


7.6 Appendix 6: Maps of updated CSIRO Atlas of Regional Seas variables

Bottom water attribute Annual average Seasonal range

Temperature

Salinity

Oxygen

Silicate

Nitrate

Phosphate
Figure 32 Maps of the updated and re-gridded CSIRO Atlas of Regional Seas (CARS) variables, at 0.01 degree.
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7.7 Appendix 7: National assemblages trawl exposure and protection

Table 4 List of national assemblages, with areas (km?) for trawling and closures, in order of decreasing percentage
trawl footprint and total swept area and increasing closure, indicative of relative priority for future habitat ERAs.

Region Assemblage Area(km?) Cells trawled Total swept Footprint Trawl closed Reserve closed Total closed %Closed % Trawled % Swept Intensity

5 7 4,121 3,672 12,003 2,023 0 0 0 0.00 49.09 291.24 5.93
5 4 4,252 4,201 5,192 2,740 118 185 303 7.13 64.44 122.11 1.90
5 5 2,621 2,379 2,411 1,552 0 169 169 6.43 59.21 91.99 1.55
11 8 1,403 1,260 1,309 649 0 6 6 0.40 46.24 93.28 2.02
8 17 6,518 6,387 5,595 3,624 258 159 364 5.58 55.60 85.85 1.54
8 16 7,162 7,096 5,895 4,607 0 121 121 1.69 64.33 8231 1.28
9 2 4,105 2,862 3,925 1,833 1,020 4 1,020 24.84 44.65 95.63 2.14
5 8 2,827 2,737 2,264 1,571 0 15 15 0.52 55.58 80.07 1.44
8 22 6,994 5,565 5,972 3,160 1,293 419 1,512 21.61 45.18 85.39 1.89
11 18 4,958 3,045 4,595 2,001 612 1,793 1,860 37.53 40.35 92.69 2.30
5 5,311 5,263 3,757 2,096 0 18 18 0.33 39.46 70.74 1.79
5 1 2,309 1,769 1,601 781 130 714 741 32.12 33.81 69.33 2.05
11 17 4,805 3,355 3,195 1,541 1,080 1,424 1,470 30.61 32.06 66.50 2.07
5 9 3,251 2,841 1,533 1,092 9 0 9 0.28 33.60 47.14 1.40
7 21 20,739 13,890 9,444 7,108 109 1,455 1,564 7.54 34.27 45.54 1.33
1 3,768 1,858 1,685 820 792 3 795  21.09 21.76 44.71 2.05

8 21 5,538 4,377 2,518 1,654 1,520 377 1,544  27.89 29.87 45.47 1.52
11 5 9,415 7,706 3,883 2,804 124 2,339 2,340 24.85 29.78 41.24 1.38
11 4 9,178 6,871 3,253 2,460 8 1,990 1,990 21.68 26.81 35.45 1.32
11 1 16,773 13,295 5,617 3,726 80 3,155 3,230 19.25 22.21 33.49 1.51
5 11 4,569 3,917 1,391 1,350 0 5 5 0.11 29.56 30.45 1.03
5 2 4,473 3,874 1,385 1,116 0 55 55 1.23 24.96 30.97 1.24
5 10 4,599 3,447 1,321 1,278 308 0 308 6.71 27.79 28.72 1.03
10 1 15,105 7,546 5,715 2,771 1,946 7,387 7,404 49.02 1835 37.84 2.06
6 3 6,832 1,118 1,224 327 563 390 700 10.24 4.78 17.92 3.74
8 14 6,365 2,487 1,195 407 98 170 237 3.72 6.40 18.77 2.93
10 7 9,848 3,196 2,487 1,454 1,974 0 1,974 20.05 14.77  25.26 1.71
5 12 3,022 2,123 702 516 65 10 75 2.48 17.09 23.23 1.36
8 19 6,630 4,068 1,656 1,301 329 1,200 1,451 21.88 19.62 24.98 1.27
6 10 9,728 7,737 2,179 2,169 780 46 826 8.49 2230 22.40 1.00
8 15 5,097 1,169 887 427 112 354 465 9.13 8.38 17.41 2.08
8 13 14,289 3,982 2,097 856 726 1,484 2,207 15.45 599 14.68 2.45
2 6 19,890 12,156 3,864 3,034 94 83 177 0.89 15.25 19.43 1.27
11 23 5,473 1,967 681 308 11 152 152 2.78 563 1245 221
5 14 2,453 1,224 473 396 854 0 854  34.82 16.16 19.30 1.19
1 8,447 4,881 1,736 1,151 3,441 1,172 3,817 45.19 13.63  20.55 1.51

18 9,874 5,769 1,394 1,039 1,799 30 1,830 18.53 10.52 14.12 1.34

5 13 3,220 1,234 340 235 0 1 1 0.03 7.29 10.55 1.45
10 6 11,536 4,845 1,605 1,189 578 3,638 3,963 34.35 10.31 13.91 1.35
6 7 22,282 8,894 2,947 2,917 2,804 3,018 5,788  25.97 13.09 13.23 1.01
11 6 13,409 7,165 1,648 1,320 55 3,717 3,717  27.72 9.85 12.29 1.25
2 7 17,476 5,138 1,406 1,020 1 620 621 3.56 584  8.05 1.38
2 4 22,929 9,707 2,182 1,997 381 1,420 1,801 7.85 8.71 9.52 1.09
11 19 4,550 922 738 474 1,176 2,403 2,419 53.16 10.42 16.22 1.56
2 8 27,776 11,228 2,272 1,852 52 399 451 1.62 6.67 8.18 1.23
11 22 7,603 1,005 575 299 0 2,579 2,579 33.92 3.93 7.56 1.92
8 20 16,296 4,705 1,442 1,170 5 3,208 3,209 19.70 7.18  8.85 1.23
11 21 2,344 431 255 98 8 1,367 1,367  58.35 4.19 10.90 2.60
5 15 2,656 1,186 218 218 0 20 20 0.76 8.21 8.21 1.00
11 3 8,881 4,032 900 709 1,623 3,273 3,282 36.96 7.99 10.14 1.27
5 16 1,659 608 118 118 242 13 254 15.34 7.09 7.09 1.00
1 5 20,49 4,609 1,221 1,094 16 1,831 1,841 8.98 5.34 5.96 1.12
2 3 10,164 6,336 582 578 428 0 428 4.21 5.69 5.73 1.01
7 3 5,107 3,137 298 296 202 299 446 8.72 5.80 5.84 1.01
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0 3.41
5919, 78.92 8.49
4,399 59.42 7.39
2,229  56.22 11.45
726 34.81 6.72
2,026 3.56
1,101 3.33
2,062 24.32 4.37
19 2.74
3,867 0.95
1,909 13.37 3.31
3,468, 11.33 3.01
3,502 18.78 1.83
2,810 31.35 3.93
1,025 21.81 0.19
7,226 19.63 1.14
6,488 21.22 1.81

29 1.47
0 0.99
1,268 0.84

1,103 18.12 1.42

0 0.42
0 0.23
1,016 0.23

2,183 23.14 1.25
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1,570 8.98 0.27
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16,529
41,458
10,039
10,639
28,551
6,114
20,722
9,917
8,003
13,330
61,161
14,599
4,929
32,820
6,643
13,279
4,321
10,068
22,749
21,100
16,580
13,924
9,507
17,050
10,124
9,104
6,195
3,424
20,465
6,203
20,812
7,441
18,850
13,733
25,964
10,009
13,967
4,741
13,073
11,192
22,869
20,622
8,150
20,013
5,883
17,990
13,129
13,740
13,259
7,443
11,017
6,830
14,666
5,778
9,392

34 1 1 59 3,328 3,387 2049000060  1.00

4,667 477 477 1,063 12,149 12,469 3008 115 115  1.00
16 0 0 387 1,939 2,235 2226000100000 .00
1,002 87 87 2,483 1,655 3,003 2007 08 08 100
619 24 24 32 6,710 6742 2362 008 008 100
2,882 358 347 2,714 567 3281 5366 567 58 103
752 59 59 0 5,512 5512 2660 029 029 100
4 0 0 0 2,443 2,443 2463000000 000 100
509 28 25 2,603 0 2,603 3252 031 034 111
56 1 1 0 3,306 3,306 24.80- 1.00
593 18 18 4,475 11,373 15781 25.80 1.00
2,667 17 116 4,323 551 4727 3238 08 080  1.00
1,263 9 89 1,900 1,640 1911 3877 180 18 101
176 15 15 0 9,115 9,115 27.77- 1.00
2% 1 1 1,161 1,320 1,858 27.97 1.00
244 19 19 0 3,918 3918 2050 014 014  1.00
270 54 54 1,531 376 1564 3619 124 124 100
46 1 1 89 2,830 2,913 28.93- 1.00
16 3 3 0 7,263 7,263 3193 1.00
793 26 175 302 10357 10475 4964 083 112 134
160 4 4 3,551 2,395 5751 3468003003 100
1,142 707 335 2,384 10329 10330 7419 241 508 211
59 34 34 0 3,602 3,602 3789 036 036  1.00
768 128 123 2 7,156 7158 4199 072 075 104
1,775 128 128 1,929 3,562 4420 4366 126 126  1.00
152 2 2 3,395 1,031 3420 3757007003 003 100
376 19 19 2,306 141 2,446 3949 031 031 100
98 1 1 662 824 1,305 38.10 1.00

3 2 2 0 7,943 7,943  38.82 1.00

2 0 0 2,336 80 2,416  38.96 1.00

25 2 2 6,719 4,034 8219 39.49 1.00
111 1 1 1,498 3,086 3,086 4147 1.00
2,197 63 62 8,124 170 8287 439 033 033 103
3,804 408 392 2,543 7,590 7,500 5527  2.86 297 104
2,340 182 160 947 12,116 12,839 49.45 114
51 0 0 2,192 3,122 4,455 4451 1.00
265 14 14 5,397 1,538 6,351 45.47 1.00
37 3 3 1,664 985 2,19 46.33 1.00
9% 2 2 4,054 5,902 6,228 47.64 1.00
119 2 2 4,858 1,633 5378  48.05 1.00
10 3 3 423 10976 10,987 48.04 1.00

83 26 2% 0 10500 10,500 5092 012 012 107
2,814 167 165 4,673 1,252 4718 5789 202 205 102
1,703 20 193 2,873 11,501 11,501 57.47 097 110 114
538 19 113 3,398 367 3521 5985 192 202 105
3,730 949 766 7,781 13,034 13,036 72.47 . 1.24
116 6 6 4,934 3,134 6,915 52.67- 1.00

1 0 0 4,630 2,770 7,400 53.86 1.00

217 29 29 3,573 4,293 7394 5576 022 022 100
473 15 15 4,191 307 4199 5642 020 020 102

301 66 62 2,362 6,448 6,503 59.03 0.56

0 0 0 0 0 0
0 0 0 0 92 92
102 4 4 3,265 68 3,327 d

506 55 55 4,265 2,966 5690 60.58 0.59 0.59 1.00
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015 039
017 018 108
6237 009 009 100
7311 116 148 127
6757 021 023 112
64.46
32.67
35.95

11 20 9,995 161 3 3 63 5,928 5,928
6 8 15,428 40 1 1 7,577 2,249 9,230
3 8 13,088 0 0 0 443 3,163 3,163

11 14 5,435 102 21 8 1,796 4,713 4,713
8 4 11,849 429 21 20 6,362 1,292 7,613
1 16 33,370 537 30 30 30 20,783 20,813
9 3 6,783 318 100 79 4,958 1,373 4,958

11 15 6,943 542 16 14 2,788 4,671 4,691
4 17 8,195 1 1 1 0 5,282 5,282

10 12 8,320 0 0 0 2,718 0 2,718
4 5 6,643 0 0 0 0 2,388 2,388
8 7 9,904 315 11 11 6,694 561 6,740

11 12 15,230 2,003 325 250 8,870 11,813

10 10 6,158 194 7 4 152 4,848
3 3 14,604 0 0 0 0 5,862

10 9 6,865 6 1 1 4,728 0
7 17 12,162 91 4 4 7,270 2,444
8 8 12,146 1,386 9 9 7,170 1,906
8 26 7,829 1,815 108 105 5,932 537 6,061

10 3 8,526 354 32 18 2,882 7,599
9 15 9,281 0 0 0 1,683 4,395

11 16 5,916 478 16 16 3,909 4,613

11 9 16,121 1,715 195 141 3,150 14,090

11 26 4,829 76 1 1 1,106 3,812
1 2 10,055 322 10 10 6,266 2,709
7 16 18,523 40 2 2 14,302 3,842

10 14 3,899 0 0 0 1,860 2,450
5 18 2,301 277 13 13 1,975 248
7 8 21,700 2 0 0 14,646 15,371
6 9 16,060 1,007 249 226 14,283 190
8 10 5,808 196 5 5 5,180 6

11 2 6,475 84 20 20 4,963 5,843
4 12 8,075 0 0 0 0 5,696
9 10 9,060 18 5 5 8,550 6,154
6 5 14,298 0 0 0 8,972 7,694
1 12 37,991 435 32 32 34,492 26,655
3 2 10,144 9 0 0 0 9,853
1 13 32,379 1 1 1 31,215 21,705
3 4 17,845 4 0 0 0 17,591
8 12 7,791 24 11 11 7,731 33

11 13 11,954 30 1 1 12 11,927
3 12 64,958 1 0 0 1,597 64,926

10 13 2,139 0 0 0 1,617 1,794
3 9 5,736 0 0 0 2,638 5,201
3 11 35,095 0 0 0 63 34,123
3 6 40,527 0 0 0 2,330 39,712
3 5 22,993 0 0 0 1,207 22,550
9 18 1,014 0 0 0 566 996
3 13 15,948 0 0 0 7,764 15,875
8 11 3,653 0 0 0 3,642 0
9 9 6,887 0 0 0 6,695 1,078
3 10 21,275 0 0 0 3,131 21,275
3 14 10,408 0 0 0 37 10,408

| ALL| ALL| 2,923,734 408,338 154,216/ 100,190 458,209 838,351 1,108,855

77.41 1.35 1.38 1.03
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7.8 Appendix 8: Preliminary relative benthic status assessment

This appendix summarises, for the assemblages mapped herein, preliminary ‘relative benthic
status’ (RBS) assessment results for Australia from the related international Trawl Best Practice
(TBP) Project. While these results are preliminary they are relevant to the question of what is the
actual risk in the more exposed assemblages — in this case for the estimated overall status of
unconsolidated sedimentary habitats (mud, sand, gravel), based on the average sensitivity to
trawling of the typical benthic invertebrate faunal community common in such habitats. The RBS
method can also be applied to sensitive habitat-forming benthos; however, such application
requires distribution information for these biota that is lacking for most trawled assemblages (see
section 4.4.1). Thus, these RBS results do not address the status of sensitive habitats, so are not a
substitute for the recommended future research needs to address this lack of data.

RBS provides an estimate of the long-term equilibrium status of the benthos with current trawling
effort, relative to that with no trawling. The details of the RBS method are published in Pitcher et
al (2017). The parameters needed for RBS are grid-cell trawl swept-area ratio, per trawl depletion
rate d and logistic recovery rate r, and sediment grain size (% mud, % sand, % gravel: Figure 29).
The d and r values were estimated by the TBP meta-analysis (Hiddink et al 2017) and represent the
average d and r for the typical common benthos compositions in mud, sand and gravel habitats.
Depletion d differs by gear type (in Australia, this is mostly otter trawl) and also varies with
sediment because the depth of penetration P of gear into the sediment depends on the sediment
composition and d is related to P (see Fig. 2 in Hiddink et al 2017). The relationship between P and
sediment grain size composition is still in development — hence, the current results are
preliminary, but closely indicative.

As part of the TBP Project, RBS is being implemented for sedimentary habitats assessment for
Australia and ~20 other regions overseas. For TBP, the RBS results will be summarised at the scale
of large marine regions (five for Australia) and for shelf and slope areas within each region. Here,
preliminary grid-cell RBS results for Australia are summarised for each assemblage (Figure 33). In
this case, the upper confidence interval (Cl) for d and the lower Cl for r have been used, so the
assemblage mean RBS estimates are the lower Cl to be conservative / precautionary.

RBS directly uses the grid-cell trawl swept-area ratios, and thus takes into account both trawl
footprint and trawl intensity. Hence, unsurprisingly the RBS results reflect both the footprint map
(Figure 19) and the swept area map (Figure 20) in section 4.3. Nevertheless, there are differences
because RBS also takes into account the sediment habitat types, which have varying P and thus d,
and also r. Table 5 (below) lists regional assemblages that have the lowest average RBS values
(with threshold at RBS < 0.95). The same assemblages are towards the top of this list as in
Appendix 7.7, although in a slightly different order (refer to the regional maps Figure 8 to Figure
18 for the location of each assemblage).

Table 5 also provides additional RBS statistics including: prop100=the proportion of the
assemblage by area that is at 100% status; prop80=the proportion of the assemblage that is >80%
status; prop50=proportion >50% status; and propO=proportion at 0% status. These statistics for
benthic status can be used in various ways to support definitions of risk. For example, the EU
MSFD aims to achieve good environmental status (GES) by 2020; for “Sea-floor Integrity”
implementation, this could mean that >80% of each habitat should be in >80% status. The Marine

Putting potential environmental risk of Australia's trawl fisheries in landscape perspective: | 59



Stewardship Council has applied a similar 80% criterion and have been investigating
implementation of RBS for their assessments. A number of assemblages in the east (region#5),
southeast (#8) and northeast (#11) would not meet this 80% criterion even for these relatively
resilient sedimentary benthic habitats.

Sy

Latitude (°)

-~ 0.70 0.80 0.90 1.00
mean RBS

120 130 140 150
Longitude (°)

Figure 33 Preliminary mean relative benthic status (RBS) of sedimentary habitats for each assemblage; average of
the lower confidence interval (Cl) of RBS estimates for grid cells in each assemblage, calculated using the upper
confidence interval (Cl) for depletion (d) and the lower Cl for recovery (r).

RBS was not calculated here for sensitive benthic habitats because they tend to have more
specialised restricted distributions, which may or not overlap with trawling. Hence the
recommendation that distribution information for any sensitive habitat types is a priority in trawl
exposed assemblages. Had RBS been calculated for sensitive habitat types in a general way
without distribution information, their preliminary estimated status would have been
substantively lower than for sedimentary habitats, as a grid-cell swept-area ratio of only ~0.35
would extirpate such sensitive habitats, and grid-cell swept ratios <0.065 are necessary to
maintain sensitive habitats at >80%.
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RBS can be used to implement quantitative (level 3) ecological risk assessments (ERA) for habitats,
contingent on the availability of suitable habitat distribution information. Further, if such risk
assessments indicate that risk management is necessary, then a range of management
interventions may be possible and RBS can be used to evaluate the benefits for habitats of
alternative interventions.

Table 5 Preliminary mean sedimentary habitat RBS estimates for assemblages (average of the lower confidence
interval RBS estimate for each grid-cell), listed for assemblages with mean RBS < 0.95 only. Also including:
prop100=the proportion of the assemblage by area that is at 100% status; prop80=the proportion of the
assemblage that is >80% status; prop50=proportion >50% status; and propO=proportion at 0% status.

Region Assemblage meanRBS propl00 prop80 prop50 prop0

5 7 0.694 0.109 0.646 0.717 0.202
8 22 0.837 0.204 0.740 0.899 0.027
11 18 0.847 0.386 0.716 0.905 0.013
8 17 0.853 0.020 0.749 0.945 0.008
4 0.866 0.012 0.837 0.944 0.004

9 2 0.877 0.303 0.767 0.940 0.000
5 5 0.886 0.092 0.805 0.978 0.003
11 17 0.889 0.302 0.806 0.933 0.009
8 16 0.894 0.009 0.882 0.996 0.001
5 8 0.895 0.032 0.845 0.995 0.000
7 21 0.900 0.330 0.829 0.963 0.009
5 1 0.909 0.234 0.839 0.952 0.006
5 6 0.916 0.009 0.900 0.968 0.002
6 1 0.918 0.507 0.856 0.956 0.005
11 8 0.920 0.102 0.874 0.981 0.001
10 1 0.921 0.500 0.882 0.947 0.022
8 21 0.922 0.210 0.881 0.971 0.006
9 0.932 0.126  0.883  0.993 0.000

11 5 0.937 0.181 0.904 0.990 0.000
10 7 0.945 0.675 0.900 0.970 0.004
11 4 0.945 0.251 0.931 0.994 0.002
8 19 0.949 0.386 0.939 0.982 0.007
12 0.949 0.297 0960 0.988 0.004
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7.10 Appendix 10: Intellectual Property

Published, widely disseminated and promoted, and/or training and extension provided. Related products
and/or services developed. Relates mainly to outputs that will largely be available in the public domain, but
components may be commercialised or intellectual property protected.

Data collated by the project are existing IP and most have associated data agreements that do not permit
provision of data to third parties. In particular, fishing effort data are confidential and maps of fishing effort
cannot be made publicly available at the fine scale and detail used in this project.

All derived products produced by the project are expected to be unrestricted and thus made available in
the public domain.
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