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Reef Control Reef Control Reef Control Reef Control

Median grain size (µm) 228 ± 5 285 ± 6 234 ± 8 315 ± 5 221 ± 6 231 ± 5 227 ± 5 226 ± 3

Mud content (%) 6.66 ± 2.74 0 ± 0 5.3 ± 1.24 0 ± 0 0.86 ± 0.59 0 ± 0 0.44 ± 0.44 0 ± 0

Total organic matter (%) 1.67 ± 0.17 1.13 ± 0.04 1.5 ± 0.14 1 ± 0.08 1.4 ± 0.55 0.53 ± 0.04 0.59 ± 0.08 0.52 ± 0.03

MPB (µg.g
-1

 sediment) 1.68 ± 0.25 0.74 ± 0.06 1.55 ± 0.21 1.77 ± 0.82 5.84 ± 1.51 1.31 ± 0.26 0.89 ± 0.12 0.46 ± 0.03

SPM (mg.L
-1

 water) 770.46 ± 66.69 953 ± 60.8 98 ± 2.04 256 ± 7 257.45 ± 36.25 172.98 ± 5.6 184.5 ± 4.09 182.83 ± 1.48 

Chla  (µg.L
-1

 water) 49.13 ± 2.76 45.45 ± 11.16 3.56 ± 0.24 6.53 ± 0.68 43.15 ± 2.52 21.6 ± 0.7 3.73 ± 0.06 3.3 ± 0.37

BMSM Boulogne

Spring Autumn Spring Autumn
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Macrobenthos Reef (n = 10) Control (n = 10) Reef (n = 10) Control (n = 10) Reef (n = 10) Control (n = 10) Reef (n = 10) Control (n = 10)

L. conchilega density 1090 ± 269 0 ± 0 2358 ± 444 0 ± 0 6720 ± 868 0 ± 0 3368 ± 296 0 ± 0

Species abundance N 4964 ± 478 800 ± 239 3400 ± 529 927 ± 225 13446 ± 1708 209 ± 45 16009 ± 3192 255 ± 45

Species richness S 11.0 ± 1.1 4.9 ± 0.8 10.1 ± 1.0 6.2 ± 1.1 16.0 ± 0.9 2.0 ± 0.4 14.9 ± 1.0 2.0 ± 0.3

Shannon diversity indexH' 1.555 ± 0.123 1.341 ± 0.149 1.775 ± 0.129 1.546 ± 0.155 1.829 ± 0.120 0.509 ± 0.267 1.714 ± 0.103 0.569 ± 0.165

Pielou's eveness indexJ' 0.655 ± 0.032 0.925 ± 0.023 0.778 ± 0.031 0.930 ± 0.022 0.665 ± 0.047 0.976 ± 0.016 0.638 ± 0.029 0.966 ± 0.017

Epibenthos Reef (n = 3) Control (n = 4) Reef (n = 3) Control (n = 3) Reef (n = 3) Control (n = 3) Reef (n = 4) Control (n = 4)

Species abundance N 487 ± 111 155 ± 44 755 ± 421 406 ± 190 1452 ± 674 205 ± 128 9912 ± 2983 353 ± 83

Species richness S 9.3 ± 0.7 5.8 ± 0.9 8.3 ± 1.5 10.7 ± 3.4 5.7 ± 0.7 3.0 ± 0.6 9.0 ± 0.0 9.0 ± 1.2

Shannon diversity indexH' 1.176 ± 0.108 1.284 ± 0.112 1.186 ± 0.097 1.316 ± 0.245 0.855 ± 0.225 0.500 ± 0.159 0.547 ± 0.219 1.463 ± 0.107

Pielou's eveness indexJ' 0.532 ± 0.068 0.757 ± 0.069 0.568 ± 0.006 0.594 ± 0.012 0.509 ± 0.153 0.450 ± 0.063 0.249 ± 0.100 0.674 ± 0.027

Hyperbenthos Reef (n = 3) Control (n = 3) Reef (n = 3) Control (n = 3) Reef (n = 3) Control (n = 4) Reef (n = 3) Control (n = 3)

Species abundance N 3350 ± 1360 5363 ± 1832 27853 ± 14977 8107 ± 153 23323 ± 9219 2965 ± 1015 7357 ± 5087 450 ± 217

Species richness S 20.3 ± 3.5 21.0 ± 3.0 38.3 ± 2.9 38.7 ± 3.5 1.0 ± 4.0 14.7 ± 1.4 19.0 ± 4.5 11.7 ± 5.6

Shannon diversity indexH' 1.864 ± 0.175 1.662 ± 0.119 1.306 ± 0.438 2.361 ± 0.159 1.015 ± 0.167 1.482 ± 0.305 1.477 ± 0.323 1.413 ± 0.713

Pielou's eveness indexJ' 0.638 ± 0.101 0.549 ± 0.031 0.358 ± 0.116 0.646 ± 0.028 0.365 ± 0.042 0.555 ± 0.116 0.526 ± 0.142 0.752 ± 0.008

BMSM Boulogne

Spring Autumn Spring Autumn
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BMSM L. conchilega reef

Obs. Freq. ± SD Exp. Freq. ± SD Ratio Obs. Freq. ± SD Exp. Freq. ± SD Ratio Total G value p value

Total waders 23928 ± 15976 29602 ± 17513 0.81 5799 ± 1994 124 ± 74 46.64 140976 <0.0001

5 Species 17651 ± 10761 21830 ± 12882 0.81 4271 ± 2444 92 ± 54 46.58 101915 <0.0002

Dunlin 9853 ± 9478 12080 ± 11337 0.82 2278 ± 1972 51 ± 48 44.89 53565 <0.0003

Oystercatcher 3381± 1963 3916 ± 2502 0.86 551 ± 614 16 ± 11 33.52 12206 <0.0004

Grey Plover 2315 ± 884 3157 ± 1476 0.73 856 ± 79 13 ± 6 64.52 23768 <0.0005

Curlew 1734 ± 1171 1984 ± 1340 0.87 259 ± 274 8 ± 6 31.08 5642 <0.0006

Bar-tailed Godwit 369 ± 400 694 ± 819 0.53 327 ± 425 3 ± 3 112.34 10697 <0.0007
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C. alpina H. ostralegus N. arquata P. squatarola L. lapponica

(Dunlin) (Oystercatcher) (Curlew) (Grey Plover) (Bar-tailed Godwit)

N = 15 N = 15 N = 11 N = 15 N = 15

Polychaeta 93.3 73.3 72.7 73.3 86.7

Lanice conchilega 40 60 63.6 13.3 33.3

Nereis sp. 6.7 0 9.1 0 0

Eteone longa 0 0 9.1 0 0

Other polychaetes 93.3 73.3 72.7 60 73.3

Crustacea 100 100 100 100 93.3

Crab sp. 73.3 53.3 81.8 80 46.7

Amphipoda sp. 33.3 33.3 45.5 26.7 33.3

Ostracoda sp. 80 73.3 90.9 53.3 40

Isopoda sp. 0 0 9.1 0 6.7

Cumacea sp. 0 0 9.1 0 6.7

Copepoda sp. 0 13.3 0 33.3 20

Other crustaceans 100 100 100 100 93.3

Bivalvia 33.3 13.3 45.5 13.3 26.7

Abra alba 0 6.7 0 6.7 6.7

Aequipecten opercularis 0 0 9.1 0 0

Cerastoderma edule 0 0 36.4 6.7 0

Macoma balthica 20 0 9.1 0 0

Mysella bidentata 0 0 0 0 6.7

Nucula sp. 0 6.7 0 0 0

Scrobicularia plana 0 0 0 0 6.7

Spisula subtruncata 0 0 18.2 0 0

Other bivalves 26.7 0 18.2 0 6.7

Other 100 100 100 100 100

Taxon
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Taxon % ± SD % ± SD % ± SD % ± SD % ± SD

Polychaeta 17.56 17.57 15.15 24.86 18.17 29.61 5.98 9.59 8.93 18.59

Crustacea 43.31 24.49 26.75 18.16 60.46 35.11 47.26 25.39 18.46 9.65

Bivalvia 0.23 0.40 0.03 0.10 0.07 0.17 0.01 0.03 0.02 0.05

Other 38.90 24.57 58.06 26.07 21.30 26.64 46.75 24.63 72.58 21.24

L. conchilega 6.81 12.19 39.79 32.34 20.10 33.57 18.18 40.45 19.68 36.95

Nereis sp. 0.48 1.78 0 0 0.02 0.05 0 0 0 0

E. longa 0 0 0 0 1.01 3.03 0 0 0 0

Other poly. 92.71 12.03 60.21 32.34 78.88 33.32 81.82 40.45 80.32 36.95

Crab sp. 4.60 5.86 5.12 7.25 32.84 34.00 18.10 18.13 10.06 17.18

Amphipoda sp. 0.81 1.36 1.30 2.34 6.25 19.06 0.46 0.93 5.69 10.23

Ostracoda sp. 9.18 15.06 13.36 17.84 15.81 19.30 8.17 22.37 9.15 13.90

Isopoda sp. 0 0 0 0 0.83 2.74 0 0 0.71 2.67

Cumacea sp. 0 0 0 0 0.001 0.003 0 0 0.71 2.67

Copepoda sp. 0 0 0.92 2.90 0 0 0.41 0.78 1.64 3.56

Other crust. 85.40 19.00 79.30 18.51 44.26 28.28 72.86 25.66 72.04 23.76

A. alba 0 0 50.00 70.71 0 0 50.00 70.71 25.00 50.00

A. opercularis 0 0 0 0 2.86 6.39 0 0 0 0

C. edule 0 0 0 0 49.52 47.57 50.00 70.71 0 0

M. balthica 34.50 44.17 0 0 2.86 6.39 0 0 0 0

M. bidentata 0 0 0 0 0 0 0 0 25.00 50.00

Nucula sp. 0 0 50.00 70.71 0 0 0 0 0 0

S. plana 0 0 0 0 0 0 0 0 25.00 50.00

S. subtruncata 0 0 0 0 18.10 26.17 0 0 0 0

Other bivalves 65.50 44.17 0 0 26.67 43.46 0 0 25.00 50.00

N = 15 N = 11 N = 15 N = 15

Higher taxa

(Oystercatcher) (Curlew) (Grey Plover) (Bar-tailed Godwit)

L. lapponicaP. squatarolaN. arquataH. ostralegusC. alpina

(Dunlin)

N = 15

Polychaeta

Crustacea

Bivalvia
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Global D-O D-C D-G D-B O-C O-G O-B C-G C-B G-B

Polychaetes 0.0254 0.509 1.000 0.951 0.398 0.197 0.242 1.000 0.894 0.095 0.183

Crustaceans < 0.0001 0.100 0.531 1.000 0.069 0.0010 0.124 1.000 0.354 <0.001 0.087

Bivalves 0.0013 0.307 0.004 0.294 0.182 0.999 1.000 0.994 0.998 0.999 0.992

Other 0.0009 0.833 0.063 0.894 0.898 0.002 1.000 1.000 0.002 0.002 1.000

Global D-O D-C D-G D-B O-C O-G O-B C-G C-B G-B

L. conchilega < 0.0001 0.039 1.000 0.997 0.023 0.0003 0.675 0.992 0.997 0.0003 0.607

Other poly. < 0.0001 0.036 1.000 0.997 0.022 0.0003 0.672 0.992 0.996 0.0003 0.604

Crab 0.005 1.000 0.070 0.769 1.000 0.570 0.950 1.000 0.135 0.468 0.950

Other crust. < 0.0001 0.830 0.0001 0.704 0.896 0.094 1.000 1.000 0.0002 0.045 1.000
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Treatment Linear regression analyses Bioirrigation rate 

  α β adj. R2 p (slope) (L m-2 d-1) 

[C1] 5.5675 -0.0420 0.9561 0.0026 32.9412 

[C2] 5.5304 -0.0335 0.8481 0.0169 26.4492 

[C3] 5.6268 -0.0377 0.8314 0.0199 29.0117 

[S1] 5.6416 -0.0362 0.8913 0.0101 27.8631 

[S2] 5.4284 -0.0433 0.7293 0.0415 33.5454 

[S3] 5.5810 -0.0345 0.7739 0.0313 26.8868 

[N1] 5.3661 -0.0407 0.6373 0.0660 31.9376 

[N2] 5.7945 -0.0405 0.9827 0.0006 30.8960 

[N3] 6.0045 -0.0379 0.8341 0.0194 28.8243 
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δ
δ

 

Spring Autumn

Source SS df F-value p value SS df F-value p value SS df F-value p value p adj p adj

BMSM

δ
13

C SPOM 0.14 1 0.6839 0.4322 3.04 1 15.0586 0.0047 0.15 1 0.7305 0.4176 ― ―

δ
15

NSPOM 1.38 1 12.564 0.0076 1.69 1 15.318 0.0045 1.73 1 15.749 0.0041 0.2418 0.0310

δ
13

C MPBdiatom 14.55 1 3.3218 0.0956 32.30 1 7.3747 0.0201 0.00 1 0.0001 0.9943 ― ―

δ
15

N MPBdiatom 3.58 1 2.9043 0.1164 0.60 1 0.4891 0.4989 1.76 1 1.4264 0.2575 ― ―

Boulogne

δ
13

C SPOM 2.76 1 17.715 0.0030 17.20 1 110.39 <0.0001 2.65 1 17.009 0.0033 0.4186 0.0126

δ
15

NSPOM 0.001 1 0.002 0.9655 0.30 1 0.568 0.4726 0.26 1 0.4827 0.5069 ― ―

δ
13

C MPBdiatom 30.20 1 4.2622 0.0659 71.55 1 10.097 0.0099 55.33 1 7.8073 0.0190 0.2924 0.2289

δ
15

N MPBdiatom 2.43 1 3.828 0.0821 1.06 1 1.6756 0.2277 0.03 1 0.0517 0.8253 ― ―

Pair-wise test

Sampling area xPeriod

Main test

Sampling area Period
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FG δ
13

C (SD) δ
15

N (SD) n δ
13

C (SD) δ
15

N (SD) n δ
13

C (SD) δ
15

N (SD) n δ
13

C (SD) δ
15

N (SD) n

Dicentrarchus labrax 1 - - - -14.51 15.13 1 -14.12 15.07 1 - - -

Pleuronectes platessa 1 - - - - - - - - - -15.51 13.24 3

Platichthys flesus 1 - - - - - - - - - -13.99 13.10 1

Pomatoschistus sp. 1 -15.23 (0.17) 15.64 (0.21) 4 -15.32 (0.14) 14.58 (0.19) 4 -15.29 (0.22) 14.97 (0.28) 4 -15.77 (0.53) 14.62 (0.45) 5

Atherina presbyter 1 - - - -15.71 14.20 1 - - - - - -

Solea solea 1 - - - -14.67 (0.38) 13.92 (0.17) 7 - - - - - -

Syngnathus rostellatus 1 - - - - - - -18.27 (0.18) 10.89 (0.54) 3 -18.73 10.39 1

Crangon crangon 2 -14.38 (0.39) 14.02 (0.11) 4 -13.02 (0.84) 13.30 (0.33) 4 -13.30 (0.31) 13.05 (0.35) 4 -13.14 (1.13) 13.08 (0.70) 4

Liocarcinus sp. 2 - - - - - - - - - -13.53 (0.58) 13.02 (0.35) 2

Carcinus maenas 3 - - - -18.17 10.57 1 - - - - - -

Athanas nitescens 3 -18.71 8.45 1 - - - - - - - - -

Palaemon serratus 4 - - - -16.91 13.36 1 - - - - - -

Portumnus latipes 3 - - - - - - - - - -13.70 (0.36) 13.17 (0.38) 2

Processa sp. 3 - - - - - - - - - -19.13 (0.99) 10.80 (0.87) 2

Eualus cranchii 3 - - - - - - - - - -18.58 (0.63) 12.23 (0.12) 4

Philocheras trispinosus 3 - - - - - - - - - -16.19 (0.11) 10.16 (0.18) 2

Diogenes pugilator 3 - - - -15.59 (0.93) 9.45 (0.19) 3 - - - -16.74 (0.82) 9.74 (0.27) 4

Corophium volutator 5 - - - - - - - - - -15.76 8.94 1

Corophium sp. 5 - - - - - - -16.68 5.26 1 - - -

Gammarus sp. 8 -19.71 (1.48) 7.03 (1.25) 5 -18.99 (1.02) 8.90 (0.61) 4 -20.49 (0.52) 7.33 (1.09) 4 -19.17 (0.58) 8.66 (0.58) 4

Abludomelita obtusata 5 -19.10 8.89 1 - - - - - - - - -

Melita sp. 5 -19.72 4.93 1 - - - - - - - - -

Bathyporeia elegans 7 -18.32 6.76 1 - - - - - - - - -

Schistomysis kervillei 7 -18.05 (0.45) 12.91 (0.96) 5 - - - -17.59 (0.44) 12.15 (0.91) 4 - - -

Schistomysis spiritus 6 -18.78 (0.81) 9.38 (1.50) 3 - - - - - - -16.61 (0.16) 11.89 (0.37) 3

Gastrosaccus spinifer 7 - - - - - - -19.76 (0.69) 10.52 (0.80) 3 -18.57 (1.64) 11.16 (0.31) 2

Mesopodopsis slabberi 3 - - - - - - - - - -17.54 (0.61) 11.94 (0.27) 3

Lekanesphaera levii 8 -21.22 (2.18) 3.28 (0.62) 3 - - - - - - -17.63 (1.15) 7.77 (0.04) 2

Idotea linearis 3 - - - -15.49 (0.39) 9.74 (0.28) 3 -19.39 8.48 1 -16.61 9.54 1

Idotea balthica 3 - - - -17.52 (0.31) 8.81 (0.17) 2 - - - - - -

Diastylis sp. 5 - - - - - - - - - -21.11 9.11 1

Loligo vulgaris 2 - - - -16.05 (0.62) 14.89 (0.32) 4 - - - -17.92 15.62 1

Buccinum undatum 2 - - - -14.85 (0.51) 12.21 (0.05) 3 -14.81 13.38 1 - - -

Cerastoderma edule 6 -18.42 9.37 1 -17.03 (0.15) 9.47 (0.47) 4 -18.50 (0.10) 9.92 (0.36) 4 - - -

Macoma balthica 5 -15.81 (0.16) 9.08 (0.62) 3 -15.32 (0.11) 10.21 (0.48) 4 -15.94 (0.29) 9.91 (0.42) 3 -15.32 (0.11) 9.60 (0.36) 2

Annelida

Lanice conchilega 5 -18.55 (0.54) 11.67 (0.57) 4 -17.40 (0.22) 10.97 (0.10) 4 - - - - - -

Arenicola marina 7 - - - -15.94 11.67 1 - - - - - -

Nephtys cirrosa 2 - - - -16.21 (0.29) 11.99 (0.26) 3 -15.88 12.71 1 -16.56 (0.69) 12.71 (0.10) 3

Nephtys sp. 2 -15.40 11.30 1 - - - - - - - - -

Nereis sp. 3 - - - -15.24 11.24 1 - - - - - -

Polynoinae sp. 3 -17.31 (0.20) 12.52 (0.31) 3 - - - - - - - - -

Scoloplos armiger 7 - - - - - - - - - -16.25 (1.68) 13.28 (0.16) 2

Oligochaeta sp. 7 - - - - - - -21.42 10.09 1 - - -

Rhizostoma pulmo 2 - - - -18.25 11.19 1 - - - - - -

SPOM -22.66 (0.66) 3.72 (0.38) 3 -20.79 (0.39) 6.30 (0.16) 3 -22.52 (0.26) 4.28 (0.47) 3 -21.10 (0.40) 5.34 (0.23) 3

MPBdi ato m -6.84 (0.63) 6.56 (0.25) 4 -11.17 (2.12) 5.77 (1.46) 4 -9.74 (0.36) 6.62 (0.80) 4 -14.08 (4.07) 7.21 (1.60) 3

Osteichthyes

Crustacea

Mollusca

Cnidaria

Taxon

Reef Control

Spring Autumn Spring Autumn

Primary food sources
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FG δ
13

C (SD) δ
15

N (SD) n δ
13

C (SD) δ
15

N (SD) n δ
13

C (SD) δ
15

N (SD) n δ
13

C (SD) δ
15

N (SD) n

Dicentrarchus labrax 1 - - - -16.73 (1.34) 14.69 (0.37) 4 - - - -16.54 (0.05) 15.04 (0.08) 2

Pleuronectes platessa 1 -24.99 13.47 1 -16.29 (1.09) 12.94 (0.90) 2 - - - -15.96 (0.54) 13.24 (0.41) 7

Pleuronectidae sp. 1 - - - - - - -20.95 10.74 1 - - -

Pleuronectidae juv. 1 -20.48 (1.34) 11.24 (0.91) 4 - - - - - - - - -

Pleuronectidae larvae 1 -19.77 (0.15) 11.76 (0.34) 4 - - - - - - - - -

Pomatoschistus microps 1 - - - -16.77 (1.63) 14.47 (0.55) 4 - - - -16.90 (0.13) 14.38 (0.32) 3

Pomatoschistus sp. 1 -17.96 (0.24) 14.89 (0.24) 2 -16.38 (0.13) 14.31 (0.39) 4 - - - -16.76 (0.29) 14.45 (0.25) 10

Scopthalmus rhombus 1 - - - -17.24 13.18 1 - - - -16.58 (0.67) 13.85 (0.74) 4

Echiichthys vipera 1 - - - -16.58 15.53 1 - - - -17.31 15.67 1

Syngnathus rostellatus 1 -17.59 15.74 - 1 - - - -20.00 16.68 1 - - -

Sprattus sprattus 1 - - - -16.48 14.74 1 - - - - - -

Ammodytidae sp. 1 - - - - - - -18.16 (0.59) 13.96 (0.51) 4 -18.77 14.50 1

Psammechinus miliaris 2 - - - - - - -16.93 11.14 1 - - -

Crangon crangon 2 -17.13 (2.66) 14.92 (0.73) 4 -15.99 (0.37) 13.50 (0.27) 4 - - - -16.39 (0.22) 13.65 (0.48) 4

Crangon crangon juv. 4 - - - - - - -17.29 (0.15) 6.74 (0.24) 3 - - -

Liocarcinus sp. 2 - - - - - - - - - -15.35 (2.90) 13.10 (0.21) 3

Liocarcinus sp. juv. 2 - - - - - - - - - -20.15 10.71 1

Carcinus maenas 3 -16.05 (0.27) 14.00 (0.26) 3 -16.49 (0.23) 13.88 (0.31) 4 -16.08 (0.12) 14.04 (0.44) 4 -16.62 (0.62) 13.81 (0.43) 5

Carcinus maenas juv. 3 -14.48 10.26 1 - - - - - - - - -

Praunus flexuosus 6 - - - - - - - - - -18.59 12.80 1

Eualus cranchii 3 - - - - - - - - - -18.72 13.04 1

Gammarus sp. 8 -19.48 6.50 1 - - - - - - -21.07 6.66 1

Urothoe poseidonis 7 - - - -19.66 (1.25) 10.23 (0.32) 4 - - - - - -

Urothoe sp. juv. 7 - - - -19.21 (0.15) 10.31 (0.13) 4 - - - - - -

Nototropis swammerdamei 3 - - - - - - - - - -21.85 (0.97) 7.96 (0.31) 3

Schistomysis kervillei 7 - - - - - - -16.91 12.31 1 - - -

Mesopodopsis slabberi 3 -16.86 (0.49) 11.12 (0.25) 4 - - - -17.23 (0.58) 10.15 (1.30) 2 - - -

Gastrosaccus spinifer 7 - - - - - - -17.62 11.07 1 -20.78 (1.43) 11.63 (1.36) 3

Eurydice pulchra 3 - - - - - - - - - -20.70 10.26 1

Venerupis sp. 6 - - - -23.29 8.20 1 - - - - - -

Buccinum undatum 2 - - - - - - - - - -15.32 12.80 1

Lanice conchilega 5 -18.02 (0.68) 10.41 (0.35) 3 -18.99 (0.96) 10.21 (0.25) 4 - - - - - -

Arenicola marina 7 - - - -17.27 13.14 1 - - - - - -

Nephtys cirrosa 2 - - - -17.61 (0.12) 11.88 (0.43) 2 -16.59 (0.40) 11.82 (0.28) 2 -16.33 (0.34) 11.64 (0.10) 3

Glycera alba 2 - - - -16.89 (0.51) 13.98 (0.95) 2 - - - - - -

Pholoe minuta 3 -17.81 12.39 1 - - - - - - - - -

Phyllodoce mucosa 3 -18.23 12.05 1 -18.10 (0.52) 11.82 (1.09) 2 - - - - - -

Polynoinae sp. 3 -17.49 (0.48) 12.56 (0.29) 4 - - - - - - - - -

Lumbrineris sp. 3 - - - -19.42 13.14 1 - - - - - -

Notomastus sp. 7 - - - -19.27 10.26 1 - - - - - -

Actiniaria sp. 2 - - - - - - - - - -15.04 13.11 1

SPOM -21.74 (0.22) 4.66 (0.77) 3 -23.24 (0.28) 3.62 (0.66) 3 -21.21 (0.10) 4.10 (1.01) 3 -24.60 (0.70) 3.64 (0.32) 3

MPBdiatom -16.51 (1.83) 2.32 (0.17) 4 -15.38 (2.97) 3.05 (1.06) 4 -12.67 (3.97) 0.91 (0.99) 3 -19.58 (1.18) 1.85 (0.80) 3

Annelida

Primary food sources

Cnidaria

Spring

Reef

Autumn

Taxon

Osteichthyes

Echinodermata

Crustacea

Mollusca

Spring Autumn

Control
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δ δ

n NR CR CD MNND SDNND Spring Autumn Spring Autumn

Reef Spring 40 13.62 9.25 3.78 1.62 1.29 15.99 - 4.70 11.69 8.64

Autumn 57 9.66 9.68 2.85 1.14 1.22 9.13 0.996 - 6.98 7.83

Control Spring 35 11.81 10.38 3.70 1.78 1.46 14.58 0.673 0.017 - 10.88

Autumn 36 10.69 11.52 3.14 1.17 1.18 11.82 0.924 0.087 0.812 -

Reef Spring 35 12.00 12.31 3.51 1.81 1.80 14.50 - 5.76 9.05 6.37

Autumn 47 10.19 10.54 2.85 1.15 1.56 6.58 1.000 - 5.04 6.06

Control Spring 20 11.10 7.68 3.20 2.07 1.71 12.08 0.780 0.020 - 5.79

Autumn 56 12.11 11.21 3.25 1.27 1.53 8.71 0.987 0.084 0.846 -

Boulogne

SEAc

(‰2
)

Reef Control

BMSM
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Lanice conchilega structures carbon flows  
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𝑟 =  0.0174. 𝑊−0.156

 

 

Process Unit Lower boundary Upper boundary Sources

mmol C m
-2

d
-1

phytoplankton (autum) ― 9.99 Struski and Bacher (2006)

phytoplankton (spring) ― 9.99 Struski and Bacher (2006)

microphytobenthos (autumn) 19.98 39.96 Davoult et al. (2009)

microphytobenthos (spring) 24.98 44.96 Davoult et al. (2009)

mmol C m
-2

d
-1

phytoplankton 0.05 * GPP 0.30 * GPP Vézina and Platt (1988)

microphytobenthos 0.05 * GPP 0.30 * GPP Vézina and Platt (1988)

―

L. conchilega 0.71 0.77 Buhr 1976

Fish 0.40 0.80 Jobling (1994), Hendriks (1999)

Other macrofauna 0.58 0.85 Schroeder (1981), Jordana et al. (2001)

― 0.30 0.70 Calow (1977), Banse (1979), Hendriks (1999)

Gross primary production (GPP)

Respiration

Assimilation efficiency (AE )

Net growth efficiency (NGE )
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𝐀 ∙ 𝐱 = 𝐛

𝐆 ∙ 𝐱 ≥ 𝐡
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Term Description 

n Number of internal compartments in the network, excluding 0 (zero), n + 1 and n + 

2 

j = 0 External source (i.e. dissolved inorganic carbon and detritus input) 

j = n + 1 Useable export from the food web (i.e. secondary production) 

j = n + 2 Unusable export from the food web (i.e. respiration and detritus production) 

Tij Flow from compartment j to i where j represents the columns of the flow matrix 

and i the rows 

Ti. Total inflows to compartment i 

T.j Total outflows from compartment j 

Ti Total inflows to compartment i excluding inflow from external sources 

Tj Total outflows from compartment j excluding outflow to external sources 
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Index name Code Formula 

Total system throughput T.. 

∑ ∑ Tij

n

j=0

n+2

i=1

 

Number of links L 

∑ ∑(Tij>0)

n

j=0

n+2

i=1

 

Average link weight Tij T../L 

Connectance C 
Lint

n(n-1)
   where Lint = ∑  ∑(Tij>0)

n

j=1

n

i=1

 

Average mutual information index AMI 

∑ ∑
Tij

T..

n

j=0

n+2

i=1

 log
2

Tij T..

Ti.T.j
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(A) (B)

(C) (D)
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(A) (B)

(C) (D)
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Control Reef Control Reef Control Reef Control Reef

In situ phytoplankton 1.39 (18 %) 9.49 (5 %) 2.21 (27 %) 9.49 (13 %) 0.04 (6 %) 9.49 (3 %) 0.45 (24 %) 9.49 (5 %)

Microphytobenthos 6.49 (82 %) 36.55 (20 %) 5.70 (70 %) 18.56 (26 %) 0.41 (58 %) 38.96 (12 %) 0.42 (22 %) 43.71 (23 %)

External phytoplankton 0.00 (0 %) 138.40 (75 %) 0.26 (3 %) 44.62 (61 %) 0.26 (36 %) 270.60 (85 %) 1.05 (55 %) 136.79 (72 %)

Total carbon ingested 7.88 184.44 8.18 72.67 0.71 319.05 1.92 189.99

Autumn

BMSM Boulogne

Spring Autumn Spring
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Control Reef Control Reef Control Reef Control Reef

T.. 53 423 64 187 42 714 55 441

L tot 156 129 117 141 82 144 75 98

C 0.063 0.026 0.074 0.051 0.074 0.034 0.125 0.045

T ij 0.34 3.28 0.55 1.33 0.51 4.96 0.74 4.50

AMI 1.17 1.52 1.21 1.66 1.07 1.36 1.20 1.50

BMSM Boulogne

Autumn Spring Autumn Spring
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Chapter 7 

General discussion, conclusions  
and future challenges 
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Addendum I 

Appendices to Chapter 2 

Taxon Stage Taxon Stage 

Actiniaria sp. ad Macoma balthica ad 

Ampharetinae sp. ad Magelona johnstoni ad 

Angulus tenuis ad Magelona mirabilis ad 

Aphelochaeta marioni ad Malmgreniella arenicolae ad 

Arenicola marina ad Malmgreniella ljungmani ad 

Autolytus sp. ad Malmgreniella sp. ad 

Bathyporeia elegans ad Melita palmata ad 

Bathyporeia pilosa ad Monocorophium acherusicum ad 

Bathyporeia sarsi ad Nematoda sp. ad 

Bivalvia sp. juv Nemertea sp. ad 

Capitella sp. ad Nephtys caeca ad 

Carcinus maenas ad Nephtys cirrosa ad 

Cerastoderma edule ad Nephtys hombergii ad 

Cirratulidae sp. ad Nephtys kersivalensis ad 

Corophium sp. ad Nereis sp. ad 

Cumacea sp. ad Notomastus latericeus ad 

Cumopsis goodsir ad Oligochaeta sp. ad 

Cumopsis longipes ad Ophelia borealis ad 

Donax vittatus juv Ophiuroidea sp. juv 

Ensis magnus ad Pholoe minuta ad 

Eocuma dollfusi ad Phyllodoce mucosa ad 

Eteone longa ad Pirimela denticulata ad 

Eumida sanguinea ad Polynoinae sp. ad 

Eurydice pulchra ad Portunidae sp. ad 

Gammarus crinicornis ad Pygospio elegans ad 

Glycera alba ad Scolelepis squamata ad 

Glycera lapidum ad Scoloplos armiger ad 

Glycera sp. ad Sigalion mathildae ad 

Glycera tridactyla ad Siphonoecetes sp. ad 

Harmothoe sp. ad Sphaeroma monodi ad 

Hediste diversicolor ad Spio sp. ad 

Hesionura elongata ad Spiophanes bombyx ad 

Heteromastus filiformis ad Syllidae sp. ad 

Idotea pelagica ad Syllis gracilis ad 

Idotea sp. juv Tanaidacea sp. ad 

Kurtiella bidentata ad Urothoe poseidonis ad 

Lanice conchilega ad Urothoe sp. juv 

Liocarcinus navigator ad Venerupis philippinarum ad 

Lumbrineris sp. ad     
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Taxon Stage Taxon Stage 

Ammodytes tobianus ad Palaemon serratus ad 

Ammodytidae sp. juv Pisidia longicornis ad 

Aphia minuta ad Platichthys flesus ad 

Atherina presbyter ad Pleuronectes platessa ad 

Cancer pagurus ad Pleuronectidae sp. ad 

Carcinus maenas ad Pomatoschistus lozanoi ad 

Ciliata mustela ad Pomatoschistus microps ad 

Cottidae sp. ad Pomatoschistus minutus ad 

Crangon crangon ad Pomatoschistus pictus ad 

Dicentrarchus labrax ad Porcellana platycheles ad 

Diogenes pugilator ad Porifera sp. ad 

Echiichthys vipera ad Portumnus latipes ad 

Eualus occulus ad Psammechinus miliaris ad 

Eualus pusiolus ad Scophthalmus rhombus ad 

Liocarcinus marmoreus ad Sepia officinalis ad 

Liocarcinus sp. ad Sepiola atlantica ad 

Liocarcinus vernalis ad Solea solea ad 

Loligo sp. ad Sprattus sprattus ad 

Loligo vulgaris ad Syngnathus rostellatus ad 

Mytilus edulis ad Tunicata sp. ad 
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Taxon Stage Taxon Stage Taxon Stage 

Abludomelita gladiosa ad Dexamine spinosa ad Monocorophium sextonae ad 

Abludomelita obtusata ad Diastylis bradyi ad Mysidae sp. ad 

Achelia echinata ad Diastylis lucifera ad Mysidopsis gibbosa ad 

Achelia sp. ad Diastylis sp. ad Neomysis integer ad 

Allomelita pellucida ad Endeis spinosa ad Nototropis falcatus ad 

Ammodytes tobianus juv Eocuma dollfusi ad Nototropis guttatus ad 

Ammodytidae sp. juv Ericthonius punctuatus ad Nototropis swammerdamei ad 

Ammothella longipes ad Ericthonius sp. ad Nudibranchia sp. ad 

Amphipoda sp. ad Eualus cranchii ad Nymphon brevirostre ad 

Anilocra sp. ad Eualus sp. ad Ophiuroidea sp. juv 

Anoplodactylus pygmaeus ad Euphausiidae sp. ad Palaemon elegans ad 

Aoridae sp. ad Eurydice pulchra ad Palaemon serratus ad 

Apherusa ovalipes ad Galathea sp. juv Pariambus typicus ad 

Apherusa sp. ad Galatheidae sp. me Philocheras fasciatus ad 

Apseudopsis latreillii ad Gammarus sp. ad Philocheras trispinosus ad 

Astacilla longicornis ad Gastrosaccus spinifer ad Phoxichilidium femoratum ad 

Asterias rubens juv Gobiidae sp. juv Phtisica marina ad 

Athanas nitescens ad Haustorius arenarius ad Pilumnus hirtellus ad 

Atylus sp. ad Heteromysis formosa ad Pinnotheres pisum ad 

Atylus vedlomensis ad Hippolyte sp. ad Pisces sp. juv 

Bathyporeia elegans ad Hippolyte sp. juv Pisidia longicornis ad 

Bathyporeia pelagica ad Hippolyte varians ad Pleurobrachia pileus ad 

Bathyporeia pilosa ad Hippolytidae sp. ad Pleuronectiformes sp. juv 

Bathyporeia sarsi ad Idotea balthica ad Pontocrates arenarius ad 

Bathyporeia sp. ad Idotea linearis ad Porcellanidae sp. juv 

Bodotria scorpioides ad Idotea metallica ad Portumnus latipes juv 

Bougainvilliidae sp. ad Idotea pelagica ad Portunidae sp. juv + zo 

Calanoida sp. ad Idotea sp. ad Praunus flexuosus ad 

Calliopius laeviusculus ad Iphimedia obesa ad Processa edulis crassipes ad 

Callipallene brevirostris ad Jaera sp. ad Processa sp. ad 

Caprella linearis ad Jassa herdmani ad Pseudoprotella phasma ad 

Caridea sp. juv Jassa marmorata ad Pycnogonida sp. ad 

Cheirocratus intermedius ad Jassa sp. ad Schistomysis kervillei ad 

Cheirocratus sp. ad Lekanesphaera monodi ad Schistomysis ornata ad 

Clupeidae sp. la Leptomysis lingvura ad Schistomysis sp. ad 

Cnidaria sp. ad Leptomysis mediterranea ad Schistomysis spiritus ad 

Corophium arenarium ad Leucothoe incisa ad Sepiola atlantica ad 

Corophium sp. ad Listriella picta ad Siphonoecetes sp. ad 

Corophium volutator ad Maerella tenuimana ad Siriella armata ad 

Corynidae sp. ad Majidae sp. juv Siriella clausii ad 

Crangon crangon juv Melita palmata ad Siriella jaltensis ad 

Crangonidae sp. juv Mesopodopsis slabberi ad Stenothoe marina ad 

Ctenophora sp. ad Microprotus sp. ad Sunamphitoe pelagica ad 

Cyclopoida sp. ad Monocorophium acherusicum ad Urothoe poseidonis ad 

Decapoda sp. me Monocorophium insidiosum ad     
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  Reef x Location x Period   Reef x Location   Reef x Period 

Main test MS pseudo-F p value   MS pseudo-F p value   MS pseudo-F p value 

Median grain size (µm) 1582.3 5.27 0.026 
 

― ― ― 
 

― ― ― 

Mud content (%) ― ― ― 
 

141.8 11.8 0.0001 
 

― ― ― 

MPB (µg.g
-1

 sediment) ― ― ― 
 

0.19 5.67 0.016 
 

34.56 8.74 0.0025 

SPM (mg.L
-1

 water) ― ― ― 
 

64254 16.86 0.0012 
 

64254 16.86 0.0012 

Chla (µg.L
-1

 water) ― ― ― 
 

― ― ― 
 

272.12 4.88 0.0375 

  Reef   Location   Period 

Main test MS pseudo-F p value   MS pseudo-F p value   MS pseudo-F p value 

Total organic matter (%) 0.18 17.41 0.0001 
 

0.58 55.94 0.0001 
 

0.07 6.44 0.008 

 

  Reef x Location x Period   Reef x Location   Reef x Period 

Pair-wise test BMSM - S BMSM - A Boul - S Boul - A   BMSM Boul   Spring Autumn 

Median grain size (µm) 0.0001 0.0002 0.1991 0.9474 
 

― ― 
 

― ― 

Mud content (%) ― ― ― ― 
 

0.0001 0.1275 
 

― ― 

MPB (µg.g
-1

 sediment) ― ― ― ― 
 

0.5298 0.0014 
 

0.0007 0.9467 

SPM (mg.L
-1

 water) ― ― ― ― 
 

0.0163 0.03 
 

― ― 

Chla (µg.L
-1

 water) ― ― ― ― 
 

― ― 
 

0.0646 0.0096 
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   Variable Adj. R2 Pseudo-F p value Prop. Cumul 

Macrobenthos           

  L. conchilega dens. 0.14004 13.865 0.0001 0.15093 0.15093 

  Mud content 0.22105 9.1122 0.0001 0.08984 0.24077 

  Grain size 0.25631 4.6505 0.0003 0.04377 0.28455 

  SPM 0.28844 4.4322 0.0002 0.03992 0.32447 

  TOM 0.30225 2.4837 0.0112 0.02193 0.34641 

  Chl a 0.31378 2.2431 0.022 0.01948 0.36589 

  MPB 0.31632 1.2716 0.2434 0.011 0.3769 

Epibenthos 
     

  SPM 0.13645 5.1084 0.0002 0.16967 0.16967 

  Macro H 0.22836 3.9778 0.0029 0.11805 0.28772 

  Macro N 0.43200 9.6046 0.0001 0.20982 0.49754 

  Chl a 0.52240 5.3532 0.0001 0.09833 0.59588 

  TOM 0.55197 2.4521 0.0124 0.04225 0.63813 

  Grain size 0.58565 2.7069 0.0072 0.04313 0.68127 

Hyperbenthos 
     

  TOM 0.12465 4.4176 0.0002 0.16112 0.16112 

  Chl a 0.25446 5.0045 0.0002 0.15546 0.31658 

  SPM 0.43174 7.8636 0.0001 0.18619 0.50277 

  Grain size 0.50219 3.9719 0.0001 0.08238 0.58516 

  MPB 0.54569 2.915 0.0002 0.05517 0.64034 

  Macro S 0.57696 2.4043 0.0097 0.04237 0.68272 

  Macro N 0.59030 1.5861 0.1046 0.02707 0.70979 
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Addendum II 

Appendices to Chapter 5 

Cluster δ
13

C ± SD δ
15

N ± SD Species n Cluster δ
13

C ± SD δ
15

N ± SD Species n

1A -15.23 ± 0.17 15.64 ± 0.21 Pomatoschistus sp. 4 1B -14.47 ± 1.04 13.93 ± 1.06 Buccinum unda tum 1

2A -14.38 ± 0.39 14.02 ± 0.11 Crangon crango n 4 Crangon crango n 4

3A -17.74 ± 0.50 12.88 ± 0.59 Schistomysis kervillei 4 Dicentrarchus labrax 1

Lanice conchilega 1 Pomatoschistus sp. 4

Polyno inae sp. 3 Nepthys cirrosa 1

4A -15.71 ± 0.24 9.64 ± 1.22 Macoma balthica 3 2B -18.57 ± 1.60 9.81 ± 1.90 Coroph ium sp. 1

Nephtys sp. 1 Gammarus sp. 4

5A 18.75 ± 0.59 11.03 ± 0.68 Schistomysis kervillei 1 Gastrosaccus spinifer 3

Schistomysis spiritus 2 Idotea linearis 1

Lanice conchilega 3 Schistomysis kervillei 4

6A -19.33 ± 1.16 6.80 ± 1.94 Athana s nitescens 1 Syngna thus rostellatus 3

Gammarus sp. 5 Cerastoderma edule 4

Lekanespha era levii 2 Macoma balthica 3

Abludo melita obtusata 1 Oligochaeta sp. 1

Melita sp. 1

Schistomysis spiritus 1

Bathyporeia elegan s 1

Cerastoderma edule 1

7A -23.45 2.62 Lekanespha era levii 1

Cluster δ
13

C ± SD δ
15

N ± SD Species n Cluster δ
13

C ± SD δ
15

N ± SD Species n

1C -15.53 ± 0.25 14.71 ± 0.34 Atherina presbyter 1 1D -17.92 15.62 Loligo vulgaris 1

Loligo vulgaris 3 2D -15.54 ± 0.17 14.81 ± 0.16 Pomatoschistus sp. 4

Pomatoschistus sp. 4 3D -14.80 ± 0.34 13.33 ± 0.20 Crangon crango n 1

2C -16.95 ± 0.04 13.89 ± 0.75 Palaemon serratus 1 Pleuronectes platessa 2

Loligo vulgaris 1 Scoloplos armiger 1

3C -14.85 ± 0.39 13.99 ± 0.49 Crangon crango n 1 4D -13.56 ± 0.47 13.15 ± 0.29 Crangon crango n 2

Dicentrarchus labrax 1 Liocarcinus sp. 2

Solea solea 7 Platichthys flesus 1

4C -12.68 ± 0.62 13.27 ± 0.40 Crangon crango n 3 Portumnus latipes 2

5C -16.48 ± 1.25 10.48 ± 1.14 Buccinum unda tum 3 5D -11.75 12.12 Crangon crango n 1

Carcinus maenas 1 6D -17.65 ± 1.54 10.72 ± 1.70 Diogenes pug ilator 4

Diogenes pug ilator 3 Pleuronectes platessa 1

Rhizostoma pulmo 1 Pomatoschistus sp. 1

Gammarus sp. 2 Coroph ium volutator 1

Idotea balthica 2 Diastylis sp. 1

Idotea linearis 3 Gammarus sp. 4

Arenicola marina 1 Gastrosaccus spinifer 2

Cerastoderma edule 4 Idotea linearis 1

Lanice conchilega 4 Lekanespha era levii 2

Macoma balthica 4 Mesopodop sis slabb eri 3

Nephtys cirrosa 3 Philocheras trispinosus 2

Nereis sp. 1 Processa sp. 2

6C -19.76 ± 0.74 8.52 ± 0.74 Gammarus sp. 2 Schistomysis spiritus 3

Syngna thus rostellatus 1

Eualus cranchii 4

Macoma balthica 2

Nephtys cirrosa 3

Scoloplos armiger 1

Reef

Spring

Control

Autumn

Reef Control
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Cluster δ
13

C ± SD δ
15

N ± SD Species n Cluster δ
13

C ± SD δ
15

N ± SD Species n

1E -18.18 ± 2.10 12.19 ± 2.16 Carcinus maenas 3 1F -17.44 ± 1.30 11.90 ± 2.81 Ammody tidae sp. 4

Carcinus maenas juv. 1 Carcinus maenas 4

Crangon crango n 4 Psammechinus miliaris 1

Pleuronectes platessa 1 Crangon crangon juv. 3

Pomatoschistus sp. 2 Gastrosaccus spinifer 1

Gammarus sp. 1 Mesopodop sis slabb eri 2

Mesopodop sis slabb eri 4 Pleuronectidae sp. 1

Pleuronectidae juv. 4 Schistomysis kervillei 1

Pleuronectidae larvae 4 Syngna thus rostellatus 1

Syngna thus rostellatus 1 Nepthys cirrosa 2

Lanice conchilega 3

Pholoe minuta 1

Phyllodo ce mucosa 1

Polyno inae sp. 4

Autumn

Cluster δ
13

C ± SD δ
15

N ± SD Species n Cluster δ
13

C ± SD δ
15

N ± SD Species n

1G -16.71 ± 1.01 13.99 ± 0.78 Carcinus maenas 4 1H -16.59 ± 1.10 13.72 ± 0.90 Actiniaria sp. 1

Crangon crango n 4 Ammody tidae sp. 1

Dicentrarchus labrax 4 Buccinum unda tum 1

Echiichthys vipera 1 Carcinus maenas 5

Pleuronectes platessa 2 Crangon crango n 4

Pomatoschistus microps 4 Dicentrarchus labrax 2

Pomatoschistus sp. 4 Echiichthys vipera 1

Scopthalmus rhombus 1 Liocarcinus sp. 3

Sprattus sprattus 1 Pleuronectes platessa 7

Arenicola marina 1 Pomatoschistus microps 3

Glycera alba 2 Pomatoschistus sp. 10

Lumbrineris sp. 1 Scopthalmus rhombus 4

Phyllodo ce mucosa 1 Gastrosaccus spinifer 1

2G -17.70 ± 0.13 11.02 ± 0.89 Lanice conchilega 1 Praunu s flexuosus 1

Nephtys cirrosa 2 Eualus cranchii 1

Phyllodo ce mucosa 1 Nephtys cirrosa 3

Urothoe poseidon is 1 2H -21.30 ± 0.92 9.16 ± 1.72 Liocarcinus sp. juv. 1

3G -20.30 ± 0.44 9.98 ± 0.09 Lanice conchilega 1 Gammarus sp. 1

Urothoe poseidon is 2 Gastrosaccus spinifer 2

4G -19.23 ± 0.15 10.33 ± 0.11 Lanice conchilega 2 Nototropis swammerdamei 3

Notomastus sp. 1 Eurydice pulchra 1

Urothoe sp. juv. 4

5G -19.72 10.71 Urothoe poseidon is 1

6G -23.29 8.2 Venerupis sp. 1

Spring

Reef Control

Reef Control



   

179 

 

Addendum III 

Appendices to Chapter 6 

Compartment Abbr. Control Reef Control Reef Control Reef Control Reef

Microphytobenthos (Primary producer) MICPHY 43.70 38.40 18.21 41.52 11.32 21.98 32.23 144

Phytoplankton (Primary producer) PHYTOP 2.17 1.19 15.14 16.36 1.10 1.24 7.19 14.37

Lanice conchilega (Polychaeta) LANCON 0 6189 0 3203 0 18225 0 22212

Arenicola marina (Polychaeta) AREMAR 17.81 1752 0 284 0 378 4.56 0

Capitella capitata (Polychaeta) CAPCAP 0.0733 0.5892 0.2886 0.8240 0 15.55 0 8.41

Eumida sanguinea (Polychaeta) EUMSAN 0 1 0 3.29 0 6.77 0 112

Heteromastus filiformis (Polychaeta) HETFIL 0.9427 0.8031 0.2619 1.12 0 15.28 0 14.52

Nephtys cirrosa (Polychaeta) NEPCIR 6.92 0.9427 13.50 0.7856 11.57 9.95 14.11 20.16

Nephtys hombergii (Polychaeta) NEPHOM 3.30 65.96 0 40.33 0 0 0.2619 0

Nereis sp. (Polychaeta) NERESP 0 0 0 0 0 18.70 0 22.78

Notomastus latericeus (Polychaeta) NOTLAT 0 1 0 0.0524 0 1.45 0 8.48

Phyllodoce mucosa (Polychaeta) PHYMUC 0 0.3142 0 1.31 0 4.90 0 28.01

Pygospio elegans (Polychaeta) PYGELE 0.1047 0.1571 0 0.0471 0 15.01 0 0.8607

Scolelepis squamata (Polychaeta) SCOSQU 0 0.1047 0 0 0 0 0.8249 0

Scoloplos armiger (Polychaeta) SCOARM 13.09 0 5.50 0 0 0 0 0

Spio sp. (Polychaeta) SPIOSP 0.0419 0.0209 0.2933 0.0524 0.0524 0.0209 0.2374 0.6285

Spiophanes bombyx (Polychaeta) SPIBOM 0.1571 0 0 0 0.5106 1.61 0 1.41

Tellina tenuis (Bivalvia) TELTEN 22.58 0 12.76 0 0 23.61 0 0

Cerastoderma edule (Bivalvia) CEREDU 0 7535 165 4380 0 0 0 0

Macoma balthica (Bivalvia) MACBAL 44.16 1477 47.82 610 0 0.6104 0 0

Eurydice pulchra (Isopoda) EURPUL 0 0 0 0 0.7110 0.0970 0.0970 4.75

Idotea balthica (Isopoda) IDOBAL 0.1409 0.0470 0 0 0 0 0 0

Idotea linearis (Isopoda) IDOLIN 0.0046 0.0563 0.0498 0.0528 0 0 0 0

Lekanesphaera monodi (Isopoda) LEKMON 0 2.04 0.5845 0.7758 0 0.3876 0 0

Gammarus sp. (Amphipoda) GAMMSP 0.0209 0.0189 0.1334 0.0879 0.0006 0.0087 0 0.0031

Urothoe poseidonis (Amphipoda) UROPOS 0.8310 3.79 0.7031 3.27 0.1278 28.69 0 35.85

Urothoe sp. juvenile (Amphipoda) UROJUV 0 0.2216 0.4261 0.5199 0 19.29 0.0639 3.79

Gastrosaccus spinifer (Mysida) GASSPI 0.0011 0.0064 0.0547 0.0008 0.0014 0.0001 0.0031 0.0005

Mesopodopsis slabberi (Mysida) MESSLA 0.0800 0.7721 0 0.0040 0 0.0006 0.0108 0.4817

Schistomysis kervillei (Mysida) SCHKER 0.0205 0.0053 0.1856 0.0885 0.0002 0 0.0006 0.0120

Schistomysis spiritus (Mysida) SCHSPI 0.0826 0.0474 0.0024 0.0042 0 0.0003 0.0004 0.0002

Carcinus maenas (Decapoda) CARMAE 0.0101 25.21 0.0079 0.6164 1.15 7846 187 848

Crangon crangon (Decapoda) CRACRA 0.9724 1.41 0.5870 2.13 1.75 48.66 0.3323 4.09

Diogenes pugilator (Decapoda) DIOPUG 0.0073 0.0028 0 0 0 0 0 0

Palaemon serratus (Decapoda) PALSER 0 0.0084 0 0 0 0.0201 0 0

Pisidia longicornis (Decapoda) PISLON 0.0005 0.0016 0 0.0001 0.0004 0 0 0

Portumnus latipes (Decapoda) PORLAT 0.0734 0 0.0203 0.0008 0 0 0 0

Loligo vulgaris (Cephalopoda) LOLVUL 0.1153 0.0635 0 0 0 0 0 0

Dicentrarchus labrax (Osteichthyes) DICLAB 0 0 0.1372 0.5009 0.1173 0.2075 0 0.1013

Echiichthys vipera (Osteichthyes) ECHVIP 0.0054 0 0 0 0 0.4902 0 0

Platichthys flesus (Osteichthyes) PLAFLE 0 0 0 0.2039 0.2589 0.4539 0 0

Pleuronectes platessa (Osteichthyes) PLEPLA 0.1547 0 0.0721 0.6088 0.5657 2.56 0.2155 0

Pomatoschistus lozanoi (Osteichthyes) POMLOZ 0.5128 0.3179 0.1003 1.39 0.0635 0.0363 0 0

Pomatoschistus microps (Osteichthyes) POMMIC 0.0386 0.9581 0.0510 0.0627 0.0416 1.67 0 0.1949

Pomatoschistus minutus (Osteichthyes) POMMIN 0.1072 0.1708 0 0.0852 2.46 6.62 0 0.0240

Scophthalmus rhombus (Osteichthyes) SCORHO 0 0 0 0 0.1236 0.3678 0.1246 0

Solea solea (Osteichthyes) SOLSOL 2.10 1.79 0 0 0 0 0 0

Syngnathus rostellatus (Osteichthyes) SYNROS 0 0 0.0028 0.0035 0 0.0104 0 0.0009

Total biomass 160 17102 282 8593 32 26695 247 23485

BMSM Boulogne

Autumn Spring Autumn Spring
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δ

Compartment Abbr. Control Reef Control Reef Control Reef Control Reef

Microphytobenthos (Primary producer) MICPHY -14.08 -11.17 -9.74 -6.84 -19.58 -15.38 -12.67 -16.51

Phytoplankton (Primary producer) PHYTOP -21.29 -21.39 -21.40 -21.48 -23.53 -23.63 -21.15 -20.51

Lanice conchilega (Polychaeta) LANCON — -17.40 — -18.55 — -18.99 — -18.02

Arenicola marina (Polychaeta) AREMAR -15.94* -15.94 — -15.94* — -17.27 -17.27* —

Capitella capitata (Polychaeta) CAPCAP -16.93† -16.93† -16.93† -16.93† — -16.93† — -16.93†

Eumida sanguinea (Polychaeta) EUMSAN — -16.27† — -16.27† — -16.27† — -16.27†

Heteromastus filiformis (Polychaeta) HETFIL -19.27‡ -19.27‡ -19.27‡ -19.27‡ — -19.27‡ — -19.27‡

Nephtys cirrosa (Polychaeta) NEPCIR -16.56 -16.21 -15.88 -15.88* -16.33 -17.61 -16.59 -16.59*

Nephtys hombergii (Polychaeta) NEPHOM -15.40* -15.40* — -15.40 — — -15.40* —

Nereis sp. (Polychaeta) NERESP — — — — — -15.41† — -15.41†

Notomastus latericeus (Polychaeta) NOTLAT — -19.27* — -19.27* — -19.27 — -19.27*

Phyllodoce mucosa (Polychaeta) PHYMUC — -18.10* — -18.23* — -18.10 — -18.23

Pygospio elegans (Polychaeta) PYGELE -16.25‡ -16.25‡ — -16.25‡ — -16.25‡ — -16.25‡

Scolelepis squamata (Polychaeta) SCOSQU — -16.25‡ — — — — -16.25‡ —

Scoloplos armiger (Polychaeta) SCOARM -16.25 — -16.25* — — — — —

Spio sp. (Polychaeta) SPIOSP -16.25‡ -16.25‡ -16.25‡ -16.25‡ -16.25‡ -16.25‡ -16.25‡ -16.25‡

Spiophanes bombyx (Polychaeta) SPIBOM -16.25 — — — -16.25 -16.25 — -16.25

Tellina tenuis (Bivalvia) TELTEN -15.32‡ — -15.94‡ — — -15.32‡ — —

Cerastoderma edule (Bivalvia) CEREDU — -17.03 -18.50 -18.42 — — — —

Macoma balthica (Bivalvia) MACBAL -15.32 -15.32 -15.94 -15.81 — -15.32* — —

Eurydice pulchra (Isopoda) EURPUL — — — — -20.70 -20.70* -20.70* -20.70*

Idotea balthica (Isopoda) IDOBAL -17.52* -17.52 — — — — — —

Idotea linearis (Isopoda) IDOLIN -16.61 -15.49 -19.39 -19.39* — — — —

Lekanesphaera monodi (Isopoda) LEKMON — -17.63* -21.22* -21.22 — -17.63* — —

Gammarus sp. (Amphipoda) GAMMSP -19.17 -18.99 -20.49 -19.71 -21.07 -21.07* — -19.48

Urothoe poseidonis (Amphipoda) UROPOS -19.66* -19.66* -19.66* -19.66* -19.66* -19.66 — -19.66*

Urothoe sp. juvenile (Amphipoda) UROJUV — -19.21* -19.21* -19.21* — -19.21 -19.21* -19.21*

Gastrosaccus spinifer (Mysida) GASSPI -18.57 -18.57* -19.76 -19.76* -20.78 -20.78* -17.62 -17.62*

Mesopodopsis slabberi (Mysida) MESSLA -17.54 -17.54* — -17.54* — -16.86* -17.23 -16.86

Schistomysis kervillei (Mysida) SCHKER -17.59* -18.05* -17.59 -18.05 -16.91* — -16.91 -16.91*

Schistomysis spiritus (Mysida) SCHSPI -16.61 -16.61* -18.78* -18.78 — -16.61* -18.78* -18.78*

Carcinus maenas (Decapoda) CARMAE -18.17* -18.17 -18.17* -18.17* -16.62 -16.49 -16.08 -16.05

Crangon crangon (Decapoda) CRACRA -13.14 -13.02 -13.30 -14.38 -16.39 -15.99 -17.13* -17.13

Diogenes pugilator (Decapoda) DIOPUG -16.74 -15.59 — — — — — —

Palaemon serratus (Decapoda) PALSER — -16.91 — — — -16.91* — —

Pisidia longicornis (Decapoda) PISLON -16.74‡ -15.59‡ — -15.59‡ -16.74‡ — — —

Portumnus latipes (Decapoda) PORLAT -13.70 — -13.70* -13.70* — — — —

Loligo vulgaris (Cephalopoda) LOLVUL -17.92 -16.05 — — — — — —

Dicentrarchus labrax (Osteichthyes) DICLAB — — -14.12 -14.12 -16.54 -16.73 — -16.73*

Echiichthys vipera (Osteichthyes) ECHVIP -17.31* — — — — -16.58 — —

Platichthys flesus (Osteichthyes) PLAFLE — — — -13.99* -13.99* -13.99* — —

Pleuronectes platessa (Osteichthyes) PLEPLA -15.51 — -15.51* -15.51* -15.96 -16.29 -24.99* —

Pomatoschistus lozanoi (Osteichthyes) POMLOZ -15.77 -15.32 -15.29 -15.23 -16.76 -16.38 — —

Pomatoschistus microps (Osteichthyes) POMMIC -15.77 -15.32 -15.29 -15.23 -16.76 -16.38 — -17.96

Pomatoschistus minutus (Osteichthyes) POMMIN -15.77 -15.32 — -15.23 -16.76 -16.38 — -17.96

Scophthalmus rhombus (Osteichthyes) SCORHO — — — — -16.58 -17.24 -16.58* —

Solea solea (Osteichthyes) SOLSOL -14.67* -14.67 — — — — — —

Syngnathus rostellatus (Osteichthyes) SYNROS — — -18.27 -18.27* — -17.59* — -17.59

BMSM Boulogne

Autumn Spring Autumn Spring

*
 δ

13
C value adopted from a different sampling area, season or location

‡
 δ

13
C value adopted from a taxonomically related species

†
 δ

13
C value adopted from the reference situation of a

13
C pulse-chase experiment (De Smet et al.  under review)
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This PhD thesis aims at improving our understanding of the structural and functional 
role of reefs constructed by the ecosystem engineer Lanice conchilega in natural soft 
substrate coastal ecosystems. This was achieved by keeping in mind a holistic 
approach regarding the formulation of the ecological hypotheses throughout the 
thesis. At �rst, the community and ecosystem ecology of L. conchilega was studied, 
followed by characterising trophic interactions taking place within the reef habitats 
and comprehensively combining ecosystem engineering and food webs. The general 
discussion combines the results of this thesis and discusses the role of L. conchilega 
reefs regarding the community composition, feedback e�ects, food web structure 
and carbon cycling in intertidal areas.
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