay et al., 1997b). The 

different conclusion found in the studies may be because of the different densities used: in this study the 

treatment with the highest density had 38 individual per m2, whereas this was 385 individuals per m2 in 

Ramsay et al. 1997b). In both cases, densities are higher than in the natural habitat. However, in natural 

habitats aggregation of scavengers occurs around the discards (Ramsay et al., 1997a; Kaiser & Hiddink, 

2007) and the level of aggregation will depend on different factor such as physical characteristics of the 

site, bait type, species interaction and degree of damage of the prey (Jenkins et al., 2004).  

6.1.2. Methodological considerations 

In future experiments, the independence of starved and non-starved treatment should be ensured. Also, 

daily measurements of the consumption would give more accurate idea about the starvation effect and the 

learning behaviour, but could logistically not be established given the limited number of available 
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independent tanks. In this study, the same individuals were used for the first and the second week because 

of the lack of additional individuals and daily measurements of the consumption were not taken because 

of the interest of simulating also the decay of the discarded dab.  

The methodology used to weight the discards had a reduced accuracy because of differences in the 

absorption of water for different dab individuals. After one week of experimentation the weight of the 

discard increased because of water absorption (Groenewold, 2000) and the individual differences in water 

content were included in the weight of the sample. As a solution, the measurements of the ash-free dry 

weight of the discarded fish should be carried out to eliminated  

The decay and the manipulation of the discard by the scavengers increase the surface area of the discards, 

increasing the decomposition (Aller, 1994). In consequence, the discarded dab released small particle to 

the water column and to the sediment that were not included on the weight of the discard after one week 

of treatment. 

Other factors that affect the change in weight of the discarded dab apart for the consumption by scavengers 

and water absorption, are temperature and microbial activity. During the experimentation, the appearance 

of a biofilm on the surface of the dead dab was observed as reported before (Iniesto et al. 2015). Also 

temperature plays an important role in the decay of the dead fish, because it regulates the rate of 

biogeochemical processes, generally chemical reaction rates increase when the temperature increase. In 

consequence, temperate environments have higher degradation rates (Arndt et al., 2013). Groenewold 

(2000) observed that fish carrion needed more than 18 day to completely decay at 5 ºC, the while 

decomposition was complete after 8 days at 15 ºC. In our experiment the decomposition rates may be 

compared with the higher temperatures of the experiment of Groenewold (2000) the temperature range 

varied between 10.5 and 14.5ºC. 

 

6.2. Feeding metabolism  

D. pugilator and L. holsatus show different SDA as consequence of the ingestion of a meal. To our 

knowledge, this study was the first to estimate the time to peak in postprandial metabolism for a hermit 

crab species. The metabolism of D. pugilator peaked at 6 hours. The typical postprandial metabolic profile 

of metabolic rate could not be established for L. holsatus. Its metabolic rate increased only incrementally 

small over time, and did not return to the pre-feeding levels within 30 hours.  

By and large, our study found species-specific differences, but a wide range of other factors also affect 

the characteristics of the SDA response, such as meal size, composition of the meal, activity and 

environmental factors (Whiteley et al. 2001). In ectotherms, the peak of SDA values are two to four times 

higher than the pre-feeding standard rates. However, the duration can vary considerably (Peck, 1998). 

McGaw & Curtis (2013) compared six species maintained at the same temperatures and fed with the same 
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type of food. The time to reach a peak in consumption was smallest for Gallinectes sapidus and largest 

for Procambarus clarki, demonstrating species-specific responses (McGaw & Curtis, 2013).   

Body size also influences the characteristics of the SDA. Increases in body size generally correspond to 

an increasing in metabolic rate, SDA duration and SDA peak, but the influence of body size is more 

variable compared with other factors such as meal size (Pirozzi & Booth 2009). In our experiment the 

basal metabolic rate between the two species was very similar, thus differences because of the body size 

could not be probed. Future experiments testing the effect of the body size on the same species should be 

carried out in order to answer the effect of the body size in the species of the study. 

In the next paragraph, we discuss possible explanations for the lack of a peak and subsequent attenuation 

in the SDA of L. holstatus. First, the experimental temperature (13.35 ± 0.24 ºC) may have had a major 

contribution to the SDA response. In ectotherm animals, temperature has a direct multiplicative influence 

on metabolic rate (Briffa et al., 2013). In consequence, temperature affects rising the peak in oxygen 

consumption after feeding, also it can change the time and magnitude of the response (Whiteley et al. 

2001). In C. maenas, the rise factor of the SDA was significantly lower (1.9) at 7 ºC than at 15 ºC (3.1), 

probably because of protein synthesis inhibition. The reasoning mentioned in the previous sentence leads 

to the conclusion that time to peak and SDA response are inversely related with temperature (Robertson 

et al. 2002). The effect of temperature in our study is, however, not a probable factor for the lack of typical 

SDA response. The temperature in the experiment was relatively similar to the temperatures found in their 

natural environment. 

A second important factor that influences the SDA response is the meal composition. In the present study, 

a homogeneous meal was created to ensure that all the individuals received a comparable calorical content, 

a requirement for inter- and intraspecific comparisons (Secor, 2009).  

Third, the most important factor that manage the SDA is the meal size (McGaw & Curtis, 2013). In the 

present experiment, when the meal was submerged, it absorbed water and small particles were released to 

the water column, making the measurement of the consumption of the animals not accurate enough. To 

overcome this problem, the feeding time was standardized to 30 min and only the individuals that fed 

were considered for the analysis. However, because of the differences in size between the two species, the 

larger species might need more time to arrive to the satiation point. In crustaceans, a meal consisting of 

2-4 % of their body mass is considered as satiating (Robertson et al. 2002), and a difference of the meal 

from 0.5% to 3% of their body mass should represent a substantial change in the meal size that involves 

up-regulation of tissues and stress responses in the metabolism. A meal size close to the upper feeding 

limits (3 % body mass) are necessary before changes are evident (McGaw & Curtis, 2013). More energy 

is necessary to process a larger meal (Secor, 2009). Suggesting that in the present study, maybe a 

substantial increase in L. holsatus was not detected as a consequence of the small meal size. 
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A fourth explanation of the limited response of L. holsatus may be due to the homogenization of the meal. 

A considerable amount of energy is required when handling and mechanical digesting food (29.7 %) over 

the 70% that is used in post absorptive processes. The SDA of C. maenas that consumes a fish paste is 

35% lower compared with whole pieces of fish (McGaw & Van Leeuwen, 2017). 

At last, two additional factors may have influenced the oxygen measurements: (i) stress and (ii) circadian 

rhythm. The main stress factors during the measurements were a possible experimenter effect and hypoxia. 

The experimenter effect was reduced by covering the cores to avoid disturbance of the organisms by the 

experimenter. Additionally, sand was provided as a natural substratum. Stress due to hypoxic conditions 

was reduced by flushing the cores sufficiently and mixing the water content. Sufficient flushing and 

mixing times are critical for accurate measurements on unstressed animals (Svendsen et al., 2016). 

Circadian rhythms also may affects a species’ metabolism. C. maenas, for example, displayed circatidal 

modulations of the heart rate, and thus respiration rates. Oxygen consumption is not only affected by the 

locomotor behaviour, but also by an endogenous clock (Aagaard et al., 1995). To diminish the effect of 

an endogenous rhythm, light conditions were kept constant during the duration of the experiment. 

In future experiments some improvements can be done. It is necessary to increase the sample size of D. 

pugilator to have better description of their SDA. As mentioned above, it is important to have an accurate 

measurement of the meal size to make comparisons. Also, an increment in the feeding time for L. holsatus 

maybe would have produce an underlined response of the SDA. Providing a meal that has to be handled 

instead of a homogeneous paste who have simulated the oxygen demand of mechanical digestion, which 

is more similar to what they find in nature.  

6.3. Infauna 

Our study shows that the interaction between treatment (presence of scavengers) and discard have an 

effect in the horizontal and vertical distribution of infauna. The main effects of discards are at community 

structure level, as differences have only been found in multivariate analysis. Statistical differences were 

found for both, abundant and rare species using abundance as a metric, but were only apparent for rare 

species when using biomass. This indicates that a few large individuals had a strong effect on the biomass 

results. 

While a location and treatment effect was found at a multivariate community level, univariate community 

descriptors (total individuals, species richness and species evenness) only exhibited a significant effect 

from location. The scavengers have an effect on the community structure and discard can cause a 

displacement of infauna.  

The presence of epibenthic scavengers affected the distribution of infauna. The abundance and biomass 

of the infauna in the experiment was particularly lower in the treatments with P. bernhardus compared to 

the control treatments with only discarded fish. Indeed, hermit crabs may have used the infaunal organisms 

as an alternative food source, as their natural food sources vary from small bivalves, echinoderms, 
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crustaceans, polychaetes, to pieces of animals and plants. Additionally, they are filter feeders, being able 

to feed on plankton (Gerlach, et al., 1976). Their wide niche breadth and flexibility in choosing food 

provides them the ability to cope well with changing food availability in unpredictable environments (Ster, 

1988). 

There were also indications of predation by A. rubens on the infauna, although not as clear as for P. 

bernhardus. Significant differences were only found in community abundance and in biomass of rare 

species. Starfish are able to unearth prey in soft bottoms by the use of their tube feed, which allows 

predation on infaunal benthos, like buried bivalves. However, they are more selective than hermit crabs, 

preying preferably on bivalves, which may explain a less substantial response than in hermit crabs (Allen, 

1983).  

Displacement of the infauna occurred as a consequence of the anoxic layer under the dead, discarded fish 

as was clear from the higher community abundance, biomass, total individuals and species richness further 

away from the discard rather than under it. The taxa that were mainly responsible for this response were 

Oligochaeta, Bivalvia and Spiophanes spp. A change normal oxygen conditions to hypoxia results in the 

migration of mobile invertebrates, mortality of less mobile taxa and emergence and enhancing of infaunal 

activities of the most hypoxia tolerant taxa (Middelburg & Levin, 2009). Franco et al. (2008) demonstrated 

the effect of a dead ‘discarded’ shrimp on the vertical distribution in nematode communities. The 

Chromadora/Ptycholaimellus group, normally dominant at the surface layer, migrated deeper to escape 

toxic conditions, while Sabatieria spp., a genus that is tolerant to oxygen stress, moved towards the 

unoccupied niche (Franco et al., 2008). Also the decomposition of jellyfish blooms has caused a decreased 

occurrence of some taxa, like capitellid polychaetes, because they die or migrate (Chelsky et al., 2016). 

In the latter study, only Nassarius burchardi was attracted to consume the jellyfish carrion. 

Mortality of benthic fauna due to hypoxia depends on its severity and duration. Small macrofauna and 

meiofauna can persist to hypoxic situations, because they are opportunistic and have a short generation 

time (Diaz & Rosenberg, 1995). Thus, the generation time of the species may be relevant in the resilience 

capacity of the ecosystem after a disturbation. In an estuarine mudflat, the total macrobentos density was 

restored in 42 days after defaunation (Van Colen, 2008).   

The duration of the hypoxia under the discard will depend on the advection through hydrodynamic forces 

in permeable sand (Braeckman et al., 2013). Hypoxia as a consequence of discarded fishes may locally 

occur in patches in low-energy environments, but is unlikely in highly dynamic environments (Chelsky et 

al., 2016). The Belgian part of the North Sea is a well-mixed, highly energetic hydrodynamic environment 

(Fettweis & Van den Eynde, 2003), which reduces the probability of finding anoxic patches on sea floor. 

Additionally, it is important to consider that the discards can be preyed by the scavengers, within hours 

(Groenewold, 2000), reducing even more the likelihood to generate hypoxia.  
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6.4. Contribution to the assessment of the discard ban implications on the ecosystem 

The results of the present research contribute to filling the knowledge gap in the role that epibenthic 

scavenging species play in decomposing dead discarded fish. Differences in the consumption rate and 

metabolism of two epibenthic scavengers (D. pugilator and L. holsatus) were detected. The impact of a 

discarded fish on infaunal communities in the presence of two epibenthic scavenging species was also 

elucidated. The experiments were conducted in controlled laboratory conditions with a limited number of 

competitors and predators (e.g. deprived from fish predators) and only one dead fish instead of in natural 

populations in realistic environmental and fishery conditions. Here, the findings of this study are discussed 

to better understand the implications of the discard ban on benthic communities. 

The experimental tanks were a “closed system”, but in nature changes in prey density or a broader food 

choice may exist favoring other feeding regimes (Allen, 1983). Also, in the experiment, the discarded 

plaice or dab was in the tank during one week, while in field a dead fish can be consumed within a few 

days (Groenewold, 2000). However, it is reasonable to expect that in areas dominated by the species used 

in this study, similar responses would occur (Allen, 1983), L. holsatus would prefer to feed on dead fish 

than to predate on D. pugilator. 

The relative importance of discards on the diet of two key epibenthic scavengers of the North Sea, has 

been clarified. Our results suggest that the discard ban will have a larger effect on L. holsatus populations, 

since they consume discards at much larger rate than D. pugilator. D. pugilator did not consume discards, 

even at high densities and may thus profit only limitedly from discards. The lack of consumption by D. 

pugilator is contrasted by the clear SDA response curve of D. pugilator in the feeding metabolism 

experiment. D. pugilator can utilize the discards and consume them, however their dependence on them 

seems unlikely. The infaunal experiment exacerbates the small contribution of discards to the diet of 

hermit crabs, as hermit crabs (P. bernhardus) also fed extensively on infaunal prey. The combination of 

these results suggests that despite a scavengers’ ability to directly feed on discards, such as D. pugilator, 

the contribution of discards to their diet as a significant food source will be less than may be the case for 

larger species like L. holsatus. As discards create shortcuts in trophic relationships, it must be clear that 

the improved productivity from them will only be relevant to the most efficient (larger) scavengers (Heath 

et al., 2014). 

Evaluating the impacts of discards impacts on benthic populations should be counterbalanced with other 

beam-trawling impacts. The impacts of trawling on benthic organisms and habitats are widely studied 

(Van Denderen et al., 2015). Demersal fisheries modify communities in stable sediments, through 

repeated physical disturbances of the gears, causing long-term changes in the benthic community structure 

of the habitats (Halpern et al., 2008; Morato, et al., 2016). Bottom trawls generally reduce large-bodied 

fragile benthic organisms by damaging and killing organisms in the tow path and in the catch (Kaiser et 

al., 2006). A population shift as a consequence of trawling impacts is less pronounced in habitats with 

high natural disturbance (Van Denderen et al., 2015). Also an effect on benthos has been detected along 
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trawled areas. After the disturbance occur, predators that feed on damaged bivalves, echinoderms, 

crustaceans, whelks and polychaetes aggregate around the trawl path, but this response vary between 

species and habitats type (Ramsay et al., 1998). 

Different studies have given different relevance of the discards on the energetic requirements of benthic 

scavengers. From a 1-3 % in the southern North Sea (Groenewold & Fonds, 2000), a 7 % in the Bay of 

Biscay (Kaiser & Hiddink, 2007) up to a 37 % of the energetics requirements of the scavengers during the 

fishing season in another study in the North Sea (Catchpole et al., 2006). Depestele et al. (2016) suggested 

that the significance of discards to benthic productivity varies by location and the scale at which the fishery 

operates, e.g. highly localized in Catchpole et al. (2006).  

After the discard ban, the migration or mortality of infauna as a consequence of the discards patches would 

be less frequent. But it is also important to consider the indirect effects of the removal of organic matter 

as consequence of the landing obligation may have a negative effect on infauna as it lead to an overall 

impoverished food web (Bellido et al., 2011).  

From these interpretations may be expected that a discard ban will not greatly affect infaunal communities 

and may only affect a few major scavenging epibenthic invertebrates like L. holsatus, but certainly not all 

species, e.g. D. pugilator. Of course, extrapolation of our laboratory studies to large-scale regional effects 

require immense caution and depends many more aspects outside the remit of this study (e.g. fishing-

induced mortalities, other food sources).  
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9. Annexes 

Annex I 
 

 

FIGURE I. REGRESSION CURVE (N =35) USED AS AN ESTIMATION OF THE WET WEIGHT WITHOUT SHELL OF D. PUGILATOR. THE BLUE DOTS 

REPRESENT THE OBTAINED VALUES AND THE RED LINE THE MODELED CURVE. 
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Annex II 
TABLE A. PAIRWISE COMPARISON FOR THE INTERSPECIFIC COMPETITION EFFECT ON THE DECOMPOSITION OF DISCARDED 

DAB FOLLOWING THE TUKEY METHOD 

 Contrast Estimate SE Z-ratio P-value 

Week 1 

Control - D. pugilator -3.376 5.426 -0.622 0.925 

Control - D. pugilator + L. holsatus 22.836 5.426 4.208 <.0002 

Control - L. holsatus 29.782 5.426 5.488 <.0001 

D. pugilator - D. pugilator + L.holsatus 26.212 5.426 4.830 <.0001 

D. pugilator - L. holsatus 33.158 5.426 6.110 <.0001 

D. pugilator + L. holsatus - L. holsatus 6.946 5.426 1.280 0.575 

Week 2 

Control - D. pugilator -3.376 5.426 -0.622 0.925 

Control - D. pugilator + L. holsatus 22.836 5.426 4.208 0.0002 

Control - L. holsatus 29.782 5.426 5.488 <.0001 

D. pugilator - D. pugilator + L.holsatus 26.212 5.426 4.830 <.0001 

D. pugilator - L. holsatus 33.158 5.426 6.110 <.0001 

D. pugilator + L. holsatus - L. holsatus 6.946 5.426 1.280 0.575 

 

TABLE B. PAIRWISE COMPARISON FOR THE INTERSPECIFIC COMPETITION EFFECT ON THE DECOMPOSITION OF DISCARDED 

DAB BY BIOMASS FOLLOWING THE TUKEY METHOD 

Contrast Estimate SE Z-ratio P - value 

 D. pugilator - D. pugilator + L. holsatus 25.211 4.414 5.711 <.0001 

 D. pugilator + L. holsatus - L. holsatus -3.025 4.414 -0.685 0.772 

D. pugilator - L. holsatus 22.186 4.414 5.026 <.0001 
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Annex III 

 

 

 

  

                                 Week 1                                                             Week 2 

FIGURE III MEAN (±SE) PERCENTAGE OF INDIVIDUALS FEEDING PER TREATMENT, SPECIES DURING THE DAYS OF 

EXPERIMENTATION 



 

52 
 

Annex IV 
TABLE C. ABUNDANCE AND BIOMASS INFAUNAL SPECIES IDENTIFIED PER TREATMENT 

Species Treatment Total  Total biomass 

Abra "Control" 1 0,81 

 "Discards" 3 0,25042 

 "Pagurus bernhardus" 1 0,27145 

  "Asterias rubens" 6 0,28378 

Bivalvia "Control" 50 0,031536 

 "Discards" 9 0,010635 

 "Pagurus bernhardus" 2 0,0238 

  "Asterias rubens" 1 0,00001 

Capitella "Control" 5 0,01851 

 "Discards" 9 0,01835 

  "Asterias rubens" 6 0,00837 

Capitellidae "Control" 3 0,01639 

 "Discards" 3 0,540674 

  "Asterias rubens" 5 0,00796 

Cirratulidae "Control" 5 0,02506 

 "Discards" 6 0,03253 

 "Pagurus bernhardus" 6 0,00122 

  "Asterias rubens" 10 0,00768 

Echinocardium "Asterias rubens" 1 0,2084 

Eteone "Asterias rubens" 1 0,0022 

Glycera "Control" 2 0,09946 

 "Discards" 1 0,02507 

 "Pagurus bernhardus" 3 0,15648 

  "Asterias rubens" 2 0,13881 

Heteromastus "Control" 1 0,00218 

Isopoda "Pagurus bernhardus" 1 0,00295 

Kurtiella "Control" 24 0,035483 

 "Discards" 17 0,05673 

 "Pagurus bernhardus" 18 0,01243 

  "Asterias rubens" 45 0,04978 

Lanice "Pagurus bernhardus" 2 0,00494 

  "Asterias rubens" 1 0,00318 

Magelona "Pagurus bernhardus" 6 0,0138 

  "Asterias rubens" 1 0,00104 

Mediomastus "Discards" 8 0,02805 

 "Pagurus bernhardus" 2 0,00246 

  "Asterias rubens" 2 0,0014 

Mytilus "Control" 3 0,001632 

 "Pagurus bernhardus" 7 0,0018 
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  "Asterias rubens" 13 0,008108 

Nemertea "Control" 1 0,030243 

 "Discards" 1 0,014368 

 "Pagurus bernhardus" 1 0,00336 

  "Asterias rubens" 1 0,00052 

Nephtyidae "Asterias rubens" 2 0,00124 

Nephtys "Control" 12 0,04107 

 "Discards" 9 0,66619 

 "Pagurus bernhardus" 3 0,00719 

  "Asterias rubens" 6 0,00167 

Nereis "Discards" 1 0,0058 

Notomastus "Control" 1 0,01548 

 "Discards" 2 0,01437 

 "Pagurus bernhardus" 2 0,02444 

  "Asterias rubens" 4 0,03983 

Oligochaeta "Control" 111 0,021382 

 "Discards" 87 0,015088 

 "Pagurus bernhardus" 35 0,00286 

  "Asterias rubens" 49 0,00523 

Ostracoda "Control" 13 0,005655 

 "Discards" 9 0,003915 

 "Pagurus bernhardus" 2 0,00087 

  "Asterias rubens" 1 0,000435 

Owenia "Control" 1 0,00603 

Pariambo "Discards" 1 0,00227 

Polichaeta "Control" 1 0,00231 

Pygospio "Asterias rubens" 2 0,00035 

Scoloplos "Control" 4 0,02219 

 "Discards" 1 0,00003 

  "Asterias rubens" 1 0,00001 

Spiophanes "Control" 31 0,09708 

 "Discards" 14 0,04422 

 "Pagurus bernhardus" 13 0,00885 

  "Asterias rubens" 41 0,02434 

Tellimya "Control" 12 0,036286 

 "Discards" 11 0,08641 

 "Pagurus bernhardus" 8 0,00269 

  "Asterias rubens" 19 0,0077 

Tellina "Control" 7 0,09063 

 "Discards" 6 0,0438 

 "Pagurus bernhardus" 7 0,13011 

  "Asterias rubens" 6 0,0283 



 

 

 


