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1. Purpose of paper 
This paper applies the method agreed by SC-05 to estimate the cumulative bottom impact 
of Australian and New Zealand bottom line fisheries since 2007. This information is part of 
the rationale for the development of different spatial management areas for bottom line 
and bottom trawl fisheries in the new Conservation and Management Measure for bottom 
fisheries being developed by Australia and New Zealand.  
 
 

2. Background  
Mormede et al. (2017, paper SC-05-DW-06) presented a method for estimating the 
cumulative bottom footprint and impact of bottom fishing gears based on the approach 
developed in CCAMLR (Sharp et al. 2009, Sharp 2010, Webber and McKinlay 2011, Webber 
2012). They used the method to derive a spatially explicit bottom trawl footprint and impact 
assessment in those parts of the SPRFMO Area historically fished for deepwater demersal 
species.  
 
Mormede et al. (2017) defined several terms: 

• The ‘footprint’ is defined as the area of the sea floor potentially contacted by bottom 
fishing gear. 

• The ‘footprint index’ is a measure of the size of the footprint per unit of fishing effort 
(i.e. per linear km of trawl).  

• ‘Impact’ is defined as the proportion of vulnerable benthic taxa that are damaged or 
destroyed by contact with bottom fishing gear within the area of the footprint.  

• Cumulative footprint and cumulative impact are defined to include the total 
footprint and impact of all individual fishing events over time. Because many 
deepwater VME taxa are very slow growing, this implementation of the method 
adopts the precautionary assumption that all impacts are permanent (i.e no 
recovery.) 

• Proportional footprint is the cumulative footprint of each cell divided by cell area. To 
estimate the effects of repeated fishing events in the same location, the method 
assumes random spatial overlap of subsequent trawl footprints within a spatial cell, 
and applies subsequent impacts only to the remaining un-impacted proportion of 
the vulnerable taxa, so that impacts are not double-counted (i.e. impact in a 
particular location can never exceed 100%). 

 
The start positions of trawl tows used by Mormede et al (2017) are shown in Figure 1. The 
few tows with estimated trawl track distances > 156 km (based on reported start and finish 
latitudes and longitudes were dropped from their analysis as they were likely position 
recording errors. Visual screening suggests that some positional errors remained in the 
database (i.e. the prevalence of long tows oriented directly N-S or E-W suggests positional 
start and end position errors) and they thought that some additional grooming would be 
beneficial. 
 

http://www.sprfmo.int/assets/SC5-2017/SC5-DW06-Spatial-impact-assessment-method.pdf
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Figure 1: Start position of the New Zealand trawl tows used in Mormede et al.’s analysis, separately for tows 
on UTF (Underwater Topographic Feature) and slope habitat. The 1000m depth contour is shown in grey and 
the NZ EEZ in black. 

 
 
 
Estimation of cumulative proportional footprint for trawl (directly from Mormede et al. 
2017): 

• Each tow was split into equal distance segments of about 100m length (the integer 
closest to the value of tow distance divided by 100 m), 

• Segment length was calculated based on the total length of the tow and the number 
of segments, 

• Each segment was then assigned a mid-point latitude and longitude, 

• Tows with identical start and end positions (19% of tows) represent short UTF tows; 
these were assigned to a single segment with a nominal length of 100m (see 
sensitivity below), 

• Tows with no end positions (0.5% of tows) were assigned to a single segment and a 
nominal distance of 100 m,  

• At each scale, each tow segment was assigned to a cell, 

• At each scale, each segment length was multiplied by the assumed trawl width 
(150 m, see Baird et al. 2011) to calculate the footprint area of each segment, then 
divided by the average cell area to estimate segment contribution to proportional 
footprint, 

• The proportional footprint of each cell (F) was calculated assuming random overlap 
between trawl segments, whereby: 

– 𝐹 = 𝐹1 + 𝐹2– (𝐹1 ∗ 𝐹2) for two segments 1 and 2, 
– then looped over all segments x: 
– 𝐹 = 𝐹 + 𝐹𝑥– (𝐹 ∗ 𝐹𝑥). 

• For example, if 50% of the cell has already been footprinted, a new segment of 10% 
proportional footprint will overlap by 50% with the existing footprint, and the 
cumulative proportional footprint will be 0.5 + 0.1 − (0.5 ∗ 0.1) = 0.55, 

• The cumulative footprint was calculated as the proportional footprint value times 
the area of the cell, summed across all cells 
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• The fished envelope at each scale was defined as the area of cells with some non-
zero level of proportional footprint, and reported as a percentage of the fished 
envelope at the 20 km scale, 

• Each cell was defined as 'UTF habitat' if all tows carried out in the cell were 
associated with a UTFs as defined in the "Data" section above, 'slope habitat' if none 
of the tows carried out in the cell were associated with a UTF, or 'mixed'. 

• Histograms of the distribution of estimated proportional footprint were generated. 

• Spatial plots of estimated proportional footprint by cell were also created, scaled 
between 0 and 1. 

 
 
Because the extent to which subsequent trawls are estimated to overlap previous trawls 
depends on cell size, cumulative footprint and impact will vary as a function of cell size. 
Mormede et al. (2017) illustrated this scale dependence by re-estimating cumulative 
footprint from individual trawl positions summarized at different spatial scales (Table 2). 
They also mapped estimated proportional footprint at different cell sizes for all historical 
New Zealand fishing effort targeting orange roughy, Hoplostethus atlanticus. Many 
comparative maps are included in their paper to reinforce the scale issues, these are not 
duplicated here. 
 
 
 
Table 1: Summary of the proportional and cumulative footprint at various scales. The infinite scale (Inf) 
shows the cumulative footprint assuming there is no overlap of tows 

 
 
 
 
Mormede et al concluded that the 1 km scale was the most appropriate because it is the 
finest scale that is not subject to artefacts caused by scale mismatches between the 
reported locations and cell dimensions. It also has the lowest exaggerating effect on the 
cumulative footprint and fished envelope. Their histograms of the distribution of estimated 
proportional footprint for UTF and “slope” areas are shown in Figure 2. 
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Figure 2 (after Mormede et al. 2017, their Fig. 5): Histogram of the proportional footprint at 1 km scale for 
UTF habitat (left) or slope habitat (right). Relative to the fished envelope at the 20 km scale, 5% of cells are 
UTF habitat; 11% of cells are slope habitat, and 84% of cells have zero footprint. 

 
 
After consideration of the paper by Mormede et al. (2017) the SC: 

• Agreed that the methodology is appropriate for assessing the impacted area, 
intensity of impact by location, and likely impact on benthic epifauna 

• Agreed that the methodology should be applied to develop spatially-explicit bottom 
impact evaluations for all deepwater bottom fisheries in the western SPRFMO Area; 

 
This paper contains the analyses agreed to by SC-05, including both Australian and New 
Zealand bottom impacting line and, for comparative purposes, trawl methods. 
 

3. Available data 
Data were sought from the New Zealand Ministry for Primary Industries (MPI) and the 
Australian Fisheries Management Authority (AFMA) for bottom line fishing events within the 
SPRFMO Area with suitable precision of spatial reporting. Suitable confidentiality 
agreements were established. To the extent these fields were available, a vessel identifier, 
the dates and times, the start and finish locations of each event, and the number of hooks 
set and the total catch (all species combined) were requested (the latter two fields to allow 
for error checking and to estimate the probable length of a line if position data were 
unavailable or likely to be in error). Unfortunately, these data became available only on 30 
August 2018, limiting the time for the analysis. The available data are summarised in Table 2 
and the spatial distribution is shown in Figure 3. The Australian data included start and finish 
locations, allowing the length of each line to be estimated directly. The New Zealand data 
had only start positions, so the length of each line was estimated using the reported number 
of hooks on that set and either a) an assumed figure of 700 hooks per kilometre of line set, 
or b) the average number of hooks per kilometre of line set seen in the data from the 
relevant flag state. 
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Table 2: Summary of the available data (number of bottom line sets 
by Australian and New Zealand-flagged vessels, 2007 to 2017 or 
2018) 

 

Year 
New Zealand-

flagged vessels 
Australia- flagged 

vessels 
   
2007 432 23 
2008 251 90 
2009 211 78 
2010 66 54 
2011 59 53 
2012 132 60 
2013 261 79 
2014 308 57 
2015 200 91 
2016 139 94 
2017 194 92 
2018 48 NA 
   
Total 2301 771 

 
 
 

 
Figure 3: Reported start positions for Australian (red) and New Zealand (blue) bottom line sets. The outer 
boundary of New Zealand’s EEZ is shown in black. It is likely that there are some uncorrected errors in 
reported locations, including Longitude E/W errors. 
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4. Methods 
Duplicate records were removed and the remaining data were screened for noticeable 
errors. Some obvious location errors were corrected (e.g., 25 degrees latitude was 
occasionally misreported or mis-punched as 35 degrees and, where this was clear from 
adjacent records for the same vessel, the field was edited). Two records from well outside 
the area were excluded because the locations could not be readily corrected. Reported sets 
from New Zealand’s exploratory fishery for toothfish were also removed because they are 
well to the east of the Louisville seamount Chain and the area intended to be covered by 
this analysis. Then, using a simplification of Mormede et al’s (2017) trawl analysis, the 
cumulative proportional footprint was estimated at a grid cell size of 1 km as follows: 
 

• Each line set was assigned to its mid-point of latitude and longitude or the start 
location, depending on data availability, 

• Each set was assigned to a 1km2 cell, and multiplied by the assumed width (0.5 m 
with a sensitivity of 8 m to account for substantial sideways “sweeping” of lines) to 
calculate the footprint area of each set, then divided by the cell area to estimate 
proportional footprint, 

• Proportional footprint of each cell was calculated assuming random overlap between 
sets, whereby (e.g.): if 50% of the cell has already been footprinted, a new set of 
10% proportional footprint will overlap by 50% with the existing footprint, and the 
cumulative proportional footprint will be 0.5 + 0.1 − (0.5 ∗ 0.1) = 0.55, 

• The cumulative footprint was calculated as the proportional footprint times the area 
of the cell (1 km2), summed across all cells 

 
This simplified approach will probably underestimate the number of impacted 1 km2 cells 
and overestimate the proportional footprint in many of the cells that are impacted. There 
should be little bias in the final summed impact because the overall level of impact and the 
maximum proportional footprint are both small and the amount of overlap between line 
sets is, therefore, small. 
 

5. Results 
The bottom line fishery impacted many fewer 1 km cells than the trawl fishery (~2,000 
compared with ~45,000) and the average and maximum impact within each impacted cell 
was very much lower. Overall, the bottom line fishery contributed only 0.03% of the total 
benthic impact of bottom line and trawl fisheries combined (~5 km2 compared with 
~17,000 km2, Table 3). This is as expected given that bottom line gear is very narrow 
compared with a trawl net and the line is not deliberately towed across the bottom. 
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Table 3: Summary comparison of the cumulative impacts of bottom line and bottom-impacting trawl 
fisheries in the SPRFMO Area, 2007 to 2018. Australian and New Zealand data combined. 
 

  Trawl Longline 

Range of impact levels for fished cells (%) Min. = 0.52671 
Max. = 100.00000 

Min. = 0.00129 
Max. = 3.54684 

Summed impact across all cells in the 
study area (km2)* 

16,725 5.09 

Total number of impacted 1km2 cells 44,628  2,175 

Percent of total impact 99.97 0.03 

* Summed impact for trawl is 9.8% higher than in Mormede et al’s (2017) analysis of New Zealand data 
following the inclusion of Australian trawl data. 

 
 
Histograms of the proportional footprint (as in Figure 2, for trawl fisheries) are not 
presented here for bottom line fisheries because all the data would be in the first histogram 
bar of any such plots. Maps of the distribution of proportional footprint are not presented 
here because of the small number of vessels involved and the consequential confidentiality 
issues associated with showing such data. 
 

6. Limitations and potential bias 
Data for bottom line fishing in the SPRFMO Area for both nations were available only since 
2007 with sufficient precision for this type of analysis. The impact of any bottom line fishing 
before 2007 has, therefore, been ignored. The bottom fishery impact assessments for both 
Australia (Williams et al 2011) and New Zealand (Ministry of Fisheries 2008) were consulted 
to assess the likely magnitude of the bias; both assessments included sufficient information 
on fishing between 2002 and 2006 to estimate the likely bias of excluding that period. It was 
estimated that ignoring Australian fishing effort between 2002 and 2006 will lead to a 
negative bias (i.e., an under-estimation of benthic impact of bottom line fisheries) of about 
10% in the estimated impact of that nation’s bottom line fishing. Similarly, it was estimated 
that ignoring New Zealand fishing effort between 2002 and 2006 will lead to a negative bias 
of about 14% in the estimated impact of that nation’s bottom line fishing. There may have 
been bottom line fishing before 2002, so there is a negative bias of at least 10–14% in the 
estimates presented here (assuming no regeneration). 
 
Australian data included reported start and finish locations. Large uncorrected errors in the 
end locations in the database (relative to start locations, or vice versa) will generally lead to 
increases in apparent line length for a set, and this will lead to a positive bias (i.e., an over-
estimation) in the total impact of Australian sets. It was estimated that, after screening and 
grooming for the most obvious such errors, about 23% of the total estimated impacted area 
came from 34 sets with an estimated length of 12 nautical miles or longer (see Figure 4). 
This suggests that large uncorrected errors in the start or end locations could lead to a 
positive bias of about 20% in the Australian data (about one-quarter of the records). 
 

http://www.sprfmo.int/assets/Meetings/Meetings-before-2013/Scientific-Working-Group/SWG-10-2011/SWG-10-DW-01a-Australian-BFIA-Final-Report.pdf
http://www.sprfmo.int/assets/Meetings/Meetings-before-2013/Scientific-Working-Group/SWG-06-2008/a-Miscellaneous-Documents/New-Zealand-Bottom-Fishery-Impact-Assessment-v1.3-2009-05-13.pdf
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Uncorrected errors in the start locations in both New Zealand and Australian data sets will 
lead to reduced overlap with line sets with correctly-reported locations; this will lead to a 
positive bias in the overall impact, which is probably very small because there is so little 
overlap between the relatively few line sets. 
 
If the assumed number of hooks per kilometre of line is too low, then this will lead to a 
positive bias in the estimated length of lines and their impact. This bias may be relatively 
large (~50%) because the difference between the assumed figure (700 hooks per kilometre) 
and the average estimated from the Australian data (1115 hooks per kilometre, see Figure 
5) is quite large. 
 
The assumed impacted width of a line was assumed to be 0.5 m, consistent with 
assumptions for CCAMLR bottom line impact assessment. This approach assumes that there 
is little sideways “sweeping” of the lines while they are in place or while they are being 
hauled. Such sweeping is more likely in the relatively shallow depths fished for wreckfish 
and bluenose compared with the very deep waters fished for toothfish. If sweeping occurs 
and has been ignored, this would lead to a relatively large negative bias (perhaps 50% or 
more) in the estimates of cumulative impact. 
 
 

 
 
Figure 4: The distribution of estimated line lengths for Australian line fishing data, 2002 to 2017, after 
grooming for the most obvious location errors (noting that some errors probably remain). 
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Figure 5: The distribution of estimated distances between hooks for Australian line fishing data, 2002 to 
2017, after grooming for the most obvious location errors (noting that some errors probably remain). 

 
 
These biases would not be trivial if the object of this analysis was to make a precise estimate 
of the actual areal impact of bottom line fishing in the SPRFMO Area, and it would be worth 
exploring some of them in detail and considering corrections. However, the object of this 
analysis was to estimate the relative impacts of bottom line and bottom trawl methods in 
the SPRFMO Area. These relative impacts are so dramatically different (more than three 
orders of magnitude) that uncorrected biases of 50% or more (not always in the same 
direction) for the bottom line fishery make almost no difference to the conclusion that 
bottom trawling impacts a very much larger area than bottom lining. 

7. Recommendations 
 
It is recommended that the Scientific Committee: 
 

• notes the combined analysis of cumulative bottom impact for Australian and New 
Zealand bottom line data conducted using the method agreed by SC-05; 

• notes that the estimated impact of bottom line fishing is more than three orders of 
magnitude smaller than the estimated impact of bottom trawl fishing in the western 
SPRFMO Area and impacts only ~3% of the most heavily impacted location over 11 
years; 

• agrees that the potential biases in the estimation of the impact of bottom line 
fishing are not sufficiently large to alter the main conclusions meaningfully; 

• agrees that, based on this analysis, bottom line fisheries are highly unlikely to cause 
significant adverse impacts on vulnerable marine ecosystems at current or similar 
levels of fishing effort. 
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