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Abstract:

Within coastal nurseries, the distribution of juvenile flatfish may depend on small-scale habitat variability.
The presence of ecosystem engineers is known to have important impacts in coastal sediments. Lanice
conchilega is a well-known marine ecosystem engineer of shallow soft bottom ecosystems, shaping the
macrobenthic community and attracting flatfish. The present study examines the relation between juvenile
flatfish and L. conchilega reefs through two experiments. In a field experiment in the Dutch part of the North
Sea, the benthic habitat is evaluated by comparing relative differences in numbers of juvenile flatfish
between ecosystem engineered habitats and adjacent bare sand (i.e. non-ecosystem engineered) habitats.
The hypothetical shelter seeking behaviour was further examined using stomach content analyses. Results
show that juvenile plaice Pleuronectes platessa was the dominant species within the tube worm habitat and
the species selects specifically for this biogenic habitat. This selection was explained as feeding behaviour.
In a complementary laboratory study, food was excluded and the shelter function of the ecosystem
engineered habitat was investigated. This experiment quantifies the selection for this habitat by juveniles of
the common sole Solea solea. Results from the flume experiment, manipulating the number of tube worms,
show that distribution of sole was not random when current velocities are high. The selected habitat is the
one with low density tube worm aggregations. Overall, we conclude that structuring benthos plays an
important role for juvenile flatfish, both as refuge and as feeding ground.

Highlights

» We test why juvenile flatfish use biogenic habitats. » Flume tank results show that young flatfish can use
tube worm reefs as shelter. » Stomach content of plaice show that juveniles use biogenic habitats to feed.
» Tube worm structures of Lanice conchilega serve as shelter and feeding ground.
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1. Introduction

Structurally complex benthic habitats may play an important role in the ecology and
population dynamics of juvenile flatfish species (Pappal, 2006). These systems are heavily
used by a variety of taxa, as a consequence of food availability, shelter or simply changing
hydrodynamics.

Habitat complexity is the result of different processes. Ecosystem engineers can exert a
strong influence on ecosystem properties because of their functional characteristics and this
influence exceeds normal expected levels with respect to their mere relative abundance
(Hooper et al., 2005). The ecosystem engineers build biogenic structures that add complexity
to the habitat. Through these structures, ecosystem engineers modify the hydrodynamic flow
regime near the sea floor (Eckman et al., 1981) with significant effects on processes like
sedimentation and erosion, food availability driven by hydrodynamic forces and the
recruitment, and growth and survival of larvae and/or juveniles (Koenig et al., 2000; Turner et
al., 1999).

Animal tubes can cause sediment stabilization as a consequence of several factors (Eckman
et al., 1981). By decreasing the water velocity and deflecting the earlier laminar flow around
the assemblages, tube worms change the hydrodynamic flow near the sea floor. Flow
alterations may have important ecological consequence on sedimentation, food availability,
larval and juvenile recruitment, growth and survival. Increased abundances of associated
fauna can not only be attributed to enhanced food availability but also to the provision of
shelter from larger predators.

The tube building polychaete Lanice conchilega is a dominant ecosystem engineer in coastal
marine areas (Rabaut et al., 2007; Van Hoey et al., 2008). The species tends to aggregate in
high density patches, with specific biological, physical and temporal features (Rabaut et al.,
2009). For the macrobenthic community, the habitat modifying capacity of L. conchilega has
been suggested to lie in the creation and regulation of safe havens for species, in influencing
the interactions between local species and in changing the physical environment (Rabaut et
al., 2007; Van Hoey et al., 2008). Patches of high abundance of the species not only attract
the aulophora larvae but also hydrodynamically trap sediment (Dittmann, 1999, Eckman,
1983, Heuers et al., 1998). It results in the occurrence of gentle mounds and shallow
depressions (Carey, 1987, Féral, 1989, Hartmann-Schroder, 1996, Hertweck, 1995, Zihlke,
2001). Modelling studies suggest that high flow velocities lead to a continuous growth of
patches while a mosaic of patches originates at intermediate flow velocities (Heuers et al.,
1998). Therefore, the species has been described as an important ecosystem engineer. Its
effect on benthic biodiversity has been extensively described (Callaway, 2006; Carey, 1987;
Dittmann, 1999; Féral, 1989; Rabaut et al., 2007; Van Hoey, 2006; Zihlke et al., 1998). It
was already shown that post-larval Pleuronectes platessa selects for this habitat in intertidal
areas, (Rabaut et al., 2010) however, it is not clear whether this habitat plays a role in the
distribution and ecology of juvenile flatfish in subtidal areas.

Effects on habitat selection of flatfish are thought to be mainly related to food availability
(Beyst et al., 1999; Phelan et al., 2001; Wouters and Cabral, 2009) and therefore the
attractiveness of the habitat lies mainly in the increased availability of high quality food items
(i.e. larger preys). The shelter function the L. conchilega habitat is providing is of potential
importance for juvenile flatfish as predation is a major cause of mortality during the early live
stages of fishes (Lemke and Ryer, 2006). The demonstrated influence of in situ reefs on
juvenile flatfish does, however, not elucidate the extent to which the attraction is due to
increased feeding possibilities or to the reefs functioning as a refuge.



In the present study the selection by flatfish of small scale subtidal habitats formed by tube
worm aggregations is tested. Two different flatfish species are used: Plaice (Pleuronectes
platessa) and Sole (Solea solea). Pleuronectes platessa is a visual feeder, which mostly
takes slow-moving food living on the bottom, but they also feed on active crustaceans. Solea
solea, on the other hand, is a nocturnal and olfactrorial feeder with a poorly developed vision
which feeds on sessile or barely mobile organisms (Beyst et al., 1999; De Groot, 1971). The
size of the mouth, oesophagus and stomach determines the size of the animals that can be
ingested. Pleuronectes platessa and S. solea have a relatively small mouth and are
restricted to the consumption of small-sized prey (Beyst et al., 1999). The diet of both
species is therefore quite similar: mostly dominated by polychaetes and, depending on the
area, possibly complemented by siphons of the bivalve Spisula spp. (Rijnsdorp &
Vingerhoed, 2001).

Present study tests the selection by flatfish of small scale subtidal habitats formed by tube
worm aggregations. A first hypothesis is that prey availability determines juvenile flatfish
densities: field observations test the feeding behavior of P. platessa inside and outside the
structured habitat through gut content analyses (i.e. focus on prey availability as an
explanatory factor). The second hypothesis is that structural habitat components are
important in determining fish density: laboratory flume tank experiments expose juvenile S.
solea to different densities of artificial worm tubes at two different current velocities to test the
shelter function (excluding food effects).

2. Methodology

2.1. Field sampling and treatment

The research area was located in the Dutch part of the North Sea in sub-littoral areas
(54°00"N, 7°50°E, just outside the Wadden Sea). Two habitats were identified based on
differences in density of L. conchilega in 50 Van Veen grab samples. Only high density
samples were qualified as an ecosystem engineered habitat (Rabaut et al., 2009; Rabaut et
al., 2007). The densities of the ecosystem engineer in the different habitats (ecosystem
engineered habitat versus non-ecosystem engineered habitat) were investigated for each
area and prior to further analysis; more that 150 ind.m™ were considered as high density
presence while less than 20 ind.m? as low density. Differences between habitats were tested
in generalized linear models with habitat as a fixed factor and the ecosystem engineer
densities as the response variable. The habitats coincided with the areas adjacent to
Ameland Island (ecosystem engineered habitat) and Schiermonnikoog island (non-
ecosystem engineered habitat). The sampling design of two very similar adjacent areas is
important to be able to test the correlation with flatfish densities. This approach will provide
insight on this appropriate level and extrapolation to larger scales may be difficult (as to avoid
using the samples as pseudoreplicates). Flatfish sampling was done at a depth of ca. 6 m
with @ 2 m beam trawl deployed form the RV WR76 Herman Simon". Three tracks were
taken in each habitat. Length of each track was approximately 500m, track lengths were
measured in situ and fish densities were recalculated to individuals per 100 m2. Fish were
identified, counted and measured on board. Flatfish densities were compared between
habitats. Differences were calculated using a generalized linear model in which the fixed
factors habitat, age and their interaction effect were related to the flatfish densities (SAS
software, proc genmod procedure). The response variables are count data (integers), so the
residual error structure follows a Poisson distribution with the variance multiplied by an
overdispersion parameter. Because the predictor and the mean response are not linearly
related to each other, the relationship was specified by a log link function. The fixed effects
structure was reduced in a backward stepwise manner (McCulloch, 2001).



In the field, flatfish was anaesthetized in a benzocaine (ethyl amino-4-benzoate) solution to
prevent regurgitation of the stomach contents and preserved in an 8% buffered formalin
solution. Flatfishes were divided in two age classes: age class 0, containing individuals
between 5 and 9 cm and age class 1 containing individuals between 9.1 and 13 cm (Amara
et al., 2001; Beyst et al., 1999). For age class 0, no individuals smaller than 5 cm were
subjected to analysis as these small individuals mainly fed on meiobenthos, while larger
individuals shift to macrobenthos (Aarnio et al., 1996). Pleuronectes platessa was the most
abundant species for which enough individuals were available to do the analyses. Other
flatfish species such as Limanda limanda and Solea solea were caught in low densities. In
the laboratory, ten P. platessa individuals, per age class and in each habitat were selected
for further stomach analyses. All prey items in the stomachs were counted and identified to
the lowest possible taxonomic level (further referred to as species). The biomass (mg AFDW)
of each prey item present in the stomach as well as the flatfish biomass was measured.

The relative importance of prey in the diet (i.e. stomach content) was expressed as percent
of numerical abundance (N%), weight (G%), and fullness (FI%). These percentages express
the overall numerical and gravimetric importance of a stomach in a group of samples. N%
and G% were calculated on non empty stomachs (Frid et al., 1999), while FI% was
calculated on all stomachs (including empty). Feeding activity was evaluated by the vacuity
index (V%). These percentages were calculated for groups of samples as follows:

N% = (Number of food items in a stomach / Total number of food items in group) x 100

G% = (Total biomass in a stomach) / (Total biomass in group) x 100

F1% = (AFDW of stomach content) / (AFDW of fish) x 100

V% = (Number of empty stomachs in group / Total number of analyzed stomachs in group) x
100

To analyze more in detail, diet composition, numerical, gravimetric percentages and the
frequency of occurrence (FO%) were further calculated per species within each sampling
group. These percentages express the numerical and gravimetric importance on one species
within one stomach. Calculations are as follows:

Ni% = (Number of prey type i) / (Total number of prey items in the stomach) x 100
Fi% = (AFDW of prey type i) / (Total AFDW of ingested food) x 100
FO:% = (Number of stomachs containing prey item i) / (All stomachs) x 100

As the response variables for the stomach analyses are expressed as relative percentages,
the residual error structure was assumed to follow a Binomial distribution. Hence, a
generalized linear model was used to evaluate the significance of the fixed effect habitat, age
and their interaction effect. The relationship was specified by a logit link function. Differences
between habitats were analysed for each age separately (generalized linear model with
habitat as a fixed effect). Furthermore, a detailed analysis on species composition was
performed. Differences in prey species composition were analysed using multivariate
ANOSIM and SIMPER analysis (Clarke and Warwick, 2001). When two factors (habitat and
age) were analysed together, two way crossed ANOSIM and SIMPER routines were run
(Primer v6).

Prey species composition was analysed on the basis of the frequency of occurrence (FO%)
and the relative contribution of individual prey species to the dissimilarity between groups
(SIMPER analysis; two way crossed when two factors involved). These analyses were
performed both on numerical and gravimetric indices. Differences in diversity of prey species
were based on differences in Shannon Wiener index (Hampel et al., 2005), which was tested
with a general linear model if there was homogeneity of variances (Levene's test) and if the
residual error structure followed a Normal distribution (Shapiro-Wilk's test). If assumptions
were not met, non parametric tests on Shannon Wiener index were performed (Wilcoxon).



2.2. Laboratory set up

In the laboratory experiments, the ecosystem engineered habitat was artificially mimicked
using false tubes made of a 3 mm diameter rubber band of 5 cm in length, coated by inert
coarse sand, in order to resemble the flexibility and texture of real L. conchilega tubes.
Artificial aggregations of tubes were applied in the experimental zone of a flume tank system
of 10.5 m2 The experimental area had dimensions of 1 m length, 0.5 m width and 15 cm
water height. Three different tube densities were applied next to each other: 3000 tubes.m™
(treatment 1, T1), 500 tubes.m™? (treatment 2, T2) and 0 tubes.m™ (control, C) (Figure 1).
These tube densities were based on the biological and physical features of the structures
formed (Rabaut et al, 2009). The tubes were spaced randomly as to mimic the irregular
spatial arrangement in situ. All treatments had an inert sand (125um) as substratum layer of
10 cm. Responses were tested for two different water flow velocities: 3 and 15 m.s™. For this
experiment the flatfish species used is S. solea as these were commercially available and
aged.

A total of 668 S. solea individuals (9 weeks old; 4-6 cm) were obtained from the hatchery
Solea BV in IJmuiden, the Netherlands. Flow-through tanks were used to maintain the
juvenile S. solea (temperature 14.5+/-1°C; salinity 34+/-0.1psu).

During each experimental run, 200 S. solea individuals were added to the flume. The S.
solea individuals were left in the flume tank for 20h after which the amount of individuals in
each tube density habitat of the experimental section (0.5 m?) was counted (see Figure 1 for
experimental set up). This was replicated three times for each water current velocity with the
relative position of the treatment compartments changed for each replicate run to avoid
position bias in the flume. Replicated G-tests for goodness of fit to chi-square distribution
(Sokal and Rohlf, 1995) (also called the log-likelihood ratio test), i.e. 33.33% of individuals
inside each of the three experimental areas, were conducted to determine significant
deviations from the expected 1/1/1 (i.e., even) distribution. The general computational
formula used was:

G = 2Z%fiIn(f/F))
Where f; represented the observed frequencies and F; the expected frequencies.
Pair wise comparisons were performed at a critical probability of a = a/k, with k equal to the

number of intended tests [Bonferroni approach, Sokal and Rohlf (1995)].

3. Results

3.1. Field study results

The results from the Van Veen grab analyses, to test differences between habitats with a
generalized linear model with habitat as a fixed factor and the ecosystem engineer densities
as the response variable, confirm that the densities of L. conchilega were significantly higher
(p < 0.0001) within the ecosystem engineered habitat (242 +/- 90 SE ind m™) as compared to
the very low densities outside (12 +/- 1 SE ind m™). Results from the beam trawl tracks
showed that densities of P. platessa are significantly higher within the L. conchilega
ecosystem engineered habitats as compared to the densities outside (Figure 2, Table 1). No
age effects or interactions were found (Table 1). Solea solea was only found in low densities:
17 individuals in the L. conchilega ecosystem engineered area (all in the same beam trawl
sample) and 1 individual outside.



Turning to stomach contents, both age classes had a higher fullness index and
gravimetrically stomachs contained more food within the ecosystem engineered habitat
(Figure 3; Table 2). Nonetheless, stomachs seemed to have more prey items and less empty
stomachs in the non-ecosystem engineered area: 27% of the stomachs were empty for
individuals caught in the ecosystem engineered habitat against only 10% outside.

Analyzing the prey item composition, the two way crossed SIMPER results show a large
dissimilarity between prey item assemblage caught in areas with and without ecosystem
engineer (Table 3). Moreover, two way crossed ANOSIM results show that there was a
significant habitat and age effect, both numerically and gravimetrically (Table 3). Based on
the frequency of occurrence (FO%) and on multivariate analyses on G% and N% data, the
four most important preys were Spio spec., L. conchilega, Pontocrates altamarinus and
Nephtys hombergii (Table 4).

Spio spec. was an important prey for P. platessa in the non-ecosystem engineered habitat
(both numerically and gravimetrically), while L. conchilega seemed to be an important prey in
the ecosystem engineered habitat. No significant effects were found for P. altamarinus and
N. hombergii (Figure 4, Table 4). Differences because of age classes were found for Spio
spec., which occurred in significantly higher densities in age class 0 (N%, p = 0.0266; G%,
p= 0.002) and for L. conchilega, which was more frequently eaten by P. platessa of age class
1 (only gravimetrically, p = 0.0221). In terms of diversity of species, no significant differences
were found between habitats (p = 0.2633) or ages (p = 0.5094).

3.2. Laboratory results

Flume experiments showed that S. solea was found in higher densities in the lower tube
density habitat of 500 tubes.m? as compared to the non-engineered habitat (C) and to the
high tube density habitat of 1000 tubes.m™ (Figure 5; table 5). There was no significant
difference in selection found between the control area and the high tube density habitat
(p>0.05). The differences in flatfish densities were only significant when current velocity is
high (15 m s™), no statistical significant selection could be found with low water current
velocities (3 m s™) (Figure 5; Table 5).

4. Discussion

Results show that flatfish species occur in higher densities when the habitat is shaped by L.
conchilega than in non-engineered habitats. The selection for these habitats by flatfish has
been confirmed in several studies (Amara et al., 2001; Rabaut et al., 2010). Shucksmith et al.
(2006) indicate that adult P. platessa densities correlate specifically with L. conchilega and
Chaetopterus spec. Pleuronectes platessa has been described earlier as being tightly
associated with assemblages containing structuring epifauna such as hydroids, Alcyonium
digitum, A. diaphanum and Flustra foliacea (Kaiser et al., 1999). On the contrary, some
structured habitats such as vegetated habitats can have a negative effect on feeding and
growth as indicated for juvenile European flounder (Platichthys flesus) in eelgrass
environments (Gronkjaer et al., 2007). Our analyses suggest that there is no unique reason
why juvenile flatfish is found in higher densities in the structured habitats but increased food
availability and shelter may trigger juvenile flatfish to reside between L. conchilega tubes.
However, the use of different species and both laboratory and in situ experiments has
limitations (see below). Juveniles of P. platessa showed a clear feeding advantage when
they were found within the ecosystem engineered habitat. Plaice has a higher fullness index
within the ecosystem engineered areas. A higher fullness is thought to be a good predictor of
growth (Tarpgaard et al., 2005). The higher gut fullness is also reflected in the gravimetric



percentage. The numerical percentage, however, shows a totally opposite trend. The higher
number of prey items in areas without the ecosystem engineer was fully attributed to Spio
spec. It seems that in the absence of the ecosystem engineer L. conchilega, P. platessa
turns to Spio spec. as main prey item. However, Spio spec. are described as positively
associated with L. conchilega (Rabaut et al., 2007), but it appears that P. platessa feeds less
on it when L. conchilega is available as prey. Although Pontocrates altamarinus is known to
be negatively associated with L. conchilega (Rabaut et al., 2007), it occurs more frequently
as prey in flatfish caught in L. conchilega aggregations. The main advantage seems to be
that juvenile flatfish fill their stomach with larger items, i.a. the tube worm L. conchilega itself.
On the contrary, the vacuity index is higher in the ecosystem engineered habitat and the
number of prey items is lower implying that the feeding behavior changes as a function of the
presence of the bio-engineered habitat. Without the structured habitat, juvenile flatfish seems
to feed on what can be found, which means constant foraging on smaller prey items. In the L.
conchilega habitat, the flatfish becomes more selective for larger food items, leading to a
lower feeding activity, a lower number of prey items but a higher fullness index and more
biomass found in non-empty stomachs. This can potentially explain to some extent the
higher flatfish densities within the ecosystem engineered habitat. Differences in growth rate
are related to differences in food composition and availability as well (Gronkjaer et al., 2007;
van der Veer and Witte, 1993). Pleuronectes platessa generally prefers to consume common
species (Lockwood, 1984; Wyche and Shackley, 1986). Therefore, we hypothesize that the
selectivity of juvenile flatfish to feed within biogenically created habitats is a result of their
feeding behaviour which is generally opportunistic (Beyst et al., 1999; Dolbeth et al., 2008;
Holmes and Gibson, 1983). Increasing abundances of relatively easy-to-catch prey attract
these opportunistic feeders. Besides the feeding advantage, our experiment shows that
juvenile flatfish such as S. solea seems to select for the engineered habitat, even if food is
absent. The selected habitat turns out to be the low density aggregations

(500 ind.m™). It is important to mention here that the laboratory experiment and the field
observations are aimed at different flatfish species. In the field observation, larger individuals
in lower density tube worm habitats use the habitat to feed, while the laboratory experiment
shows specific behavior of very young S. solea individuals in higher tube worm reefs. Hence,
the results are complementary as we can conclude that both food and other aspects can
attract juvenile flatfish. However, we have no information on whether juvenile S. solea do
feed in the ecosystem engineered habitat and it is uncertain whether juvenile P. platessa
would use the tube worm reefs as shelter.

Further, in our experiment the highest tube densities of 3000 ind m™ to which the species are
exposed to in this experiment are too high to be selected by S. solea. The length of the 9-
week old S.solea (4-6 cm) is small enough to occupy the space between the tubes as
several individuals were found there during the experiment. Nevertheless, the higher flatfish
densities in the lower density reef suggest that when tube densities are very high, the space
between tubes might become the limiting factor and make this high density habitat less
attractive. The lower tube density habitat harbored more S. solea than the control area,
showing that S. solea is able to use the low density reefs.

The low tube density habitat was most likely characterized by more favorable hydrodynamic
conditions. The lower density reefs become more selected than the control zones only when
current velocity increases, suggesting that S. solea uses the ecosystem engineered habitat
only when high water current velocities exist. It is known that biota can affect local sediment
transportation and can stabilize or destabilize the environment. It is widely thought that
animal tubes stabilize sediments by altering the character of near-bed flow. In some cases,
the region of maximum turbulent kinetic energy and shear stress production occurs away
from the bed (this is the so-called “skimming flow”) (Morris, 1950). In a study by Friedrichs et
al. (2000), it was described that a skimming flow was created. This ecosystem engineering
effect is considered as an important factor for the habitat selection of S. Solea and P.
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platessa. The inclusion of the abundance of benthic fauna in habitat suitability models has
been proven as important in distribution predictions (Le Pape et al., 2007; Nicolas et al.,
2007) and Ryer et al. (2004) suggest incorporating considerations of emergent structures of
low-relief benthic habitats that impart structural complexity into models for flatfish habitat-
suitability.

In conclusion, structured biogenic habitats within nursery areas seem to be attractive for
juvenile flatfish and play an important role in juvenile flatfish distribution. Effects on habitat
selection by flatfish seem to be partially related to food availability and the attractiveness of
the habitat mainly lies in the increased availability of high quality food items (i.e. larger
preys). The shelter provided by the biogenic structure, however, seems not unimportant.
Interestingly, S. solea selects lower density reefs over very high density reefs, which is
analogous to what has been described for the macrobenthic community. Both shelter
function and food availability seems to be of more importance for smaller (age class 0)
flatfish. The results of our study are complementary and highlight the importance of biogenic
habitats within flatfish nursery areas in general and shows that L. conchilega tube worm
aggregations can function both as refuge and as feeding area.
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Tables

Table 1. Differences in flatfish densities between age, habitat and interaction effect (p-
values). Statistical test: generalized linear model to compare densities (poisson distribution;
proc genmod procedure in SAS software). Asterisks indicate significant differences.
Differences between ,Habitats" refer to the differences between ecosystem engineered and
non-ecosystem engineered habitats.

Habitat Habitat x Age Age
Both age classes  0.0001* 0.9699 0.1949
Age class 0 0.0024* - -
Age class 1 0.0076* - -

Table 2. Differences (p-values) in stomach contents between ecosystem engineered and
non-ecosystem engineered habitats expressed as Fl% (fullness index), G% (proportional
gravimetric values) and N% (proportional numerical values). Statistical test: generalized
linear model to compare densities (binomial distribution; proc genmod procedure in SAS
software).

Fl1% G% N%
Ageclass0 0.0002* 0.0005* 0.0030*
Age class 1 0.0089* 0.2806 0.1419

Table 3. Prey species community analysis. ANOSIM (R-values) and SIMPER dissimilarities
between prey communities of flatfish caught inside ecosystem engineered habitats and those
outside and between age classes (two way crossed analysis). ANOSIM R and correspondent
p-values are given for numerical (N%) and for gravimetric (G%) percentages. SIMPER
dissimilarities indicate differences in prey composition. Significant differences are indicated
with an asterisk.

N% G%

R p dissimalarity R p dissimalarity
age 0.351 0.005* 71.46 0.311  0.001* 73.76
habitat  0.581  0.001* 90.57 0.507  0.001* 94.12




Table 4. Most dominant prey items in ecosystem engineered and non-ecosystem engineered habitat. Importance of prey items is based on
frequency of occurrence (FO%), species contribution to the dissimilarity of community composition between habitats (two way crossed
SIMPER). Numerical and gravimetric differences of prey species between habitats is indicated with significance level (asterisks indicate
significant differences).

FO% SIMPER p level
species without ecosystem engineer with ecosystem engineer % contribution (N%) % contribution (G%) N% G%
Spio sp. 68.75 25 39.51 39.56 <0.0001* <0.0001*
L. conchilega 6.25 16.67 33.43 24.75 <0.0001* <0.0001*
P. altamarinus 10 11.11 11.21 0.05 0.069 0.9828

N. hombergii 21.25 0 3.27 2.8 0.2926 0.0501




Table 5. Significance levels for differences in flatfish densities between habitats. No
significant differences are found with low current velocity while with high water current
velocity, the juvenile S. solea selects clearly the intermediate tube density (T2 = 500 tubes m’
2) over both bare sand (C = no tubes) and very high tube density (T1 = 3000 tubes m™).

3 cm./sec T2>T1: Gp=2.06,P =0.151
C>T2: Gp=0.63, P =0.425
C>T1: Gp=4.971, P=0.026

15 cm./sec T2>T1: Gp=8.6, P =0.003*
T2>C: Gp=17.1,P =0.007*
C>T1: Gp=0.071, P =0.789

Figures

Figure 1. Experimental set up. Above: cross section of flume tank (total flume tank length:
21m, width 50cm). Below: experimental section seen from above. 200 S. solea individuals
are left for 20h in the total flume tank after which densities in the experimental section are
counted. Three different tube densities were applied next to each other: 3000 tubes.m™
(treatment 1, T1), 500 tubes.m™ (treatment 2, T2) and 0 tubes.m? (control, C). The tubes
were spaced randomly as to mimic the irregular spatial arrangement in situ. All treatments
had an inert sand (125um) as substratum layer of 10 cm. Responses were tested for two
different water flow velocities: 3 and 15 m.s™. Tests were replicated three times for each
water current velocity with the relative position of the treatment compartments changed for
each replicate run to avoid position bias in the flume.
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Figure 2. Flatfish densities. White bars represent flatfish densities in non- ecosystem
engineered habitat; black bars represent flatfish densities in ecosystem engineered habitat
(standard error bars are indicated).
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Figure 3. Overall stomach analysis per age class of P. platessa representing fullness index
(F1%) (left), proportional gravimetric differences (G%) (middle) and proportional numerical
differences (N%). Non-ecosystem engineered habitat is represented with white bars;
ecosystem engineered habitat is visualized as black bars.
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Figure 4. Stomach content: prey species analysis. Numerical (N%) and gravimetric (G%)
differences for the most important prey species are represented. Non-ecosystem engineered
habitat is represented with whit bars; ecosystem engineered habitat is visualized as black
bars. Significant differences between habitats are indicated with a star
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Figure 5. Relative distribution over different habitats (T1 = 3000 tubes m™; T2 = 500 tubes m’
2. C = no tubes). Differences between habitats shown for high water current velocity (15 m s’
' black) and low water current velocity (3 m s™'; white). Habitat selection is more pronounced
when water current velocities are high.
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