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Appendix 2.1: Monitoring and distribution of Pacific oysters in the Limfjorden 
and Isefjord 

Table A2.1. Estimates of Pacific oyster population biomass (tons) in the deep areas (> 3 m depth) in bi-
valve fishing area (Fiskerstyrelsen) of the Limfjorden from 2017 to 2022. Empty cells mean no sampling 
of that fishing area in that year. 

 
  

Fishing Area Number Area  Population Biomass (tons) 

Number Name Stations km2 2017 2018 2019 2020 2021 2022 
1 Nissum Bredning, Sydvest 47 49.79 40.4 23.5 19.0 2.5 27.4 27.9 

2 Nissum Bredning, Nordvest 40 46.00 44.1 58.4 51.9 53.5 78.7 99.4 

3 Nissum Bredning,Sydøst 17 20.11 0.0 5.8 0.0 1.1 0.0 4.3 

4 Nissum Bredning, Nordøst 17 19.34 0.8 0.0 0.0 21.0 3.6 21.9 

5 Venø Sund, Lavbjerg Syd 17 16.22 0.0 48.7 0.0 16.4 0.0 31.5 

6 Venø Sund, Lavbjerg Nord 29 30.02 30.8 5.0 28.9 9.3 32.5 38.1 

7 Venø Bugt, Nord 33 39.59 0.0 9.0 0.0 7.7 10.8 49.4 

8 Venø Bugt, Syd 33 31.87 26.7 34.4 98.7 15.6 208.8 215.0 

9 Kås Bredning 50 43.94 64.5 13.0 14.1 19.2 135.4 16.5 

11 Salling Sund, Syd 12 12.44 16.0 15.7 6.3 2.8 173.5 0.0 

12 Lysen Bredning 7 6.13 35.3 18.3 94.1 19.1 14.7 5.9 

13 Salling Sund, Nord 10 10.16 8.0 3.0 22.8 7.7 16.4 0.0 

15 Sønder Bredning 15 30.36 35.1 57.0 13.9 21.6 0.0 7.9 

16 Øster Bredning 11 46.21 0.0 0.0 0.0 0.0 23.7 0.0 

17 Risgårde Bredning, Vest 3 20.02 0.0 0.0 0.0 0.0  0.0 

18 Risgårde Bredning, Øst 4 22.72 0.0 0.0 0.0 0.0  0.0 

19 Hvalpsund 6 14.88 0.0 0.0 0.0 0.0  0.0 

20 Lovns Bredning, Vest 9 27.39 0.0 0.0 0.0 0.0 0.0 0.0 

21 Lovns Bredning, Øst 14 23.27 0.0 0.0 0.0 0.0 0.0 0.0 

23 Mors, Vest 3 12.61 8.4 0.0 0.0 0.0  0.0 

24 Nees Sund 2 6.47 0.0 0.0  0.0  0.0 

25 Visby Bredning 1 19.14 0.0 0.0  0.0  0.0 

26 Dragstrup Vig 1 18.30 0.0 0.0  0.0  0.0 

27 Vilsund 2 12.04 0.0 0.0  0.0  0.0 

28 Thisted Bredning, Vest 8 32.59 0.0 0.0  0.0  0.0 

30 Thisted Bredning, Sydøst 7 27.48 0.0 0.0  0.0  0.0 

32 Feggesund / Hovsør Havn 8 14.04 0.0 0.0  0.0 23.1 26.7 

33 Løgstør Bredning, Vest 35 40.51 1001.4 512.3 1012.7 490.9 495.6 189.0 

34 Løgstør Bredning 20 50.37 553.9 668.5 1436.5 631.4 199.0 78.9 

35 Livø Bredning, Vest 21 46.26 0.0 20.7 47.9 0.0 8.4 30.0 

36 Livø Bredning, Øst 18 36.21 0.0 116.5 7.4 39.9 35.4 44.5 

37 Bjørnsholm Bugt 13 35.76 12.8 0.0 0.0 13.4 7.4 0.0 

38 Løgstør Bredning, Øst 15 34.23 6.9 0.0 0.0 0.0 18.0 43.3 

39 Løgstør Grunde 10 34.67 0.0 0.0 3.7 0.0 0.0 0.0 



  

Table A2.2 Location of shore sites surveyed in 2019 and 2020 in the Limfjorden. 
 

2019:  
Station number Basin Fishing Area Latitude Longitude N 

DSC Salling Sund 13 56.7907 8.87469 9 

1 Thisted 32 56.9754 8.92 15 

2 Løgstør 33 56.9748 8.934 9 

4 Løgstør 33 56.9451 8.90807 9 

6 Livø 35 56.9119 8.91426 9 

9 Dråby 14 56.8829 8.84245 15 

Dråby Vig Dråby 14 56.8658 8.82817 15 

13 Dråby 14 56.8306 8.84411 11 

14 Dråby 14 56.8105 8.86758 13 

15 Kås 9 56.6823 8.70587 15 

Hesterørøddevej Agerø 23 56.6701 8.64911 15 

18 Kås 9 56.6922 8.76948 15 

20 Salling Sund 11 56.7109 8.77634 15 

Salling Sund B Salling Sund 11 56.7307 8.81457 15 

Salling Sund A Salling Sund 11 56.7483 8.83254 15 

26 Agerø 23 56.7051 8.61664 13 

27 Agerø 23 56.7201 8.62577 9 

28 Agerø 24 56.7236 8.57441 9 

29 Thisted 30 56.9384 8.84028 8 

31 Thisted 30 56.9034 8.81576 8 

33 Thisted 28 56.8933 8.7475 9 

34 Thisted 28 56.8895 8.73329 7 

35 Thisted 28 56.8877 8.68596 7 

37 Visby-Vilsund 27 56.8828 8.64011 6 

39 Visby-Vilsund 27 56.8628 8.64734 5 

40 Visby-Vilsund 27 56.8385 8.64056 15 

42 Visby-Vilsund 27 56.8325 8.63126 9 

44 Visby-Vilsund 26 56.8178 8.64483 9 

46 Visby-Vilsund 26 56.8106 8.66562 15 

47 Visby-Vilsund 26 56.7922 8.61436 13 

50 Visby-Vilsund 25 56.7742 8.55187 11 

51 Visby-Vilsund 25 56.7575 8.55734 9 

53 Visby-Vilsund 25 56.7387 8.50447 9 

Branden Sønder 15 56.797 9.02607 15 

55 Sønder 15 56.802 8.96284 15 

56 Salling Sund 13 56.7805 8.91959 9 

57 Salling Sund 13 56.7516 8.86807 15 

59 Salling Sund 11 56.7228 8.83758 15 

Harre Vig Lysen 12 56.7091 8.89731 13 

Lysen Bredning Lysen 12 56.687 8.84077 22 

63 Øster 16 56.8021 9.06298 15 

64 Øster 16 56.7891 9.10377 15 

65 Livø 35 56.8436 9.06809 15 



 
 

      
2020: 

Station number Basin Fishing Area Latitude Longitude N 

66 Livø 35 56.8391 8.97772 15 

68 Kås 9 56.6786 8.78953 9 

70 Kås 9 56.6322 8.742 12 

72 Venø Sund 6 56.6076 8.68916 9 

73 Venø Bugt 7 56.5684 8.74249 9 

74 Venø Bugt 7 56.5194 8.74044 12 

75 Venø Bugt 8 56.4713 8.68527 11 

Struer Venø Bugt 8 56.4997 8.61219 16 

77 Venø Sund 5 56.5445 8.57332 9 

78 Venø Sund 6 56.5844 8.54433 9 

79 Venø Sund 6 56.6133 8.59229 10 

80 Nissum 4 56.5625 8.55465 9 

81 Nissum 1 56.5473 8.49743 1 

82 Nissum 1 56.5577 8.47052 8 

83 Nissum 10 56.5693 8.30642 12 

84 Nissum 10 56.5872 8.30366 11 

86 Nissum Udf 56.6003 8.25048 1 

87 Nissum Udf 56.6254 8.23145 1 

89 Nissum 216 56.7464 8.25163 3 

90 Nissum 216 56.7696 8.28038 9 

91 Nissum 216 56.7573 8.29917 9 

92 Nissum 216 56.7193 8.31327 11 

93 Nissum 2 56.6922 8.34923 9 

94 Nissum 2 56.6812 8.35552 1 

95 Nissum 2 56.6704 8.40145 9 

96 Nissum 4 56.6368 8.47626 9 

97 Nissum 4 56.62 8.49722 9 

99 Nissum 4 56.5908 8.51465 11 

103 Agerø 24 56.7199 8.47371 1 

105 Visby-Vilsund 25 56.7939 8.48507 9 

107 Visby-Vilsund 27 56.8733 8.62627 9 

109 Thisted 28 56.9495 8.73148 11 

110 Thisted 30 56.9598 8.79121 1 

111 Thisted 32 56.9823 8.84069 1 

115 Venø Bugt 7 56.55 8.63247 12 

116 Venø Sund 5 56.5524 8.61214 12 

117 Venø Sund 5 56.5773 8.63494 11 

118 Kås 9 56.6503 8.6338 9 

119 Nissum 1 56.5772 8.39496 8 

Agger Tange Nissum 216 56.7209 8.25722 15 

Kommune Salling Sund 13 56.7917 8.85833 35 

Fur Øster 16 56.8068 9.02175 7 

Rønland Nissum Udf 56.6718 8.21792 16 

Rønland Nissum Udf 56.6699 8.21383 3 



  

Appendix 3.1: Student report: Automatic detection and estimation of sub-
merged oysters from drone images 
 
 

 



 
 



  



 
 



  

 
 
 
 
 



 
 



  



 
 



  



 
 



  



 
 



  



 
 



  



 
 



  



 
 



  



 
 



  



 
 



  



 
 



  



 
 



  



 
 



  



 
 



  



 
 



  



 
 



  



 
 



  



 
 



  



 
 



  



 
 



  



 
 



  



 
 

  



  

Appendix 3.2: Student report: Methods to estimate oyster coverage by using 
different algorithms 

 



 
 



  



 
 



  



 
 



  



 
 



  



 
 



  



 
 



  



 
 

 
 
 
 
  



  

Appendix 4.1: Genetic tables 

Glossary of terms used throughout the report, including the acronyms used. 
Term Acronym Definition 
Locus/Loci  A general term to refer to a location 

in the DNA 
Single Nucleotide Polymorphism SNP A base pair (C, T, G, A) in the DNA 

where there is variation within indi-
viduals of a population 

Linkage Disequilibrium LD Non-random association of two loci 
within the DNA, located or not 
close-by   

Wright’s FST FST Levels of genetic differentiation be-
tween two populations. E.g. FST=0, 
no differentiation; FST =1, two dis-
tinct isolated populations 

Effective population size Ne The number of individuals reproduc-
ing/genetically contributing to the 
next generation 

Wright’s FIS FIS Inbreeding coefficient of individuals 
in relation to the subpopulation 

Nei’s GST GST Measure of differentiation between 
population that is used to calculate 
relative migration between them  

Observed Heterozygosity He Proportion of heterozygous loci ob-
served in the DNA of an individual, 
averaged per population 

Allele richness AR The average number of variants per 
marker 

 
  



 
 

Table 1: Size measurements (length) per location for the corresponding age/size class. 
Location Size class Min. length (mm) Max. length (mm) 

Agger Tange 
0 9.47 18.44 
1 50.6 74 
3 120.74 168 

Branden 
1 20 60.12 
3 130.01 195 

Struer 
0 8.19 38.8 
2 100.23 102 
3 121.27 143.02 

Nykøbing Bugt 
0 23.72 35.35 
1 76.58 89.61 
3 130 185 

Sallingsund 
0 14.26 46.63 
1 66.75 118.95 
3 130.92 165 

Dråby 
0 14.95 36.96 
1 40.39 68.54 
3 140.29 189 

Nissum 3 90.15 113.37 

Løgstør 
2-3 94.86 139.39 
4 142.2 153.99 

Isefjord NA NA NA 

Lysen offshore 
1 70 95 
2 105 145 
3 150 195 

Hals 
1 50 95 
2-3 100 135 

Lysen 

0 30 45 
1 50 65 
1-2 70 85 
2-3 90 115 
4 120 165 

Netherlands 
0 46.56 58.99 
1 60.51 98.08 
2 102.55 135.59 

Sweden 1 60 90 

Wadden Sea 
0 21.37 35.99 
0-1 36.82 49.92 
1-2 70.27 89.58 

Norway 
1 85 99 
2 100 172 



 

Table 2: results of the relatedness analysis on the real data and simulated data for each sample location used for the study. Acronyms: Standard Deviation 
(SD); Standard Error (SE); Confidence Interval (CI). 

Location Type of data No. dryad (Real) Mean Relatedness SD Median SE Mean Relatedness CI Mean CI 25% Mean CI 97.5% 
Agger Tange Real 5253 -0.0104 0.1408 -0.0206 0.0019 -0.0019 -0.2704 0.2665 

Branden Real 5050 -0.0103 0.1365 -0.0175 0.0019 -0.0021 -0.2615 0.2572 
Dråby Real 2278 -0.0155 0.1327 -0.0192 0.0028 -0.0073 -0.2658 0.2511 
Hals Real 1891 -0.0171 0.1384 -0.0239 0.0032 -0.0095 -0.2719 0.2530 

Isefjord Real 378 -0.0393 0.1407 -0.0492 0.0072 -0.0305 -0.3023 0.2413 
Sallingsund Real 2628 -0.0145 0.1415 -0.0233 0.0028 -0.0064 -0.2749 0.2621 

Løgstør Real 780 -0.0270 0.1441 -0.0364 0.0052 -0.0202 -0.2945 0.2542 
Lysen Real 6903 -0.0088 0.1407 -0.0161 0.0017 -0.0007 -0.2655 0.2641 

Lysen Offshore Real 1378 -0.0198 0.1418 -0.0293 0.0038 -0.0124 -0.2702 0.2454 
Netherlands Real 1128 -0.0224 0.1368 -0.0307 0.0041 -0.0092 -0.2747 0.2563 

Nissum Real 1711 -0.0180 0.1385 -0.0237 0.0033 -0.0510 -0.3109 0.2090 
Norway Real 153 -0.0626 0.1206 -0.0746 0.0098 -0.0127 -0.2754 0.2500 

Nykøbing Bugt Real 1830 -0.0170 0.1452 -0.0224 0.0034 -0.0107 -0.2853 0.2639 
Struer Real 3828 -0.0122 0.1423 -0.0147 0.0023 -0.0049 -0.2799 0.2701 

Sweden Real 1128 -0.0227 0.1387 -0.0266 0.0041 -0.0139 -0.2855 0.2577 
Wadden Sea Real 8646 -0.0080 0.1388 -0.0185 0.0015 -0.0001 -0.2654 0.2651 
Agger Tange Simulations 499500 -0.0010 0.1307 -0.0079 0.0002 0.0057 -0.2424 0.2539 

Branden Simulations 499500 -0.0010 0.1294 -0.0082 0.0002 0.0062 -0.2402 0.2526 
Dråby Simulations 499500 -0.0010 0.1292 -0.0089 0.0002 0.0062 -0.2399 0.2523 
Hals Simulations 499500 -0.0010 0.1318 -0.0077 0.0002 0.0050 -0.2469 0.2569 

Isefjord Simulations 499500 -0.0010 0.1375 -0.0079 0.0002 0.0054 -0.2561 0.2669 
Sallingsund Simulations 499500 -0.0010 0.1338 -0.0077 0.0002 0.0053 -0.2501 0.2607 

Løgstør Simulations 499500 -0.0010 0.1362 -0.0070 0.0002 0.0046 -0.2540 0.2633 



 
 

  

Lysen Simulations 499500 -0.0010 0.1310 -0.0073 0.0002 0.0053 -0.2449 0.2555 
Lysen Offshore Simulations 499500 -0.0010 0.1303 -0.0085 0.0002 0.0068 -0.2394 0.2530 

Netherlands Simulations 499500 -0.0010 0.1308 -0.0090 0.0002 0.0061 -0.2423 0.2545 
Nissum Simulations 499500 -0.0010 0.1396 -0.0108 0.0002 0.0058 -0.2494 0.2611 
Norway Simulations 499500 -0.0010 0.1324 -0.0077 0.0002 0.0055 -0.2466 0.2577 

Nykøbing Bugt Simulations 499500 -0.0010 0.1355 -0.0065 0.0002 0.0044 -0.2543 0.2631 
Struer Simulations 499500 -0.0010 0.1336 -0.0077 0.0002 0.0048 -0.2503 0.2599 

Sweden Simulations 499500 -0.0010 0.1326 -0.0076 0.0002 0.0054 -0.2464 0.2573 
Wadden Sea Simulations 499500 -0.0010 0.1287 -0.0096 0.0002 0.0065 -0.2377 0.2508 

 
 



 

Appendix 7.1: Stakeholder interview questions 

 

 



 
 

  

 
 
 
 
 
 
 



 

 
 
 

 



 
 

  

Appendix 8.1: Tables mini-dredge assessment 

Table 1. Mini-dredge mean catch by weight (g/m2 dredged ±SE, N=18) in the dense and offshore areas. * Total by-catch is only live organisms, excluding rocks and 
shells. 

 

Total Catch/Bio-
mass 
(g/m2 ±SE) 

 
Pacific Oysters  
(g/m2 ±SE) 

 
By-catch 
(g/m2 ±SE) 

Catch  
 

Live Dead  Total* Vertebrates Bivalves Invertebrates Algae Shells 

Dense 1 579 (±140)  118.7 (±21.7) -  19.9 (±3.6) 0.02(±0.07) 6.0 (±1.0) 2.1 (±0.4) 11.9 (±2.7) 1 072.5 (±157.4) 

Offshore 822 (±109)  479.1 (±94.4) -  61.1 (±8.6) 0 37.5 (±5.4) 0.6 (±0.2) 23.1 (±4.3) 47.9 (±19.5) 

 
 
 
 
Table 2. Mini-dredge mean catch (number/m2 dredged ±SE, N = 18) in the dense and offshore areas.  

  
Pacific Oysters  
(number/m2 ±SE) 

 By-catch  
(number/m2 ±SE) 

Catch  Live Dead Ind. Clumps 
Weight (g)  
per oyster   Vertebrates Bivalves Invertebrates Algae Shells 

Dense  0.86 (±0.1) 10.8 (±1.3) 0.58 (±0.1) 0.28 (±0.1) 145.7 (±12.7)  0.004 (±0.004) 4.8 (±0.9) 0.9 (±0.2) - - 

Offshore  2.08 (±0.4) 0.2 (±0.1)  1.41 (±0.2) 0.67 (±0.2) 216.5 (± 8.1)  0 3.0 (±0.4) 0.1 (±0.1) - - 

 
 



 

Table 3. Quadrat samples: Species richness (S, number of species), abundance (number of individ-
uals), Shannon’s diversity (H) and evenness (E) indices. A total of 6 species were identified, 5 in 
the dense population and 6 in the offshore population. Abundance was higher at the dense (N = 
481) than at the offshore population (N = 67). 
 

Quadrat Site Population Treatment S N H E 

I-2 Dense Impact 2 13 0.271189 0.391244 

I-3 Dense Impact 1 11 0 1 

I-6 Dense Impact 2 7 0.59827 0.863121 

I-8 Dense Impact 3 33 0.645196 0.587283 

I-10 Dense Impact 3 18 0.854415 0.777722 

I-12 Dense Impact 3 13 0.535961 0.487853 

I-13 Dense Impact 1 13 0 1 

I-14 Dense Impact 3 19 0.536665 0.488493 

I-15 Dense Impact 2 31 0.142506 0.205593 

C-19 Dense Control 3 53 0.645325 0.5874 

C-20 Dense Control 3 27 0.683739 0.622366 

C-21 Dense Control 3 11 0.93477 0.850864 

C-22 Dense Control 2 30 0.610864 0.881291 

C-23 Dense Control 2 23 0.178845 0.258019 

C-24 Dense Control 3 13 0.858741 0.78166 

C-25 Dense Control 3 27 0.914622 0.832525 

C-26 Dense Control 1 91 0 1 

C-27 Dense Control 4 48 0.821256 0.592411 

C-28 Offshore Control 2 4 0.562335 0.811278 

C-29 Offshore Control 1 1 0 1 

C-30 Offshore Control 3 5 0.950271 0.864974 

C-31 Offshore Control 4 5 1.316787 0.949861 

C-32 Offshore Control 0 0 0   

C-33 Offshore Control 3 8 0.900256 0.819448 

C-34 Offshore Control 0 0 0   

C-35 Offshore Control 2 2 0.693147 1 

C-36 Offshore Control 1 2 0 1 

I-37 Offshore Impact 1 1 0 1 

I-38 Offshore Impact 1 5 0 1 

I-39 Offshore Impact 1 3 0 1 

I-40 Offshore Impact 1 1 0 1 

I-41 Offshore Impact 1 1 0 1 

I-42 Offshore Impact 1 3 0 1 

I-43 Offshore Impact 2 7 0.59827 0.863121 

I-44 Offshore Impact 1 5 0 1 

I-45 Offshore Impact 4 14 0.754997 0.544615 
 



 
 

  

Table 4. Quadrat samples: Species richness (S, number of species), abundance (number of individ-
uals), Shannon’s diversity (H) and evenness (E) indices. A total of 55 species were identified, 44 in 
in the reef/dense population and 39 in the offshore population. Abundance was higher at the 
reef/dense (N = 3279) than at the offshore population (N = 787). 
 

Core Site Population Treatment  S N H E 
Site 01 Reef=Dense Impact 19 164 2.393919 0.813031 
Site 04 Reef=Dense Impact 14 142 2.084983 0.790048 
Site 05 Reef=Dense Impact 12 86 1.972851 0.793934 
Site 07 Reef=Dense Impact 14 96 2.175183 0.824227 
Site 09 Reef=Dense Impact 14 195 2.046378 0.77542 
Site 11 Reef=Dense Impact 13 108 2.179207 0.84961 
Site 16 Reef=Dense Impact 17 115 2.268109 0.800543 
Site 17 Reef=Dense Impact 11 94 1.887749 0.787253 
Site 18 Reef=Dense Impact 17 161 2.155846 0.760919 
Site 43 Reef=Dense Control 16 223 2.016901 0.727443 
Site 46 Reef=Dense Control 15 201 1.956279 0.722394 
Site 47 Reef=Dense Control 17 189 2.428579 0.857182 
Site 50 Reef=Dense Control 17 233 1.765946 0.623302 
Site 50b Reef=Dense Control 18 85 2.38499 0.82515 
Site 51 Reef=Dense Control 18 206 2.004137 0.693384 
Site 52 Reef=Dense Control 17 262 2.035871 0.718573 
Site 53 Reef=Dense Control 14 163 1.99881 0.757396 
Site 54 Reef=Dense Control 20 556 1.874846 0.625839 
Site 55 Offshore Control 11 79 1.956851 0.81607 
Site 56 Offshore Control 6 37 1.463133 0.81659 
Site 57 Offshore Control 15 48 2.449985 0.904705 
Site 58 Offshore Control 9 31 1.920454 0.874036 
Site 59 Offshore Control 9 26 2.118272 0.964067 
Site 60 Offshore Control 6 40 0.854253 0.476767 
Site 61 Offshore Control 14 134 1.521575 0.57656 
Site 62 Offshore Control 12 71 1.923498 0.774073 
Site 63 Offshore Control 10 26 1.957888 0.8503 
Site 64 Offshore Impact 8 16 1.808046 0.869486 
Site 65 Offshore Impact 9 19 2.068885 0.94159 
Site 66 Offshore Impact 9 22 1.893284 0.861671 
Site 67 Offshore Impact 8 28 1.807682 0.869311 
Site 68 Offshore Impact 13 41 2.121785 0.827223 
Site 69 Offshore Impact 8 22 1.873965 0.901186 
Site 70 Offshore Impact 10 29 2.087942 0.906782 
Site 71 Offshore Impact 16 91 2.306529 0.831904 
Site 72 Offshore Impact 9 27 1.951529 0.888179 

 
 



 

Appendix 8.2: Tables floating escavator assessment 

Table 1. Excavator catches by weight (kg/m2 or g/m2 ±SE, N=3) in the low, medium and high-density areas. * Total by-catch is only live organisms, excluding rocks 
and shells. 

 
Total Catch 
(kg/m2) 

 Pacific Oysters  
(kg/m2) 

 By-catch 
(g/m2 ±SE) 

 Shells 
(kg/m2) 

Stones 
(kg/m2) 

Density  
 

Live Dead  Total* Fish Bivalves 
Other 
Invertebrates Algae   

 

Low 
9.4  
(±2.6) 

 
0.45  
(±0.2) 

4.13  
(±1.1) 

 
40  
(±3) 

1.4  
(±0.8) 

8.1  
(±0.4) 

7.0  
(±3.1) 

23.7  
(±11.8) 

 2.3  
(±0.4) 

1.9  
(±1.6) 

Medium 
33.9  
(±1.7) 

 
0.41  
(±0.1) 

9.17 ( 
±2.1) 

 
1,565  
(±661) 

0.7  
(±0.5) 

7.2  
(±0.7) 

140.5  
(±90.6) 

1,374  
(±579) 

 8,7  
(±7.5) 

15.4  
(±7.7) 

High 
57.1  
(±3.7) 

 
7.31  
(±2.9) 

20.53  
(±1.7) 

 
4,318  
(±916) 

4.4  
(±0.4) 

231  
(±144) 

765.9  
(±198.8) 

3,227  
(±628) 

 50.7  
(±3.3) 

0.1  
(±0.1) 

 
Table 2. Excavator catches by number (number/m2 ±SE, N=3) in the low, medium and high density areas. * Total by-catch is only live organisms, excluding rocks 
and shells. 

 
Pacific Oysters  
(kg/m2) 

 By-catch 
(g/m2 ±SE) 

   

Density Live Dead  Total* Fish Bivalves 
Other 
Invertebrates    

 

Low 
2.77  
(±1.25) 

  
3.8  
(±1.6) 

0.33  
(±0.19) 

0.78  
(±0.44) 

2.67  
(±1.17) 

 
 

  

Medium 
2.44  
(±0.29) 

116.7 
(±22.4) 

 
34.1  
(±14.1) 

0.67 
(±0.51) 

7.23  
(±0.72) 

26.24  
(±13.92) 

 
 

  

High 
28.33  
(±7.06) 

170.2  
(±38.7) 

 
160.4  
(±41.1) 

4.42  
(±0.42) 

5.25 
(±3.12) 

142.2  
(±40.28) 

 
 

  

  



 
 

  

Table 3. Excavator catches: Species richness (S, number of species), abundance (number of individu-
als/m2), Shannon’s diversity (H) and evenness (E) indices. A total of 13 species were identified. Abun-
dance was higher at the high than in medium and low density areas (N = 566, 110, and 20, respectively). 
 

Plot Density Treatment Time S N H E 

H4 High Impact Before 7 248 1.18 0.61 

H5 High Impact Before 5 96 1.13 0.70 

H6 High Impact Before 7 223 1.21 0.62 

M7 Medium Impact Before 5 23 1.29 0.80 

M8 Medium Impact Before 5 65 0.79 0.49 

M9 Medium Impact Before 8 22 1.44 0.69 

L1 Low Impact Before 5 5 1.32 0.82 

L2 Low Impact Before 10 12 1.80 0.78 

L3 Low Impact Before 4 3 1.21 0.88 
 
  



 

Table 4. Control sites before impact: Species richness (S, number of species), abundance (number of in-
dividuals/m2), Shannon’s diversity (H) and evenness (E) indices. A total of 6 species were identified. 
Abundance was higher at the high and medium densities (N = 992 and 848, respectively) than at the low 
density area (N = 48). 
 

Plot Density Treatment Time S N H E 

CH1 High Control Before 6 320 1.37 0.77 

CH1 High Control Before 0 0 0.00   

CH2 High Control Before 3 176 0.99 0.91 

CH2 High Control Before 0 0 0.00   

CH3 High Control Before 1 208 0.00   

CH3 High Control Before 0 0 0.00   

CH4 High Control Before 4 288 1.12 0.81 

CH4 High Control Before 0 0 0.00   

CM1 Medium Control Before 3 240 0.63 0.57 

CM1 Medium Control Before 0 0 0.00   

CM2 Medium Control Before 1 96 0.00 1.00 

CM2 Medium Control Before 0 0 0.00   

CM3 Medium Control Before 2 96 0.69 1.00 

CM3 Medium Control Before 0 0 0.00   

CM4 Medium Control Before 3 416 0.96 0.87 

CM4 Medium Control Before 0 0 0.00   

CL1 Low Control Before 0 0 0.00   

CL1 Low Control Before 0 0 0.00   

CL2 Low Control Before 1 16 0.00 1.00 

CL2 Low Control Before 0 0 0.00   

CL3 Low Control Before 0 0 0.00   

CL3 Low Control Before 0 0 0.00   

CL4 Low Control Before 2 32 0.69 1.00 

CL4 Low Control Before 0 0.00 0.00   
 
  



 
 

  

Table 5. Control and impact sites 22 moths after impact: Species richness (S, number of species), abun-
dance (number of individuals/m2), Shannon’s diversity (H) and evenness (E) indices. A total of 16 species 
were identified. Abundance was higher at the control sites (N = 2800 and 1184) than at the impact sites (N 
= 768 and 400), except for low density areas due to the high abundance of amphipods (N = 1872) that ac-
counted for 80% of abundance in impact sites (N = 2336) but only 56% (N = 512) in control sites (N = 912). 

Plot Density Treatment Time S N Shannon Eveness 

CH1 High Control After 6 256 1.440235 0.80381 

CH1 High Control After 5 288 1.541833 0.957995 

CH2 High Control After 6 384 1.365307 0.761992 

CH2 High Control After 9 800 1.496298 0.680995 

CH3 High Control After 10 560 1.820509 0.790637 

CH3 High Control After 10 512 1.67936 0.729337 

H4 High Impact After 4 240 0.953271 0.68764 

H4 High Impact After 3 304 0.409459 0.372705 

H5 High Impact After 1 48 0   

H5 High Impact After 0 0 0   

H6 High Impact After 5 96 1.262084 0.784177 

H6 High Impact After 2 80 0.500402 0.721928 

CM1 Medium Control After 4 256 1.143275 0.824699 

CM1 Medium Control After 3 96 0.867563 0.78969 

CM2 Medium Control After 5 256 0.908909 0.564737 

CM2 Medium Control After 2 208 0.690186 0.995727 

CM3 Medium Control After 6 272 0.972745 0.542899 

CM3 Medium Control After 2 96 0.693147 1 

M7 Medium Impact After 2 64 0.562335 0.811278 

M7 Medium Impact After 2 224 0.257319 0.371232 

M8 Medium Impact After 0 0 0   

M8 Medium Impact After 1 16 0   

M9 Medium Impact After 1 16 0   

M9 Medium Impact After 1 80 0   

CL1 Low Control After 2 128 0.562335 0.811278 

CL1 Low Control After 1 112 0   

CL2 Low Control After 6 480 0.70591 0.393976 

CL2 Low Control After 1 16 0   

CL3 Low Control After 1 160 0   

CL3 Low Control After 1 16 0   

L1 Low Impact After 0 0 0   

L1 Low Impact After 1 144 0   

L2 Low Impact After 4 784 0.15885 0.114586 

L2 Low Impact After 2 272 0.251772 0.363231 

L3 Low Impact After 4 240 0.546741 0.39439 

L3 Low Impact After 6 896 0.357022 0.199258 
 
 



 

Table 6. SIMPER dissimilarity analyses at control sites before and 22 months after impact in high (top), 
medium (middle) and low density areas (bottom). 

Overall Average Dissimilarity: 79.03 
Taxon Av. dissim Contrib. % Cumulative % Mean After 

Mean 
Before 

Worms 12.04 15.23 15.23 3.94 0 

M. edulis 10.82 13.7 28.92 4.56 1.36 

C. gigas 10.27 13 41.92 3.92 0.841 

L. littorea 10.04 12.71 54.63 3.93 1.95 

Palaemon sp. or C. crangon 6.858 8.677 63.31 2.48 0 

Pomatoschistus minutus 6.167 7.803 71.11 2.22 0 

C. fornicata 5.212 6.595 77.71 1.59 1.41 

N. reticulata 4.201 5.315 83.02 1.12 0.874 

Isopoda 2.819 3.566 86.59 0.944 0 

Metridium senile  2.23 2.822 89.41 0.944 0 

C. maenas 2.031 2.57 91.98 0.583 0.437 

Amphipoda 1.86 2.354 94.33 0.788 0 

Patella vulgata/T testudinalis 1.134 1.435 95.77 0.472 0 

M. arenaria 1.115 1.411 97.18 0.472 0 

H. panicea 1.115 1.411 98.59 0.472 0 

Leptochiton sp. 1.115 1.411 100 0.472 0 
Overall Average Dissimilarity: 77.28 
Taxon Av. dissim Contrib. % Cumulative % Mean After 

Mean 
Before 

L. littorea 19.99 25.87 25.87 4.36 2.4 

Worms 19.9 25.75 51.61 2.96 0 

M. edulis 11.06 14.3 65.92 1.75 0.959 

C. gigas 10.45 13.52 79.44 1.89 0 

Pomatoschistus minutus 4.309 5.575 85.01 0.944 0 

N. reticulata 3.898 5.043 90.05 0 0.841 

Amphipoda 3.525 4.561 94.61 0.847 0 

C. fornicata 2.197 2.843 97.46 0 0.591 

M. arenaria 1.965 2.543 100 0.472 0 
Overall Average Dissimilarity: 99.58 
Taxon Av. dissim Contrib. % Cumulative % Mean After 

Mean 
Before 

Amphipoda 47.46 47.67 47.67 2.75 0 

L. littorea 21.36 21.45 69.12 1.37 0 

Worms 8.653 8.69 77.81 0.762 0 

C. gigas 7.535 7.567 85.38 0 0.708 

M. edulis 4.77 4.79 90.17 0.472 0.354 

Palaemon sp or C. crangon 3.174 3.187 93.35 0.732 0 

Pomatoschistus minutus 2.525 2.536 95.89 0.583 0 

C. maenas 2.046 2.055 97.95 0.472 0 

Isopoda 2.046 2.055 100 0.472 0 
 
 
 



 
 

  

Table 7. SIMPER dissimilarity analyses 22 months after excavator impact between control and impact sites in 
high (top), medium (middle) and low density areas (bottom). 

Overall Average Dissimilarity: 73.03 

Taxon Av. dissim Contrib. % Cumulative % Mean Control Mean Impact 

M. edulis 11.64 15.94 15.94 4.56 0.472 

Worms 10.01 13.7 29.64 3.94 0.472 

C gigas 8.802 12.05 41.7 3.92 0.944 

L. littorea 6.985 9.565 51.26 3.93 3.06 

Palaemon sp. or C. crangon 6.119 8.379 59.64 2.48 0.472 

Pomatoschistus minutus 5.745 7.868 67.51 2.22 0 

N. reticulata 5.089 6.968 74.48 1.12 1.77 

C. fornicata 4.065 5.566 80.04 1.59 0 

Isopoda 3.004 4.113 84.16 0.944 0.472 

C. maenas 2.337 3.2 87.36 0.583 0.472 

Metridium senile 2.111 2.891 90.25 0.944 0 

Amphipoda 1.761 2.412 92.66 0.788 0 

C. edule 1.119 1.533 94.19 0 0.472 

Patella vulgata/T testudinalis 1.073 1.469 95.66 0.472 0 

M. arenaria 1.056 1.446 97.11 0.472 0 

H. panicea 1.056 1.446 98.55 0.472 0 

Leptochiton sp. 1.056 1.445 100 0.472 0 

Overall Average Dissimilarity: 67.25 Av. dissim Contrib. % Cumulative % Mean Control Mean Impact 

Worms 17.58 26.14 26.14 2.96 0.472 

L. littorea 14.24 21.18 47.32 4.36 2.74 

C. gigas 10.21 15.19 62.5 1.89 0 

M. edulis 10 14.87 77.38 1.75 0 

Pomatoschistus minutus 4.268 6.347 83.72 0.944 0 

Amphipoda 3.504 5.211 88.93 0.847 0 

Isopoda 3.183 4.733 93.67 0 0.472 

C. edule 2.306 3.428 97.09 0 0.472 

M. arenaria 1.954 2.905 100 0.472 0 

Overall Average Dissimilarity: 73.69 

Taxon Av. dissim Contrib. % Cumulative % Mean Control Mean Impact 

Amphipoda 23.89 32.42 32.42 2.75 3.93 

L. littorea 14.28 19.38 51.8 1.37 0.829 

Worms 8.571 11.63 63.43 0.762 1.32 

Pomatoschistus minutus 8.498 11.53 74.97 0.583 1.64 

Isopoda 6.362 8.633 83.6 0.472 1.42 

Palaemon sp. or C. crangon 5.671 7.696 91.29 0.732 1.05 

C. maenas 3.307 4.488 95.78 0.472 0.472 

H. panicea 1.612 2.188 97.97 0 0.472 

M. edulis 1.496 2.03 100 0.472 0 

C. gigas 0 0 100 0 0 



 

Appendix 9.1: Gastronomic possibilities of large Pacific oysters 

Authors: Katla Hrund Björnsdóttir and Roberto Flore from DTU SkyLab FoodLab 
 

 
 
Several experiments were conducted both regarding opening and cooking large wild pacific oysters 
(C. gigas) (Figure 1) at DTU Skylab’s FoodLab in March and April of 2019. The over-all conclusion of 
the experiments was that by freezing the large oysters in the shell they are easily opened with con-
ventional shucking methods. Since the large oysters are not eaten raw or whole, freezing them did not 
cause a negative effect on the texture, although more research needs to be done here. The larger in-
dividuals contained algae in their digestive system which gave them an unpleasant look and texture 
for eating raw, but the algae gave the oysters a sweet fresh flavor that could be desirable in food addi-
tives and/or distilled beverages. Further research is needed to optimize recipes and pathogen re-
search needs to be conducted.  
 

 
Figure 1 An example of oyster clusters used in the experiments. To the left and right side of the photos, 
in centre an oyster of a size commonly served raw. 
 
The oysters were delivered to DTU Skylab on 22.03.19, alive and cooled in a closed foam box with 
wet paper to keep humid. All experiments, aside from the opening of fresh oysters, were performed 
with oysters that had previously been frozen un-shucked, thawed in a refrigerator at 5°C over night, 
shucked and cleaned at the same day as experiments were started. 
 
Opening of fresh live oysters 
At the same day as the oysters were delivered to Skylab an experiment was made on opening the 
oysters using a table vice and shucking knife. By applying pressure on the ventral and dorsal parts of 
the oyster it was possible to force the shell open enough to then use traditional shucking methods 
(Figure 2). This method however fractured and grinded the shell causing parts of the shell to get into 
the oyster which was difficult to clean out. 
 



 
 

  

 
Figure 2 A vice pressuring the ventral and dorsal parts of a single oyster in a cluster for opening. 
 
Cooking whole un-processed oysters 
Un-shucked oysters were steamed in a vacuum closed bag for 8 minutes at 80°C.  After steaming the 
oysters were immediately shucked and tasted for flavour and consistency. The taste of the plane 
meat was sweet with a strong algae flavour.  
The oysters had many algae in their digesting system (Figure 3), which gave them an unpleasant look 
and consistency. 

 
Figure 3 Algae in the digestion system of the oysters after cooking. 
 
Cooking marinated whole oysters 
Oysters were poached in a vacuum sealed bag at 80 °C for 3 minutes, immediately cooled down in an 
ice bath and marinated with a 4% marinade (6% sugar + 2.5% salt + 1.5% citric acid) for 30 minutes 
5°C. They were then dehydrated at 45°C for 3.5 hours and then roasted at 130°C for 10 minutes. 
The flavour was sweet but as with the un-processed oysters their digestive system was full of algae 
giving a large section of the oyster an unpleasing look and consistency for presentation (Figure 3).  
 
Freeze drying 



 

Four frozen oysters were freeze dried using BUCHI Lyovapor® L-200 and grinded to powder using a 
thermomixer from Vorwerk® (Figure 4) 
 

 
Figure 4 Freeze dried oysters after grinding. 
 
 
Drying whole oysters  
Both plain oysters and oysters marinated with 4% marinade for 30 minutes and over-night at 5°C and, 
with 8% and 12% marinade for 30 minutes at 5°C and dried at 75°C for 24 hours using Excalibur® 
Food Dehydrator. The total weight loss of the oysters was then calculated (Table 1). After drying they 
were grinded to powder using a thermomixer from Vorwerk® (Figure 5).  
 

 
Figure 5 The powders made from drying and grinding the oysters to powder. From the left: freeze dried, 
plain, 4% marinade, 8% marinade, & 12% marinade. 
 

Table 1 Weight loss of whole oysters from drying. 

Method Start weight Final weight  Weight loss % 

Plain 1 305 41.5 88.5 

Plain 2 240 35 85.4 

4% marinating 295 52 82.4 

4% marinating over night 246 43.5 82.3 

8% marinating 304 57 81.3 

12% marinating 295 59.5 79.8 

Average 280.8 48.1 83.3 

 



 
 

  

Drying minced oysters 
Oysters were minced using a Dynamic® master whisk and spread in a plastic container with three dif-
ferent thickness layers and dried overnight at 75°C and the total weight loss of the oysters calculated 
(Table 2). The final texture was a crisp plate of minced oysters (Figure 6).  
 

 
 

 

Table 2 Weight loss of minced oysters from drying. 

Method Start weight Final weight Weight loss % 

Plain #1 200 26 87.0 

Plain #2 300.5 39.5 86.9 

Plain #3 350 44 87.4 

Average 283.5 36.5 87.1 

 
 
Distilling oyster alcohol 
Approx. 100 gr of oysters, both whole and minced, were placed in a separate 500 mL 45% alcohol so-
lution at 5°C for 48 hours. After the 48 hours the alcohol was distilled using BUCHI Rotavapor® R-300 
rotary evaporator. The final solution where the whole oysters were used had a distinct salt-ocean fla-
vour whereas the solutions from the minced oysters had a distinct algae flavour. 
 
 

Figure 6 Dried, minced oysters. 
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