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PLAIN LANGUAGE SUMMARY

This report provides estimates of the spatial extent and frequency of trawl fishing on the seafloor
withihnNew Zeal andds Exclusive Economic Zone (EEZ) a
open to trawling down to 1600 metres deep. It covers deepwater fisheries from 1990 to 2023, inshore
fisheries from 2008 to 2023, 2@%odwade mbi nes bot h a

Using fishefreported start and end points, and a method that assumes trawl paths follow straight lines
between those points, the study analyses trends in different measures of seabed contact for these
groupings. The measures include the area in squamaddtes of the overall trawl footprints and

aggregate (cumulative footprint) areas by year and all years combined, the number of tows, the
number of cells contacted (a 5 km I 5 km grid ov
cells contacteéach year that had previously not been contacted.

Key findings include:

1 All Stocks (20082023): The area of seabed contacted each year declined over time, with the
lowest footprint recorded in 2023. Each year, trawling activity affected betivégmnand
2.3%of the total EEZ + TS seafloor, and betw&ed% and 6.8%f the fistable area (areas
open to trawling down to 1600 m). The number of trawl tows dropped from neadIy08&
2010 to about 5800 in 2023.

1 Deepwater Fisheries (1982023): The footprint expanded during the 1990s, reached its
highest levels in the early 2000s, and then steadily declined to 2020, remaining relatively
stable since. There was little expansion of effort into new cells in 2028I$%0d 4.3 krh
footprint), with new cellprobally representing the very edges of fished areas.

1 Inshore Fisheries (2002023): The footprint decreased from a peak in 2010 to its lowest in
2023, covering less than 1% of the EEZ +TS and about 2% of the fishable area in recent
years. There was little expansion of effort into new cells in 2023 (14ac&lI8.6 krh
footprint), with new cellprobally representing the very edges of fished areas.

Geospatial Position Reporting (GPR) data, introduced ini2(8,&llows for more accurate mapping

of trawl paths by tracking vessel movements during fishing. This report also compares the straight

line method to a hybrid method, which combines GPR andrigported data, to see how estimates

differ for a selection of inshore and deepwater target species/species groups. It was found that the
aggregate swept areas are almost universally higher for the hybrid approach but other measures can be
more variable.

The project also explored whether GPR data could be used to create standard trawl paths to correct
older records. While the approach shows promise, it is computationally demanding and unlikely to
offer practical benefits for current fisheries management.



EXECUTIVE SUMMARY

MacGibbon, D.J.}; Wood, B.A.}; Mules, R.2 (2026). The extent and intensity of seabed contact
by trawl gear using fisherreported and geospatial position reporting data1990 to 2023.

New Zealand Aquatic Environment and Biodiversity Report N@.2 360 p.

This report presents the spatial analysis of bottomtacting trawl effort within the New Zealand
200nauticalmile Exclusive Economic Zone and Territorial Sea (EEZ+TS), in waters open to trawling
down to 1600 m in depth (the 6fishable aread),

The main All Stocks, Deepwater, and Inshore analyses in this study were conducted using a
straightline approach where the patheasektook is assumed to have been a straight line between the
reportedstart and end positions of ttew. Separate analyses were done that took a hybrid approach
whereany availabléseospatiaPosition Reportingdatafor a toware used to createtrawl pathusing
successiv@ositions betweethereported start and end positicofsa tow.

The All Stocks (deepwater and inshore fishstocks) analysis was completed for the@®D08) to

20221 23 (2023) fishing year During this period, the seabed area contacted by trawl gear for All
Stocks was estimated to be betwe8780 and 94 86 km? each year, generally decreasing over the

16 years, with the lowest value estimated for 2(Reported tow data reflect a decreasing amount of
bottom-contacting trawl effort over the same period; the number of tows steadily dropped from
88744in 2010 to 8 733in 2023. The annual aggregated area (i.e., the sum of the swept areas of the
bottomcontacting trawls) for the All Stocks analysis decreased from a peak 871&m?in 2010

to a low of 12 374km? in 2023. The All Stocks analysis estimated@&year total aggregate area of

2 329566km? and total footprint of 30 649km?. Annually, between 2008 and ZDthe All Stocks
footprint contacted 1172.3% of the EEZ+TS seafloor andig6.8% of the fishable area each year.

In the 34year time series for deepwater data (12923), there was a steady increase in the footprint
from under 48 008m? in 1990 to a sustained period of contact ranging betwe@®d¥® 80 50

km? during 1998 to 2003, followed by a steady decrease 6#98m?in 2020. The annual

aggregated area contacted was highest from 1997 to 2003, exceeding k&¢ D08l years during

this period. This reduced to under 100 @@ from 2006 on, with a low in 2009 §P24km?),

another peak at 9%27km?in 2018, and a drop to 7968km? in 2023, thefourth lowest in the time
series. The deepwater analysis estimatedhygear total aggregate area of 33288km? and total
footprint of 3% 847km?, with this overall deepwater footprint representing 8.7% of the EEZ+TS and
259% of the fishable area. Between 1990 ang3the annual footprint contactedi2l6 of the

EEZ+TS and2.9 5.8% of the fishable area (peaks in 2002 and 2003)

The 20082023 inshore footprint also decreased, from a peak 678&m?in 2010 to a low of

27 843km?in 2028. Thisannualcontact was equivalent to 07.1% of the EEZ+TS seafloor area,

and 20i 3.4% of the fishable area, with the lowest values estimated f& Z02 annual aggregated

area contacted during these years ranged from a low B(20394km?) to a peak in 2010 (7857

km?). These results are further discussed to indicate the intensity of contact, the frequency of contact
(comparing annualata), and any areas contacted in one year but not in previous years.

Methods were developed to assess the potential of developing standard tows using Geospatial
Reporting (GPR) datand whether it could be applied retrospectively to data thadates GPR.
Results suggest it is possible but compirtéznsive and likely to be of little use to current day
management needs.

INational Institute of Water & Atmospheric Research Ltd. (NIWE)inistry for Primary Industries.
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A hybrid approach to estimating the footprint and other metricauwdsrtaken using combination

of straightline andGPR data and compared to the traditional method that assistraghtline in
betweenrstart and end positions of trawl tovilhis was applied to the All Stocks, deepwater, inshore,
and a variety of inshor@and deepwater target fisheries to compare the two approaches. The hybrid
approach almost universally estimated higher aggregate areas tistnaitjigtline methods, whereas
other measures of contact were variable between the two approaches.

Please note thateveral plots in th Appendices of threportwereremoved in accordance with
Fi sheri es Ne wCoigentihlity guidélinefobDpaltilication on thénternet

2 Extent and intensitgedibedontact by traggaiin New Zealand waters, (1598 Fisheries New Zealand



1. INTRODUCTION

Estimating the intensity and extent of bottaantacting fishing activity within New Zealand waters is

a research area that supports Fisheries New Zealand in working to meet fisheries management

objectives relating to benthic habitats. The National Fiskd?ian for Deepwater and Midelepth

Fi sheries (Fisheries New Zevahagerdeepvwaterla®d)middlenc| ude s
depth fisheries to avoid, remedy or mitigate the adverse effects of these fisheries on benthi¢ habitats

and the Nationallhhor e Fi nfi sh Fi sher i eManaBdirshorefinfishl udes an
fisheries to avoid, remedy or mitigate adverse effects on benthic haljietiseries New Zealand

2022). The primary bottornontacting mobile fishing methods are trawling for finfish, squid, and

scampi, as well as dredging for shellfish (oysters and scallops).

Bottom-contacting trawling is conducted mainly in continental shelf waters at depths defined by the
distribution of target species, generally in waters shallower than 1600 m (Baird et al. 2011). Past trawl
footprint projects have considered trawl tows éodottom contacting where bottom trawl gear is used

or where midwater trawl gear is used within one metre of the seafloor (for example Baird & Mules
2021a, 2021b, MacGibbon & Mules 2023). MacGibbon et al. (2024) also considered the footprint
including midwater trawl within 5 mand 10 nof the seabedut the changes to the footprint and
aggregate area were minimal and it is not possible to assess what proportion of an individual
midwater trawling event occurred at the given height. The assumption that the entirie batiom
contactingcould be quite incorrect as skippers alter the depth to target schools of fish, and could
result in an overestimation of bottom contact by the fisheries using this method. While this is still a
problem with the 1 m definitn of midwater trawling constituting bottom contact that has been used

in most trawl footprints, this criterion has been used in this study. Skippers of trawl vessels operating
these gears reported their commercial fishing activity on different form typastil the Electronic
Reporting System (ERS) was introduced and phased in between October 2017 and the end of 2019.
The ERS system is now used exclusively.

Trawl Catch Effort and Processing Return (TCEPR) forms were introduced in October 1989 and were
used if the vessel was over 28 m in overall length or if the vessel was required by the Director
General of Fisheries to do so (as required by the Fisheripsiite)) Regulations 1990). The

TCEPR was predominantlysed to report data from vessels in the deepwater fleet (operating mainly

in waters deeper than 200 m) up until October 2017 when the ERS was introduced.

Daily trawl effort by vessels under 28 m in overall length operating in inshore waters around New
Zealand was primarily reported on Catch Effort Landing Return (CELR) forms from October 1989.
Skippers of some small inshore trawl vessels instead repofteticaf TCEPRs from the miti990s

(see Baird et al. 2011). The CELR form for trawl data was replaced in October 2007 by a more
comprehensive form, the Trawl Catch Effort Return (TCER) which reportethyetaw information
rather than a daily summary. Fralanuary 2019, the use of ERS for data collection was gradually
implemented throughout other commercial fishing fleets, including the inshore trawl and dredge
vessels.

The TCER, TCEPR, and ERS data provide-totow information that can be used to generate
annual trawl footprints that represent the area of the seafloor contacted by trawl gear. Previously,
trawl footprints have been determined using, where availablePRGiad TCER data extracted from
the Fisheries New Zealand databaseehou(see for example, Baird et al. 2011, Black et al. 2013,
Baird et al. 2015, Baird & Wood 2018, Baird & Mules 2021a, b, MacGibbon & Mules 2023),
generally for fishing years since 198®. In 2018, the trawl footprint analysis for deepwater vessels
was rerun and updated, using the Fisheries New Zealand CatchMapper software tool (Osborne 2018)
and data extracted from the Enterprise Data Warehouse (ERWatabase that includes the
warehouform-based data as well as the ERS data (Baird & Mules 2019). In 2019, the footprint
analysis was extended to include the inshore fleet activity, based on data up to the end of the 2019
fishing year (Baird & Mules 2021b) and has been extended sineeltole subsequent fishing years.

Fisheries New Zealand Extent and intensitgedbed contact by trawl gear in New Zealand 9@@20:3 1 3



Algorithms implemented in the CatchMapper tool estimated a trawl end point for tows that had been
recorded on the TCER forased by most of the inshore fleet

The overall objectivef FisheriesNew Zealandresearch project BEN20ZRL was to provide updated
annual estimates of the extent and intensity of seabed contact by trawl gear and to progress the
development of methods to estimate and track seabed contact using new data sources.

Past trawl footprint projects (Baird et al. 2011, Black et al. 2013, Baird & Wood 2018, Baird et al. 2015,

Baird & Wood 2018, Baird & Mules 2019, 2021a, b, MacGibbon & Mules 2023, and MacGibbon et al.

2024) have assumed that the path of any given individual event is atraightline between the start

and end positions of the event. While it is well known that this is often not the case, this has been
accepted as a limitation of the data available. The introduction of Geospatial Position Reporting (GPR)

data from the 20189 fishing year provided the opportunity to create more realistic trawl paths by
using the positions where GPR de vreporiecdsstanandentt s s el s
positions. MacGibbon & Mules (2023) developed a rétto use the intervening GPR pings to create

trawl tracks for the 20120 fishing year (too few vessels had GPR devices installed iri 20%8r

this fishing year to be considered useful for developing the method).

While the overall footprint for the yeatramgdi d not
line6 met hod, the overall aggregate area was subst
found that not all fishing events had associated GPR pings which can be due to tows being of a short
duration where devices did not ping in between the stdread of a tow, or some vessels not having

GPR devices installed at that time. For 208® when considering the footprints and aggregate areas

where tows did have associated GPR data, the overall GPR footprint was 4% larger #teaighe

line footprint, and the overall aggregate area was 33% |a&RR tows will always be longer than the
equivalent ERS the straighhe method, unless of course the GPR tow is an actual stiaighThe

true path a trawl tow took can deviate substantially from a straight line between the start and end points
reported.As such, when these longer tows are laid over one another to form the aggregate area, it is
logical that the aggregate area will be larger than the striighéquivalent as a longer tow will have

a higher swept area

The Aquatic Environment Working Group (AEWG) accepted that the GPR method was likely to result

in more accurate trawl paths and hence more accurate footprints and aggregate areas. It was noted that
even with full coverage of vessels with GPR devices, tlseséll a problem that some fishing events

have no associated GPR data, usually when events begin and end in between GPR pings. It was agreed
that a more realistic result woul GPRbaaisuubetdfari ned i
all fishing events where it is available, and sir@ightline method is used for all fishing events where

it is not.

There is now full implementation of GPR devices across the New Zealand deepwater and inshore trawl
fleets and four complete fishing years covered under the project (up to and including th232022
fishing year), as well as partial implementation from 288 As such, BEN20281 is revisiting the

use of GPR data and compsitee straightline methodto a hybrid methodh which GPR data isised

for tows where it is available and the straitjhe method is usefbr tows where it is nofThisis done
overallto see if there arany differences, as well as looking at a selection of individual inshore and
deepwater target fisheries to see if there are any specific differences by fishsyrid method is
necessaryather than a total GPR approach for two main reasons. The first ia 8tedightline
approximations all that is possible fdhe erahat predates the introduction of GPR devices on fishing
vessels. The second is due to the ping ra8RR devices. The rate at whi¢gBPR devices ping can

vary fromaround 10 minutes tonce arhour. As some fishing events, particularly those focused on
underwater topographic features (UTFs), can take less than one hour it is possible that some fishing
events will not be captured by GPR because the event will have begun and ended in betwe&s pings.
such, the reported start and end positions are the only available data with which to construct a trawl
path and a straight line has to be assufoethese events.

49 Extent and intensitgedibeaontact by traggarin New Zealand waters, (1598 Fisheries New Zealand



While it is assumed that the hybrid method will produce more realistic and accurate results, the annual
footprints and overall time series footprint from prior to 208Bcan only use tharaightline method.
BEN202301 also investigated the development of techniques whereby trawl paths created using GPR
data could be used to inform the likely trawl pathstdightline data from the pr&PR era of the time

series.

11 Specific objectives

The specific objectives addressed in this report are:

1. To help MPI groom fishereported and GPR data, develop a hybrid approach using both GPR
and ER data, and to report on and compare summary statistics and trends estimated using
different approaches up to the 2023 fishing year.

2. Assess the effect of the introduction of a hybrid approach on footprint estimations for key
inshore target species and deepwater tier 1 target species.

3. Broader outcomes

2. METHODS

2.1 Trawl fishery analyses 1 straight -line approach

The methods below describe the data exploration and grooming and the preparation for the trawl
footprint spatial analysis. These methods build on those developed and described by Baird et al.
(2011), Black et al. (2013), and Baird & Wood (2018) for TCERR;dBaird et al. (2015), and Baird
& Wood (2018) for TCER data; Baird & Mules (2019, 2021aMicGibbon & Mules (2023)and
MacGibbon et al. (2024)sing the spatial software CatchMapper.

Fishery data sources

TheFisheries New Zealand Spatial Intelligence team accessed all TCEPR, TCER, and ERS trawl
effort data from the EDW for the 1902023 fishing years as data extract Repll6§58 The TCEPR

data provided information about each fishing operation, withligsow records of latitude and

longitude and datéme for the start and end of each tow, target species, tow duration, tow speed, and
gear parameters, amongst others. The TCE&s&qed similar towby-tow data, but with start of tow
position information ory, necessitating the generation of an endpoint (see Baird et al. 2015). The
ERS collects data similar to the TCEPR, but the position data are at a finer resolution. TCER and
TCEPR data are generally recorded in degrees to one or two decimal places, &R& elasa are
recorded to four decimal places

Fishery data grooming and treatment

Groomingroutines followed those used in previous analyses (see references in Section 2.1) with some
refinements where it was deemed that improvements could be made. A complete extract of the
commercial data going back to 1989 was made and were groomed agairtise ki@st grooming

routines could be applied to all years in the data set and not just the most recent years since the last
analysesRefinements can be made to certain aspects of grooming algqritimragample allowing

a longer maximum tow lengthfe@ertain target fisheries in certain areas (such as orange roughy on

the Challenger Plateawhen knowledge of fishdrehaviour comes to light, allowing for more
accurateestimation othe footprint and aggregate ar€&hnhanges to the EDW database over time may
also mean that rextracting datés necessaryto make data collected from different time periods, or
stored in different database structures, compar8blemary data are given in Appendix A. Broad
gueries on all bottom and midwater trawl data were run using the R statistical program (R Core Team
2024) to isolate duplicates or missing data. Particular attention in the grooming was given to variables
required to characterise the effort: location/area fished, date and time, gear type, target species,
number of tows, fishing duration, towing speed, gksharacteristics, and depth.

Fisheries New Zealand Extent and intensitgedbed contact by trawl gear in New Zealand ¥@@20:3 1 5



The deepwater component included the Tier 1 and Tier 2 deepwater fishstocks (Fisheries New

Zealand 2019) listed in Table 1. The estimation of the inshore footprint is based on reported effort for

the inshore target stocks listed in Table 2. This list &2tan requests from Fisheries New Zealand

for the previous trawl footprint project (MacGibbon et al. 2024). Although summaries are not

provided by species or tier in this projéetm 1990 Tables 1 and 2 are included to show what

fisheries were used taform the data extra¢NB: someselectedndividual target/target groups are

included, but only for the purposes of comparingtthe a d i dtraightiname tthod 6 of est i ma
the footprint and aggregate area with the methods incorporating GPRaateng from 2019

onwards only, when GPR data first became available)

6 1 Extent and intensitgedibedontact by traggaiin New Zealand waters, (1598 Fisheries New Zealand



Table 1:  Tier 1 and Tier 2 deepwater Fishstocks with bottorrcontacting trawl effort reported during
fishing years 19902023 (see Fisheries New Zealand 2020 for Fishstock boundaries).

Code: Fishstock

Tier 1

HAK: all

HOK: all

JMA: JIMA 3,7

LIN: LIN 3, 4,5,6, 7
OEOQ: all

ORH: all
SBW: all
SCI: all

SQU: all

Tier 2

BAR: BAR 4,5, 7

BYX: all

CDL: all

EMA: EMA 3,7

FRO: FRO 3,4,5,6,7,8,9
GSH: GSH 4,5, 6
LDO: all

PRK: all

PTO: all

RBT: all

RBY: all

RIB:RIB 3,4,5,6,7,8
SKI: SKI 3, 7

SPD: SPD 4,5

SPE: SPE 3,4,5,6,7
SWA: all

WWA: all

Common name

Hake
Hoki
Jack mackerels

Ling
Oreo species

Orange roughy
Southern blue whiting
Scampi

Arrow squid

Barracouta
Alfonsino

Black cardinal fish
English mackerel
Frostfish

Dark ghost shark
Lookdown dory
Prawn killer
Patagonian toothfish
Redbait

Rubyfish

Ribaldo

Gemfish

Spiny dogfish
Sea perch

Silver warehou
White warehou

Scientific name

Merluccius australis
Macruronus novaezelandiae
Trachurus declivisT. murphyj T.
novaezealandiae
Genypterus blacodes
Allocyttus niger Neocyttus
rhomboidalis, Pseudocyttus
Hoplostethus atlanticus
Micromesistius australis
Metanephrops challengeri
Nototodarus sloanjiN. gouldi

Thyrsites atun

Beryx splenden®. decadactylus
Epigonus telescopus
Scomber australasicus
Lepidopus caudatus
Hydrolagus novaezelandiae
Cyttus traversi

Ibacus alticrenatus
Dissostichus eleginoides
Emmelichthys nitidus
Plagiogeneion rubiginosum
Mora moro

Rexea solandri

Squalus acanthias
Helicolenus percoides
Seriolella punctata
Seriolella caerulea

Fisheries New Zealand
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Table2:  Inshore Fishstocks for which there was trawl effort during fishing years 2008023 (see
Fisheries New Zealand 2020 for Fishstock boundaries).

Code: Fishstock Common name Scientific name

BAR 1 Barracouta Thyrsites atun

ELE3,5,7 Elephantfish Callorhinus millii

FLA 1,2,3,7 Flatfish Rhombosolea retiaria, R. plebeia,
R. tapirina, Pelotretis flavilatus

GSH1,2,3,7,8,9 Dark ghost shark Hydrolagus novaezealandiae

GUR1,2,3,7,8 Red gurnard Chelidonichthys kumu

JDO1,2,3,7 John dory Zeus faber

KAH 1, 2, 3,8 Kahawai Arripis trutta

LEA1,2,3 Leatherjacket Parika scaber

LIN1,2,8,9 Ling Genypterus blacodes

MOK 1, 3 Moki Latridopsis ciliaris

RCO 2, 3,7 Red cod Pseudophycis bachus

RSK 7,3 Rough skate Zearaja nasuta

SCH1,2,35,7,8 School shark Galeorhinus galeus

SKI1,2 Gemfish Rexea solandri

SNA1,2,3,7,8 Snapper Chrysophrys auratus

SPD1,3,7 Spiny dogfish Squalus acanthias

SPO2,7,8 Rig Mustelus lenticulatus

SSK 3 Smooth skate Dipturus innominatus

STA2,3,4,5 Giant stargazer Kathetostoma giganteum

TAR1,2,3,4,5,7, Tarakihi Nemadactylus macropterus

TRE 1, 2,3,7 Trevally Pseudocaranx dentex

WAR1,2,3,7,8 Blue warehou Seriolella brama

GIS layers for estimating the overlap of the bottom -contacting trawl footprint

Bathymery sourced from the General Bathymetric Chart of the Oceans (GEBCO) was used to limit
the fishable area to a depth of 1600 m (Figure 1), the depth that is close to the depth limit of current
trawling effort.Areas shallower than 1600 m closed to trawling are excluded from the fishable area
Closures represent those in place currently and are applied uniformly across all fishinghyeses

are the same data used in the previous trawl footprint (MacGibbon & Mules 2023)

Note that all the spatial overlap and area calculations were made from data in the following
projection: Albers Equal Area Projection (central meridian at 175° E, standard parallel$SadrgD°
50° S, and the latitude of origin at 40° S). The bathymeatrgriwas then overlaid on &B 3 5 km
analysis grid and a depth value for each layer was assigned to each cell in the grid based on the
midpoint of each 2&m? cell.

8 1 Extent and intensitgedibedontact by traggaiin New Zealand waters, (1598 Fisheries New Zealand



25°S 4

30°S 4

35°S 4

40°S 4

45°S 4

50°S 4

55°S

160°E 165°E 170°E 175°E 180° 175°W 170°W

Figurel: The O6f i shablils@ mgblue)aithih the2®0 nduticaimile Exclusive Economic
Zone (includes the territotial sea) Areas closed to bottom trawling have been removed from
the fishable area (includes benthic protected areas, closed seamounts, cable lanes, marine
farms, and marine reserves)The total area of the Exclusive Economic Zone i4.1 million
km?2. The total fishable area with closures removed i%.4 million km?.

2.2 Generation of trawl fishery spatial output

Thereported trawl data include position and operational information that allow spatial analysis and
presentation. However, each data type requires different treatment to generate swept area estimates.
TCEPR data include both start and end positions (gen¢oathe nearest one minute of arc, or about
1.852km). TCER data have tow start positions only, at the same resolution as TCEPR data. ERS data
include start and end positions to a finer resolution than TCEPR data. Thus, the groomed data are
treated separaly (by form type) before being combined to develop the swept area statistics. The
methods described below follow those used and fully described by Baird et al. (2011) and Black et al.
(2013) for TCEPR data and Baird et al. (2015), Baird & Mules (2021and)MacGibbon & Mules

(2023) for TCER data.

Where latitude and longitude data were truncated to the nearest minute of arc (TCEPR and TCER
data) many tows appear to start at the same location because of the lower resolution of the data. To
better represent and estimate the likely extent of seabéactamd limit the artificial patchiness of
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effort created by the resolution of the data, the start and finish positions were randomly jittered using
an offset of + 0.5 minute. The jittered values were stored as new fields in the data set. The finer
resolution of the ERS data meant that start amdHipositions were not jittered as they were deemed

to be sufficiently accurate.

Note that the reported position data represent where the vessel was at the time the net was deemed to
have reached (and left) fishing depth rather than the location of tHéaattempt has been made to
correctfor the position of the net in thgoject Although methods do exist, such as those bged
MacGibbon et al(2024 in project BEN202-01 to refine efforbn individual seamounts, there are
sever al reasons t h Bataphoats 20h9when the ERS was snpleimemtesl hawe
hadijittering applied as explained above. This adds uncertainty to the precise Iseaiorbefore

attempting to correct for the location of the net behind the vassielill often exceed the likely

distance betweethe net and the vesselarticularly in shallow water where warp lengths are likely to

be shorterWarp length is not typically recorded atie likely lengthis assumed basexnh the depth

recorded which is not always reliabkurther,with thestraightline approach, it is assumed that the
courseof a towgoesdirectly from the starto theend positionsBut the true coursekan to get from

the starto theend position could be quitiifferentand hence where the net really was in relation to
thereportedstart positiorof the vessetould in factpotentiallybe anywhereln fact if the tow went in

the opposite direction of the end position before doubling,back he 6 c o r rteecampleten 6 c o ul
opposite of realityCorrections for the position of a nefative to the vessel have the potential to be

useful where theourse of the tow is knowand on small scales suchdetermining ifindividual

tows occurred oimdividual seamounts an a given, discrete area. On wider scales such as those
reported onn this project, there is little utility in applying it.

Preparation for estimating swept area from TCER forms

The TCER data provide only the start position of a tow, no end position is recorded. Although a measure

of swept area can be calculated, based on the duration of the tow and tow speed, the swept area cannot
be spatially represented, other than as a circleaion the start position. To create a trawl track, the
methods described by Baird et al. (2015) were used, whereby, within a trip, a tow direction was
generated from the bearing between the start position of a tow and the start position of the. #ext to
distance measure (in kilometres) was estimated from tow speed and tow duration data and used with
the estimated bearing to generate finish coordinates.

TCER data are characterised by a relatively small number of tows per trip (Baird et al. 2015) and a
substantial number of tows on a given trip had no following tow to use as a bearing for the next tow
(this is because the final tow of a trip had no subsegw to use as a bearing). Thus, the last tows

of a trip are identified, as are trips with only one tow, and, for each of these, a bearing was estimated
based on the median estimated bearing values from other tows by the same vessel for the same target
species within 1/30of a degree north/south or east/west, using a minimum number of two tows. This
was used to generate finish coordinates (as above). Where this failed, tow end coordinates were
generated by using the median estimated bearing values from tows of the g@tngptaries within

1/30" of a degree north/south or east/west, using a minimum number of two tows.

Spatial allocation of tows

Several unreported variables were generated on-byeaw basis to provide spatial representation of
each tow:

Doorspread The distance between the two trawl doors provides a measure of the width of the trawl
path used to estimate the potential area of the seafloor contacted by the trawl gear, that is, the swept
area. This measure is not reported on commercial data forms\sous footprint studies have applied
doorspread values to each tow (with agreement on these values from members of the Fisheries New
Zealand Aquatic Environment Working Group), based on vessel size, target species, and known gear
parameters, includinthe number of nets used to reflect differences in the spread of gear depending on
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vessel size (see, for example, Baird & Wood 2018). The estimated doorspread values used in this study
were assigned according to vessel size (overall length), target, and the number of nets used (based on
the Anumber of net s o0 ddnahedCER hnd TAGEPRf@rmsean thfe ROOSfishing o | | e
year), informed further by observer data. Data from the hoki/hake/ling (HOK/HAK/LIN) stock
assessment projects (Sira Ballara, NIWA, pers. comm.) were used to identify those tows in the effort
data that usetwin trawls before 2008. (see Figure 9 in Section 4.1 for definitions of vessel categories

and types). The assigned doorspreads were the same as used by MacGibbon & Mukesd2023
MacGibbonet al. 2024as below in Table 3:

Table 3: Assigned doorspreads used in the analyses by vessel categtayget species, and number of nets
used.* includes oneD category vessel

Vessel Vessel Number of Assigned
category length Target nets doorspread
A <20 Any 1 70
A 20 28 Any 1 100
A <20i 28 SCI 1 50
A <20i 28 SCI 2 70
B 28i 46 SCI 2 70
B 28 46 Any 1 150
Any except
C 46i 82 HAK/HOKI/LIN/SWA 1 150
C 46i 82 HAK/HOKI/LIN/SWA 1 200
c* 46i 82 HAK/HOKI/LIN/SWA 2 400
D (BATM) >82 Any 1 150
D >82 Any 1 200

Tow distance.A distance for each trawl track (kilometres) was calculated from the finalised start and
fishing positions, assuming a straigimie tow.

Speedtime distance.A second distance value (kilometres) was calculated for each tow; this was based
on the speed and the tow duration (the difference between the reported tow start and finish times) for
use with the TCER data and for some deepwater target TCEPR tows wiretewsh on hills resulted

in the coordinates of the start and finish location being the same.

Each tow was converted into a trackline (distance between the start and finish locations). Scampi,
arrow squid, and hake tows were permitted a maximum length of 70 km and a maximum tow distance
for other species was set at 55.56 km (after Black & Tilndy/ 2Baird & Mules 2019)A median

distance (calculated from the straigime tow distance by target species) was applied to the start

points of those tows that exceeded the prescribed maximum lengths, and new end points were
generated in GIS by shortenitite trackline to the median distance.

Assignment of tow data to cells

To aid in the categorisation and analysis of the data, a grid of approximatkig’2®lls was created

as a database table and joined to the TCER, TCEPR, and ERS effort table. This &ebsize has

been used in previous work and is considered reasonable by successive Aquatic Environment Working
Group meetings, as the unit of analyfsistrawl swept areas on a broad scale such as the EEZ+TS. This
grid was generated in the Albers Conic Equal Area Projection gmmbjected to latitude and longitude
degrees to overlay with groomed effort data as a basis for spatial analysis to ghandifigount of
effort per cel |l (intensity) over time and to gEe
seafloor. While all tows are assigned to cells, the estimation of the footprint and aggregate area is
estimated based on the swept aresach tow, not the area of the cell. Only the portion of any particular

cell that has been contacted contributes to the actual footprint or aggregate area. For example, a cell
may be 25%m? in area, but if only half of it has been trawled, only half ofitsa is counted towards

the footprint (12.5%m?).
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For areabased calculations, the data weregrejected to the Albers Conic Equal Area projection to
minimise distortion caused by converging lines of longitude with increasing latitude using degrees as
the coordinate units.

This study used the estimatedept aredor each tow (in square kilometres), hereafter referred to as
the swept areato estimate the extent (the footprint) and intensity (aggregate swept area) of seabed
contact by trawl fishing.

1. Swept areas the area derived from the tow distance as the striighineasurement between
start and finish positions and the assigned doorspread.

2. Aggregate swept aregrigure 2, left panel) is the total summed swept area for a particular
period. This exceeds the footprint because it includes the swept areas of all tows, including
those that overlap.

3. Trawl footprintis the area (square kilometres) that represents the seafloor area estimated to
have been contacted by trawl gelaigire2, right panel).

For each cell, the sum of the area of all the portions of the estimated doorspread trawl polygons that
lie within that cell was calculated. Thus, a cell in any given fishing year may have an aggregate swept
area of 0 krA(no contact) or 2&m? (contacted area is equal to the cell size), or for example 180 km
suggesting that for that year, the swept contacted area was four times the cell area; whereas the
maximum possible trawbotprintin a cell is 2%m? (i.e. equal to the area of a cell).

Figure 2. A 25-km? cell showing the trawl polygons representing the aggregate area (i.e., the sum of the
swept areas of the bottorrcontacting trawls) shown in the left panel and the footprint that
represents the seafloor area estimated to have been contacted by those saawl$ in that cell
in the right panel.

2.3 Estimati on of newly trawled area using identi

The extent of the trawl footprint will vary in each footprint project analysis because: (i) a full set of
data is extracted for each project and includes the most recent fishing year of data, as well as any
updates to the underlying previous years of d#@)ahe use of random jittering (Section 2.2) will

produce slight changes in the location of each jittered position in each analysis; (iii) refinements to
grooming algorithms can produce slight changes in the location and distance of trawls. To identify
areas that are newly contacted by the annual footprint in the most recent year, the footprint of the
previous years (e.g., for the combined 1II98IR1 fishing years) can be directly compared with the

most recent year (e.g., 2022) in GIS. Baird & Mules (3GI®wed that this method identified small
slivers of footprint from the most recent year in areas of dense contact and concluded that because of
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the inherent uncertainty in the estimation of the swep®afiean the resolution of the start and finish
data, the treatment of the trawl trackline &traightline, and the use of generic doorspread vdues
much of this O6newb6 area may not represent expans

An alternative method to identify areas of expansion/exploration in the most recent year-is a cell

based comparison, based on thek&® cell footprint. Thus, any cells in the most recent analysis year

that were not identified as contacted in the con
(Baird & Mules 2019): that is, cells with no previous trawl contact (within the time sdrasalysis)

indicate newly trawled areas that represent an extension of bottom trawling. This is the method used

in this analysis.

2.4 Underlying assumptions in trawl fishery spatial analysis and representation

Theeffort data used here represent subsets of the total commercial trawl effort data reported during
these years. First, data are for tows where bottom trawl gear was used or midwater trawl gear was
used within 1 m of the seaflg@nd second, the data are restricted to three data sources (TCER
(2008 2020 fishing years), TCEPR (199018), and ERS (2012023).

Some underlying assumptions need to be stated.

1. Eachtime series has an artificial start and end. The study treats the first fishing year of data,
for example, 1990 (deepwater) or 2008 (inshore, all stocks), as the start of fishing in each
area, and thus any discussion of trends is relative to thadigkar at the beginning of the
time series.

2. ltis assumed that the paths (trackline) of all tows follastraightline between the reported
or estimated start and end positions. In regidws may follow contours and may include
turns, but the data as reported on these forms do not allow any determination of actual tow
path. The duratiospeed distance measure provides some measure of a tow path distance and
where this differs fromthetcak | i ne di stance it is assumed to
tow.

3. Itis assumed that the gear is in contact with the seafloor between the trawl doors and
throughout the tow.

4. ltis assumed that gear used by similar sized vessels fishing for the same target species have
the same doorspread, and that there are no differences in the way in which skippers operate or
rig their gear.

5. The resolution of most of the position data is to the nearest minute (about 1.8&85kming
no allowance for latitudinal changes).

6. The measure of swept area will be indicative and may well be better estimated for certain
target species where fishing effort is carried out by larger vessels with gear parameters that
are better understood.

7. The irregular nature of the seafloor is ignored, and it is assumed that, within each cell, the
seafloor is homogeneous.

8. The patchy distribution of fishing is in part due to avoidance of areas of the seafloor that are
unfishable because of undersea formations or habitats such as sponge gardens that fishers may
descri be a sThaehyboididpprogah bas thelpdtential to reveal areas that are
avoidedas t hey r e v etakkn by thawlers) dlthoughidasspraes that tows that
have been mapped usingtaaightline approach do not obscutewvs mapped with &PR
approach in the same hybrid data set.

2.5 Trawl fishery analyses 1 Hybrid approach

GPR data were extracted from the Enterprise Data Warehmumséhie 201819to 22 23 fishing
yeas whenGPR devices were first implementé&bverage irn 2018/ 19 waslow buthas still been
incorporated into the analysesaabkybrid approach is being developed whereby GPR data is used
wherever available but tretraightline approach is usestherwise The combination olusing GPR
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approximationsvhere availablend the straighiine approximations otherwise why this is referred
to hereafter as laybrid approab.

GPR devices report vessel position at whatever rate they are set to and with no regard to what activity
they are engaged in (e.g., no distinction between steaming, searching, and trawling). The start and end
positions of tows were identified from those oeed by ERS formasingidentical grooming

algorithms applied to the data priorlieing incorporated into the GPR d&accessive locations of

the vesselvere therdetermined byany GPRIocations that occurreid betweerthe ERS starand end
positions Grooming of GPR data was undertaken based on the speed and distance between adjacent
locations to identify obvious error&s some fishing events, particularly those focused on underwater
topographic features (UTFs), can take less than one hour it is possible that some fishing events will
not be captured by GPR because the event will have begun and ended in betweém thieggsorts

of instances, straight line approximations are used.

Thesameagreed doorspread values for various vessel cldesesibed in section 2.@iere then

applied to the GPR tow lines to give an estimate of the area swept for each fishing event. It should
also be noted that because tow paths created using previously used methctia@tetlne, an

individual tow in isolation can only have a footprint, not an aggregate area. The aggregate area in a
given data set created from straidjhe tows can only be the result of individual tows that have
crossed paths with otheows. Tow paths created from GPR data, however, can cross back over their
own paths by, for example, going round in circles or doubling back in the direction they have just
come from. This means that an individual tow can have an aggregate area ssingttioid, and this

is included in the total aggregate area estimate for the GPR data.

2.6 The use of GPR data to correct historical straight -line data

Part of Objective 2 seeks assess whether distinct tow patterns can be detectdek GPR datg
devel op 0st an daadtest the Keasibiityr of dpplying hese retrospectitelgtraight
line datathat predates GPR data (i.e. p2®19 20 fishing year) The aim of this, if successful, is to
improve the likely footprint and aggregate area for the entire time $eodsto 1990 for deepwater,
and back to 2008 for Albtocks and inshorehen all tows have been treated asgraightline due to
the limitations in thelata.

The methods used here are as foll ows:

1. Manually identify dense areas of trawl activity where distinct and consistent patterns of
trawling activity were evident and likely to be amenable to this type of analysis.

2. Normalise the directions of tows.¢e where tows run generally easest, reverse the direction
of westeasttows).

3. Add evanly spaced vertices to each track (giving 25 points per track)

4. Createéstandard towlines by determining the geometric mean and median of each of the 25
points and creating new lines from these coordinates

5. Determine spatial similarity statistitsassess how well the standard tow represented the actual
tracks:
1. Frechetdistance a measure of spatial similarity between two cuiamed
2. Hausdorff distancea measure of mutual proximity between tow featuresveen each

track and the standard tows

6. Comparing the range and distribution of these measurements between the various sets of
pointsandtrack lines in the data provides a statistically repeatable measurement of
@eographic closenedshich describes the fit of the calculated points and lines to the
recorded ones.

7. Three sets of tow data were selected for analyses, although the location and target details
were excluded to ensure fisher confidentiality.
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3. RESULTS: ALL STOCKS FOOTPRINT 20081 2023 (straigh t-line approach)

3.1 Number of tows

For the combined 2002023 fishing years, 279 394bottomcontacting tows (>98%) were retained

for the spatial analyses. Deepwater fishstocks accounted for about 57% of all tows and inshore
fishstocks for about 43%.ess than 1%f tows were asgned to targets not defined in the deepwater

or inshorestocks defined in Tables 1 andiut ardegitimate target species and included for All

Stocks analyse8y form type, &% of tows were from TCEPRSs; 24% from TCERs; ag@#lrom

ERS data collection (Tabkl in Appendix A). These forms were introduced in giént years over

the time series, with the TCEPR providing the first4matow data collection for vessels over 28
generally fishing deeper waters within the New Zealand EEZ, with the first data collection year being
1 October 1989 to 30 September 1990 (referred to hereafter as the 1990 fishing year). It is this form
that provides the backbone of the All Stocks datal the deepwater component has been
supplemented from the mitb90s with inshore effort frormomeof the inshore fleet that voluntarily
reported on TCEPR forms, primarily inshore vessels targeting snapper, but also other inshore target
species that were most likely fished by these same snhapper vessels.

Other inshore effort continued to be recorded on CELRs which collected data only at a daily
resolution on a targettatistical area basis. The summary data for annual effort recorded on CELRs
are given in Table A2, along with the annual TCER, TCEPR, arltBRs for the conventional,

5-m, and10-m footprints. These data show that during the early te188Ds the amount of overall

trawl effort (number of tows) each year is substantially higher than what is included in the TCEPR
tow data; however, the restibn of CELR reporting meartbatthese data cannot be used for doyv

tow spatial analysis. CELR forms only recorded the number of trawls carried out each day for a given
combination of target species and statistical areas (hence the nurtdaesisfalways higher than the
number ofrecordsfor the CELR data in any given year). Start and end positions, or other information
that would allow for a track line to be created (and then swept area) were not recorded on this form
type. Apart from five records talling 21 tows in 2019, no data have been recorded on CELR forms
after 2017. In the 2@ ishing year, 8 733 tows were used to inform the All Stocks analyses (Table
A2), 34 tows were excluded from the analys@wpfithese had coordinates that placed them on land,
5were in closed areas, athd were deeper than 1600 m (Table B1).

When the CELR form was superseded with the introduction of the TCER on 1 October 2007 (2008
fishing year), a new set of data was available for spatial analysis alongside the TCEPR data. Lastly,
the move to ERS data away from TCEPR during 2018 for deepfiststocks and away from TCER

in 2019 for inshore fishstocks has provided similar data but at a finer resolution and, for inshore data,
an endpoint for each tow. The change of reporting form type and the data collected on each form
during the time seriaseeds to be considered when interpreting these data. For the All Stocks data set,
the most comprehensive time period, where both deepwater and inshore effort was reported with tow
location data, is from 2008 on. Hence, further analyses on the All Staeksedare presented from

2008 onwards, while acknowledging that there was a substantial amount of fishing effort prior to this.

3.2 Spatial coverage

The extent of the AlStocks seafloor contact is summarised by year in Talwerall, the data

available for all stocks indicate that, within the fishable area (areas open to trawling shallower than
1600m), 3066525-km? cells were contacted over thé yiears, with a total aggregate area of

2 329566.6km?, and a footprint of 30 648.5km?. In the period 20082023, 976% of the aggregate

area and 98% of the footprint area were within the fishable area. On an annual basis, this ranged
from 9661 99.8% for the aggregate area and@99.7% for the footprint. Other effort was excluded
where coordinates placed effort on land or in closed areas (see Appendix B). All further references to
the aggregate and footprint in areas in this document are for the fishable area.
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Table4: The number of contacted 28km? cells, the aggregate area, and the footprint area for All
Stocks in the fishable area, and the percent of the EEZ+TS seafloor and the fishable area
seafloor that was contacted by the footprint, by year for 2008023.

Fishing year No. of cells Aggregate area (kfh Footprint EEZ+TS Fishable

(km?) (%) (%)
2008 18 470 154 219.6 92 148.1 2.2 6.7
2009 18 013 151 961.1 90 060.5 2.2 6.5
2010 18 022 162 870.6 94 536.1 2.3 6.8
2011 17 673 156 172.6 91584.1 2.2 6.6
2012 17 165 152 278.4 88 006.0 21 6.4
2013 16 305 146 203.1 85794.1 2.1 6.2
2014 17 366 151882.2 90 360.1 2.2 6.5
2015 17 481 149 183.0 89 084.7 2.2 6.4
2016 17 519 146 385.9 86 314.8 21 6.2
2017 17 508 154 371.7 88093.4 2.1 6.4
2018 16 993 158 128.4 88 413.4 2.2 6.4
2019 15 665 142 230.7 80 235.5 2.0 5.8
2020 13 866 128 893.7 69 784.2 1.7 51
2021 14 436 129 285.7 73996.4 1.8 54
2022 13794 124 125.7 70 566.3 1.7 51
2023 14 210 1213741 68779.6 1.7 5.0
All 30 665 2329 566.6 320 648.5 7.8 23.2

All Stocks footprint. Overall, the trawl footprint of 2 648.5km? represents 8% of the EEZ+TS
seafloor area an23.20 of the fishable area (Tab#¢. The annual footprint values are shown in
Figure3, the All Stocks data (shown as grey bars) starts from 2008, the year in which inshore data
could be effectively included in the All Stocks datawith individual eventlevel recording of

fishing effort The annual footprint was relatively steady from A®IBL8 at around 85 700 Krto

94600 knt. There was a drop to just over 80 000?km2019 followed by a further drop in 2020 to

69 700km?. The footprint increased slightly to just under 74 006 kn2021, dropped again to about
70 600 kndin 2022 thendropped agaito 68 779.6 krhin 2023, the lowest in the time series

Overall, thefive most recent years are the lowest in the All Stogkgelar time series. The spatial
distribution of the All Stocks footprint for all years combined and for3282Zhown in Figurd.

All Stocks aggregate areaThe All Stocks data set had an aggregate ar@s8a®€ 566.6&m? for the
16-year time series. The aggregate area followed a similar pattern to the footprint, being relatively
steady from about 2008 to 2018, ranging betwatsut146 000 km andclose t0163 000 km

(Figureb5). Aswith the footprint, there was a drop in the aggregate area in 2019 to around
142300k, followed by a further drop tust underl28 900 kri. There was a slight increase in
2021 to 12286 km? which dropped again in 2022 to just over 124 206, kand then #urther drop

in 2023 to just under 12400km?, the lowest in the time seriess for the footprint, the aggregate
areas for the ladive years are the lowest in thé-ear time series. The spatial distribution of the All
Stocks aggregate area for all years combined and feri@@hown in Figur.

All Stocks number of cells Over the 6 years in this data set, 85 cells were contacted in the All

Stocks footprint (Tabld). Predictably, the number of cells contacted each year for the All Stocks data
set followed a similar pattern to the footprint and aggregate area, being relatively steady from 2008 to
2018, ranging from 1805cells to 18 Z0cells. The highest number of cells contacted was in 2008,
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which did not coincide with the largest footprint and aggregate area (both in 2010); this suggests that
fishing can be more widely spread at times, perhaps when exploring new areas. However, generally
there was a logical correlation betweendhee of thefootprint and the number of cells contacted. As

for the footprint and aggregate area, the number of cells contacted decreased in 20B8%,ttheh 6
decreased again in 2020 to &6&ells, then increased slightly to 486 cells in 2021 decreased

againin 2022 t013 794, the lowest in the time series. In 2023, the number of cells contacted increased

slightly to14 210, despite the corresponding aggregate area and footprint being the lowest in the time
series.
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Figure 3: Annual estimated footprint for All Stocks, Deepwater stocks, and Inshore stocks, 2008)23.
The data represent TCEPR (20082018), TCER (20082020), and ERS (201:8023) bottont
contacting effort.
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All stocks straight line footprint 2008 to 2023
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Figure 4. Distribution of the All Stocks footprint represented by 25km? cells, 20082023 and 2023.
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Al stocks straight line aggregate area 2008 to 2023

Aggregate area (km?)

] >0-10

10.1-50
50.1-100
100.1 - 250

[0 250.1-500
B 500.1-750

Il 750.1- 1000
B 1000.1- 1500
Bl 1500.1-3720
[_] Fishable area

All stocks straight line aggregate area 2023

XY
W
& (\'-_\_ o

8= 19

A\
\(: /
£ y.

e

Aggregate area (km?)

D>045

51-10

10.1-25

251-50
B s01-75
B 751-100
B 1001-125
W 251-150
W 1s0.1-210

[_] Fishable area

160°E 165°E

Figure 6:
2023.

3.3

180 175°W

170°W

Extent of new areas contacted across the

160°E 165°E 170°E 175°E

2008i 2023 time series

180

175°W 170°W

Distribution of the All Stocks aggregate area represented by 28m? cells, 20082023 and

A measure of change across all years is the number of cells contacted in a year that were not contacted
in previous years (e.g., cells in 2012 that were not contacted ifi 2008); these cells are referred to

as oOnew

cel

| s 6.

T h ehleto isokate mew argas thav hawk beeracontaatgd, i n

w

beyond the usual fishing areas. From a total of ZiBcélls contacted in the 2008 fishing yee8h2

cells were contacted for the first time in 200939 8&ere contacted for the first time in 2010, and

1469in 2011 (Tables). Since 2012 fewer than 1000 new cells have been contacted each year. Apart
from slight increases in 2014 and 2022, the number of cells contacted each year has decreased, with
fewer than 500 cells each year after 2017, and under 200 in each of theskagtars. The estimated

trawl footprint and aggregate area within these new cells provides an indication of the extent of area
newly contacted and the intensity of contact in those newly contacted areas. For most years given in
Tableb, there is little diference between the aggregate area and the footprint, and the areas are small
and likely to represent the edge of the main fishing areas. For 2028 the annual new cell
footprint represents between 82nd 981% of the new cell aggregate area. Where estimates of

footprint and aggregate area are close in size, it suggests that the swept area of the tows is spread out
within each new cell, without much overlap between tows. It is likely that these new cellemepres

the very edges of fished areas andfmall amounts of exploratory fishinig.should be noted thale

All Stocksdata set has more new cells contacted in recent years than either the deepwater or inshore
data set¢see sections 4.3 and 5.3 below). This is due to the truncatece of the All Stocks data set

compared

Wi

t h

t he

deepwater

dat a

set .

(beginning in2008) is not new for the deepwater data set (beginning in 1990).
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Table5: For Al | Stocks dat a, the number of cell s

contacted in subsequent years and the aggregate area and footprint estimated for those new

cells, where data for 2009 represent cells contacted in 2009 but not in 2088d data for 2010
represent cells contacted in 2002009 but not in 2010, etc.

Number of cells contacted in 2008 = 18 470
Fishing year No. new cells Aggregate area (kfp ~ Footprint (kn¥)  Footprint as % aggregate area

2009 2851 2 586.5 2372.2 91.7
2010 1839 1606.5 1508.5 93.9
2011 1469 1849.7 1517.4 82.0
2012 903 546.8 529.0 96.7
2013 782 851.9 795.2 93.3
2014 878 924.8 870.8 94.2
2015 863 897.7 850.0 94.7
2016 676 440.9 426.5 96.7
2017 530 443.2 425.3 96.0
2018 460 299.6 288.5 96.3
2019 240 256.8 2475 96.4
2020 221 341.3 328.1 96.1
2021 146 185.3 175.7 94.8
2022 190 198.1 194.4 98.1
2023 147 147.7 142.0 96.1

3.4 Intensity

cont act

For the combined 2002023 All Stocks data, the median number of tows that contacted a cellSvas 2

(mean of 25), and 50% of cells were contacted by betwéand 19 tows, with a maximum of091

tows over the total data set (Table By year, the maximum number of tows in a cell ranged from

536 (off Hawke Bayin 2015) to 827 (Hokitika Trench in 2018)

Table6: Summary data for the number of tows that contact a cell, the aggregate area, and the
footprint by 25-km? cell for the All Stocks data, for the combined fishing years 2002023.
Annual summaries are given in Tabler.

Minimum 1stquarter Median Mean 3 quarter Maximum

No. of tows 1.0 4.0 250 2151 1970 70910
Aggregate area (kfn <0.1 1.3 9.0 76.0 69.9 3905.1
Footprint (kn?) <0.1 1.2 6.8 105 21.3 25.0

The maximum aggregate area for any one cell for the combined 20@8period was3905.1km?
(Table6). The top ten cells with the highest total aggregate area ranged beR@2€ehand
3905.1km? Two of these cells are just to the east of the Auckland Is|@2@® (i 2380km?), two
are off the southern edge of the Stev@mares Shelf2642 2662.9km?), four areto the east of this
near the southern edge of the Stewart Snares @5a1.6/ 3152.4 knd), and twooff the west coast
of the South Islanih the Hokitika Trench3147.3 3905.1 km). By year, the maximum aggregate
area for a cell ranged fron®8.3km? to 4464 km? (the same celh both2017 and 2020n the
Hokitika Trench).

However, only two of the top cells by aggregate area for the entire time period are also in the top cells

by tow count, both of these being in the Hokitika Tren@2{®6856tows). The other top cells by
tow count were on the lower east coast of the South Island near Kakafieioels ranging
between 587/ 6829tows), mideast coast of the South Island near Timanegell, 5747tows), one
cell in Tasman Bay @5tows), and oneell in Hawke Bay (856tows, the highest in the top ten
cells by tow cout).
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Table7:  Annual summary data for the number of tows that contact each cell, the footprint, and the aggregate area for All Stocks da2@08 2023, giving the
25th percentile (1stQuartile), median, mean, 75th percentile (3rQuartile), and the maximum. The minimum number of tows that contacted each cell
was 1 and the minimum values for the footprint and aggregate areas was < 0.000the maximum footprint is 25 knm? in all years because this is the
maximum possible as cells ar@5 km? in area,

Fishing No. of tows Aggregate area (kfn Footprint (kn?)
year 1stQu Median Mean 3rdQu Max 1stQu Median Mean 3rdQu Max 1stQu Median Mean 3rdQu Max
2008 2 8 25.3 29.0 599 0.8 2.9 8.3 9.6 243.6 0.8 2.6 5.0 7.6 25
2009 2 8 24.9 28.0 564 0.8 2.7 8.4 9.6 286.0 0.7 25 5.0 7.6 25
2010 2 9 26.5 29.0 623 0.8 3.0 9.0 10.3 214.2 0.7 2.7 5.2 8.1 25
2011 2 9 25.6 30.0 662 0.7 2.9 8.8 10.3 284.9 0.7 2.6 5.2 8.1 25
2012 2 9 25.6 29.0 540 0.7 3.0 8.9 10.0 250.7 0.7 2.7 5.1 7.9 25
2013 2 9 26.6 31.0 685 0.8 3.1 9.0 105 281.3 0.8 2.9 5.3 8.1 25
2014 2 9 25.5 30.0 564 0.8 3.1 8.7 10.2 290.1 0.8 2.8 5.2 8.0 25
2015 2 9 24.1 28.0 536 0.8 2.9 8.5 9.7 327.6 0.8 2.7 5.1 7.7 25
2016 2 8 23.8 27.0 602 0.7 2.7 8.4 9.3 335.2 0.7 25 4.9 7.4 25
2017 2 8 24.4 28.0 613 0.8 2.9 8.8 9.5 208.3 0.8 2.6 5.0 7.5 25
2018 2 9 24.6 29.0 827 0.8 3.1 9.3 10.3 403.5 0.8 2.8 5.2 7.9 25
2019 2 9 24.8 29.0 616 0.8 3.1 9.1 105 296.9 0.8 2.8 5.1 7.9 25
2020 3 10 255 300 724 0.9 3.4 9.3 10.1 446.4 0.8 2.9 5.0 7.5 25
2021 3 10 24.6 29.2 594 0.9 3.6 9.0 104 2257 0.8 3.1 5.1 7.7 25
2022 3 10 24.2 29.0 650 0.9 3.5 9.0 10.2 210.9 0.8 3.1 5.1 7.6 25
2023 2 9 22.6 26.0 563 0.8 3.1 8.5 9.5 289.1 0.8 2.7 4.8 7.2 25
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3.5 Number of years contacted

Of the30665cells contacted by the total All Stocks footprint between 2008 angl 2626 (n =

5000 were contacted in one year only, 9% (8643 in 2 years, and 7% (n2013 in 3 years

(Figure7, upper plot). In total, @6 of cells (n =8250 were contacted every year. Fig@réeft plot)

shows the spatial distribution of the number of years contacted per cell. Both inshore and deepwater
footprints have significant areas that have been contacted in every year in the data set.

Of cells that were contacted6% (n = 4 210 were contacted in the most recent yé&#p (n =

20 120) have been contacted in the last five years,8a86 (n = B 772) have been contacted in the

last ten years (Figurg lower plot). The spatial distribution of cells contacted by the most recent year
of contact is shown in Figu&(right plot). Much of the plot area is occupied by fishing effort from

the most recent fishing year (2)2This includes most dhecoastal inshore areas, the Challenger
Plateau, the Stewart Snares Shelf, Auckland and Campbell Islands, and the north and south Chatham
Rise.
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4. RESULTS: DEEPWATER FISHSTOCKS TRAWL FOOTPRINT 1990171 2023
(straight -line approach)

4.1 Deepwater data

During 19902023, a total of 569 unique vessels reported bettontacting effort that targeted

deepwater Tiet and Tier 2 species (Table @lAppendix Q. Note the brief for this studyidinot

involve providing summaries by tier or target spe¢atber than for comparisons between the

straightline and GPR methodsand this section provides summaries only for deepwater fisheries as a
whole. The number of unique vessels in any fishing year ranged betivaed 165. Tablé is

included only to inform the reader what species comprise the data set used for deepwater analyses.
These vessels represented both foreign and domestic fleets and over time there have been substantial
changes in the mbers of vessels and the type and size of vessels in this data set. The numbers of
vessels in most vessel groups have decreased over the years, especially thevioreibfeets and

this is reflected in the decrease in reported tows by these vessel® (BigDifferent trawl gear set

ups have been used by these vessel groups to target a variety of deepwater species and, until there is
better information on the spread of gear that contacts the seafloor, vessels in each group are
considered to have simildottom contact in these analyses.
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Figure 9: The number of bottom-contacting tows reported by vessels that targeted Tier 1 and Tier 2
deepwater fishstocks during 19902 0 23, by year and vessel type.
28 m in length; B.DOM is domestic iceessglel > 28
>46and O 82 m; CowO¥digseésekignds6 and -ocnel 2 m;
vessel of 104 m in length; D.LDOM is domestic vessel > 82 m; and D.LFOV is foreigwned
vessel > 82 m long.

The underlying tow data and results of analyses based on the deepwater Tier 1 and Tier 2 fishstocks
are presented ihable C1 inAppendix C.Tier 1 and Tier 2 species are defined in Tabl€hke tow

data are from TCEPRs from 1990 to 2020, TCERSs from 2008 to 2020, and ERS from 2018 to 202
(Table C1). Over the time series, the number of bottontacting tows increased from just under

34000 in 1990 to over 58 000 in 1998, then decreased in most years to abo0t@8s3H 2007.

The introduction of TCER fons saw a small increase in 2008 but the overall decreasing pattern in the
numbers of tows continued, with between ali3L000and 30600 tows during 2002022. In 2023,
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there were justinder24 000 tows, which is the lowest in the time ser@®l the three most recent
years have the three lowest numbers of tows in the time sed&sreported on TCER and TCEPR
forms were last present in the data set in 202@&beunted for less than 0.1% of the to&ihce
2021, data were entirely reported on ERS forms.

4.2 Spatial extent

The annual totals of cells, aggregate swept area, and footprint for all deepwater fishstocks are given in
Table8.

For all years, the deepwater fishstock effort contacte®0325-km? cells, based on the total

estimated aggregate area of almo8tr8illion km? and a total footprint of 36847 km?, equivalent to
about 9% of the aggregate area. Overall, the footprint contacted 8.7% of the area of the EEZ+TS
and 259% of the fishable area. The greatest annual overlap was during2lD@82with peak overlap

in 2002 and 2008% in both years) bdtom 2006 the footprint overlap has beeni 1.2% of the
EEZ+TS and 2.83.7% of the fishable area (1.0 and 3.1%, respectively, iB,2082 most recent year
covered by the studly

The annual aggregate area increased each year (exce@rtP289%to a peak in 1998 of
171192km?, ranged from about 150 00066 000 ki during 19992003, followed by a sharp
decline in 2004 and 2005 (around 131 00G knd 110 000 ki) respectively). In 2006 the aggregate
area dropped below 1@D0km? and has remained belawis ever since, levelling out at between
almost 80000 and 9%00km? during 20072023. The lowest aggregate area in the time series was
79730.4km? in 2022, which increased slily to 79 9058 kn¥ in 2023.

The footprint generally followed the trend of the aggregate area in the 1990s, but the peak annual
spread as measured by the footprint (at abous8&®?) and numbers of cells (180 cells) was

during 2002 whereas the peak aggregate area was in 1998. Subsequently, the footprint decreased to
about 50 00051 000 km during 20062008 and has been below B00km? since2009 The

footprint of 39649km? in 2020 is the lowest in the time series; the footprint increased slightly in

2021 and 2022 to just over 980 kntin both yearsthen decreased again slightly in 2@@3ust over

42 000 km. The number of cells contacted steadily decreased after the peak in the early 2000s to a
series miimum 0f9206in 2020, corresponding with the lowest footprint. The fiastyears have

seen a relatively steady number of cells contagtietiveen about 9200 and 10 O@ddsteady

footprint each yeawith both measures beirtge lowest in the time series.

The spatial distribution of the footprint and aggregate area for all years combined, an®fas 202
shown in Figurel0. The footprint for all years combined (192023)is highesin Challenger
Plateauwest coast South Island, Puysegur Tretloh Stewart Snares Shelf, Auckland and Campbell
Islands, north and south Chatham Reedareas around the east coast North Isl&am@023, these
areas are all still fishelout the extent within each region is substantially redusesimilar pattern is
seen with the aggregate area.
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Table8: The number of cells contacted by the deepwater bottormontact trawls, the aggregate area,
the footprint area, and the footprint as a percent of the EEZ+TS (4.1 million krf) and the
fishable area (1.39 million kn%) for 1990 2023.

Fishing year No. of cells Aggregate (krf) Footprint (knf) %EEZ+TS % fishable
1990 12 143 101 351.0 47 282.7 1.2 3.4
1991 13 090 125 983.4 54 643.1 1.3 4.0
1992 14 284 136 998.0 66 418.7 1.6 4.8
1993 13 643 139 862.2 66 653.5 1.6 4.8
1994 13016 121 793.3 56 717.6 14 4.1
1995 13 211 144 576.1 61 586.0 15 4.5
1996 13 301 143 971.3 62 272.7 1.5 4.5
1997 13 542 154 843.4 68 310.7 1.7 49
1998 15 054 171 192.2 76 602.2 1.9 55
1999 14 741 155 873.7 72 001.2 1.8 5.2
2000 15 061 149 983.0 73 606.7 1.8 53
2001 15131 150 025.6 75 649.5 1.8 55
2002 16 910 154 333.2 80 549.5 2.0 5.8
2003 15793 156 052.0 80 109.9 2.0 5.8
2004 14 119 130 758.1 67 337.8 1.6 49
2005 13 226 110 005.4 53 883.1 1.3 3.9
2006 12 269 94 662.5 49 809.6 1.2 3.6
2007 12 127 87 705.8 49 943.8 1.2 3.6
2008 13128 84 782.6 50 614.3 1.2 3.7
2009 12 272 78 923.5 45 937.4 1.1 3.3
2010 12 480 86 899.9 49 460.7 1.2 3.6
2011 12 044 86 804.9 48 465.2 1.2 3.5
2012 11 421 85 296.6 46 636.8 1.1 3.4
2013 10 693 79 506.2 44 600.0 1.1 3.2
2014 11 745 81 877.6 47 171.8 1.2 3.4
2015 11 539 85 143.8 47 966.1 1.2 3.5
2016 11 550 83 916.8 46 449.1 1.1 3.4
2017 11 466 88 703.0 46 599.9 1.1 3.4
2018 10 870 95 626.6 47 363.9 1.2 3.4
2019 9981 85 204.7 43 027.4 1.0 3.1
2020 9 206 80 936.9 39 649.3 1.0 2.9
2021 9763 80 058.5 43 054.1 1.1 3.1
2022 9428 79 730.4 42 950.8 1.0 3.1
2023 9610 79 905.8 42 158.3 1.0 3.1
Total 37 501 3773287.8 357 846.6 8.7 25.9
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4.3 Extent of new cells contacted across the 2008i 2023 time series

The number of cells that were fished in one year, but not in previous years, is shiattei@for the

combined deepwater fishstocks, where the base footprint was cneateth£199Q 1994fishing

yearsduring which time 2827 unique cells were contacted. It is evident frdable9 that in many

of these years the contact in the new cells is of low intensity; there is little difference between the
aggregate area and the footprint of these new @allglifference in 2018 and 2022)nd as a

percentage of the aggregate area, the footprint ranges between 810Pan@nean 9%%). This

could indicate exploratory fishing or be an artefact of the methodology used to generate the spatial

data (i .e., the jittering of positions could cau
However, in years of higher effort and increased swept areas (as seeniigQ@®8the number of

new cells increased and the aggregate area relative to the footprint was greater.

Overall, there has been a decrease over time in the number of new cells contacted each year. In
addition, the footprint expressed as a percentage of the aggregate area has increased over time, which
suggests that the extents of different deepwater fishareeessentially established. ERS data is not

jittered as TCEPR and TCER datddse to the increased precisionposition reporting)which also

prevents the possibility of the start or end of a tow being shifted into a cell that has not previously

bee fished through an artefact of the jittering proc&ssy 8 new cellswerecontacted in 202, the

lowest in the time serie¥hefootprintandaggregate arsavere identicaljust 4.3km?), meaning that

all new areas trawled were only trawled ance
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Table9:  The number of cells contacted in a year that had not been contacted in previous years, and the
aggregate area and footprint within those new cells for deepwater fisheries. A base of 2¥0
cells were contacted in 199®4, and, for examplethere were1151 cellsthat were contacted in
1995 (but not in 199094) with an aggregate area of 8.6km? and a footprint of 868.7km?.

Fishing year No. new cells Aggregate area (kfp  Footprint (knf) Footprint as
% of aggregate are
No. cells contacted in 19994 = 24 027

1995 1151 985.6 868.7 88.1
1996 1254 1018.7 904.8 88.8
1997 999 841.2 790.3 93.9
1998 1476 1923.5 1559.0 81.1
1999 1248 1287.3 1091.8 84.8
2000 1184 1553.7 1367.5 88.0
2001 743 722.7 620.9 85.9
2002 1225 1053.5 1015.8 96.4
2003 667 753.2 673.3 89.4
2004 321 345.6 314.6 91.0
2005 598 617.8 544 .4 88.1
2006 254 118.4 113.4 95.8
2007 279 157.3 150.4 95.6
2008 330 197.8 187.0 94.5
2009 247 110.6 107.1 96.8
2010 189 76.7 74.8 97.5
2011 175 85.3 72.2 84.6
2012 100 38.1 37.5 98.4
2013 88 40.0 39.6 99.0
2014 88 33.8 33.1 97.9
2015 189 153.0 144.6 94.5
2016 191 121.1 1151 95.0
2017 111 68.5 65.7 95.9
2018 110 30.4 30.4 100.0
2019 68 92.1 87.6 95.1
2020 54 40.7 40.5 99.5
2021 70 72.2 69.9 96.8
2022 57 53.2 53.1 99.8
2023 8 4.3 4.3 100.0

4.4 Intensity

For the combined 199Q@023 deepwater fishstocks data, the median number of tows that contacted a
cell was 16 (mean ¢f033), and 50% of cells were contacted by between 3 &hov@s, with a

maximum of 20 89 tows over the total data sdtable10). The top ten cells by tow count for thé-3

year time period were entirely on the southern end of the St8mares Shelf except for one dell

Cook Strait

Table 10 Summary data for the number of tows that contact a cell, the aggregate area, and the
footprint by 25-km? cell for the deepwater fishstocks data, for the combined fishing years

1990 2023.
Minimum  1Stquarter Median Mean 39 quarter Maximum
No. of tows 1.0 3.0 16.0 203.3 96.0 204990
Aggregate area (kfn <0.1 1.1 6.3 100.6 40.9 13439.4
Footprint (kn?) <0.1 11 5.4 9.5 18.7 25.0
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The median number of tows in a cell in a year was about 4 tows during2023{Table11). The

mean numbers increased during the 1990s t8 gi¥nking at abow2i 23 tows per cell between

1995 and 1998) before decreasing, then remaining relatively steady at alkibitdws from 2009 to

2017, and about6l 18 tows between 2019 and Z02At the same time the maximum number of tows

per cell decreased from over 1000 in most years until 2006, to around 500 tows until 2017, increasing
to between 58 and 821 tows until 2020, then dropping again to 483 tows in,202H40 tows in

2022 and increasm slightly to 470 towsn 2023

The annual median values for the aggregate areas in a cell ranged fi@® Kn¥, with 2022 having

the highest (8 km?), whereas the means ranged betwedrasd 11.4 krfy with peak years during

the mid1990s to mieR000s Tablell). The maximum aggregate areas in a cell were mostly during
1991 1995, at 82i 1651 km?, and in 2004 and 2005 (at abouBB856 km?). Unsurprisingly, these

coincide with years in the peak maximum number of tows in a cell, and the maximum aggregate area
follows an overall declining pattern over the time period as does the maximum number of tows in a
cell. FigurelOillustrates the areas where fishing was most intense ini 2028 and 203. For 1990

2023, fishing was most intense on the west coast of the South Island, Cook Strait, the northern and
southern parts of the western Chatham Rise, Stewart Snares Shelf, and Auckland Islands. Most of
these areas are less intensely fished now, with the most ilptéieked areas being the west coast of

the South Island, and the western end of the Chatham Rise. The extent of intensity within these areas
has also reduced. For the entire time period, nine of the top ten cells by aggregate area are on the
StewartSnares Shelf (eight of these cells were also in the top ten by tow count) and one cell was on
the west coast of the South Island at the Hokitika Trench.

The footprint estimates in comparison with aggregate area values indicated that many cells have low
levels of contact witlthe median inmost years being under 2 kand means mostly under 5 km
(Table11). The maximum footprint in all years is 25 kraquivalent to the total area of a cell,

although most cells are not contacted to this extent.
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Table11: Annual summary data for the number of tows that contact each cell, the footprint, and the aggregate area for deepwater dat890 2023, giving the
25th percentile (1stQuartile), median, mean, 75th percentile (3rQuartile), and the maximum. The minimum number of tows that contacted each cell
was 1 and the minimum values for the footprint and aggregate areas was < 0.0001.

Fishing No. of tows Footprint (kn?) Aggregate area (kin
year 1st Qu Median Mean 3rd Qu Max 1st Qu Median Mean 3rd Qu Max 1st Qu Median Mean 3rd Qu Max
1990 1 3 165 12.0 1093 0.5 1.2 3.9 5.0 25.0 0.5 1.3 8.3 58 724.8
1991 1 3 197 13.0 2414 0.6 15 4.2 5.1 25.0 0.6 15 9.6 6.0 1651.0
1992 1 4 199 16.0 1293 0.6 1.8 4.6 6.3 25.0 0.7 1.9 9.6 75 8364
1993 1 5 204 18.0 1858 0.7 2.0 4.9 6.8 25.0 0.7 21 103 8.4 1394.3
1994 1 4 200 15.0 1280 0.6 1.6 4.4 5.8 25.0 0.6 1.7 9.4 6.9 8120
1995 1 4 220 17.0 1139 0.6 1.8 4.7 6.3 25.0 0.6 1.8 109 7.7 8904
1996 1 4 220 17.0 1312 0.6 1.6 4.7 6.2 25.0 0.6 1.6 108 75 6157
1997 1 4 229 19.0 1402 0.6 1.8 5.0 7.2 25.0 0.6 19 114 9.0 5377
1998 1 4 224 19.0 880 0.6 1.8 5.1 7.1 25.0 0.6 18 114 8.8 450.9
1999 1 4 212 18.0 1214 0.6 1.7 4.9 6.5 25.0 0.6 1.7 10.6 8.1 7476
2000 1 4 201 18.0 830 0.6 1.7 4.9 6.7 25.0 0.6 1.8 10.0 8.4  403.9
2001 1 4 198 19.0 836 0.7 1.8 5.0 6.9 25.0 0.7 1.8 9.9 8.6 583.0
2002 1 4 187 17.0 1060 0.6 1.7 4.8 6.5 25.0 0.6 1.8 9.1 79 7075
2003 1 5 195 18.0 998 0.7 2.0 5.1 7.3 25.0 0.7 2.0 9.9 9.0 681.0
2004 1 5 18.1 16.0 1440 0.7 1.9 4.8 6.7 25.0 0.7 2.0 9.3 8.2 9334
2005 1 4 176 14.0 1476 0.6 15 4.1 5.2 25.0 0.6 1.6 8.3 6.2 9558
2006 1 4 17.0 140 941 0.5 15 4.1 52 25.0 0.5 1.5 7.7 6.1 597.1
2007 1 4 16.2 16.0 563 0.6 1.6 4.1 5.7 25.0 0.6 1.7 7.2 6.8 2819
2008 1 4 150 140 570 0.6 1.6 3.9 5.1 25.0 0.6 1.7 6.5 6.0 2436
2009 1 4 135 12.0 469 0.5 14 3.7 47 25.0 0.5 15 6.4 5.4  286.0
2010 1 4 13.9 13.0 507 0.5 15 4.0 51 25.0 0.5 1.5 7.0 5.9 214.2
2011 1 4 144 13.0 482 0.5 14 4.0 51 25.0 0.5 1.5 7.2 5.9 284.9
2012 1 4 145 13.0 419 0.5 15 4.1 52 25.0 0.5 1.5 7.5 6.1 250.7
2013 1 4 148 14.0 455 0.5 1.6 4.2 56 25.0 0.5 1.7 7.4 6.5 281.3
2014 1 4 13.7 12.0 461 0.5 15 4.0 53 25.0 0.5 1.5 7.0 6.2 289.3
2015 1 4 142 13.0 517 0.5 15 4.2 54 25.0 0.5 1.5 7.4 6.3 326.8
2016 1 3 144 12.0 572 0.5 14 4.0 52 25.0 0.5 14 7.3 6.1 334.9
2017 1 3 146 12.0 413 0.5 14 4.1 50 25.0 0.5 1.5 7.7 5.9 208.3
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Fishing No. of tows Footprint (knf) Aggregate area (kfp

year 1stQu Median Mean 3rd Qu Max 1st Qu Median Mean 3rd Qu Max 1st Qu Median Mean 3rd Qu Max
2018 1 4 159 13.0 821 0.5 1.6 4.4 5.7 25.0 0.5 1.7 8.8 7.0 401.6
2019 1 4 16.8 14.0 568 0.5 1.6 4.3 5.7 25.0 0.5 1.7 8.5 7.1 296.9
2020 2 5 183 16.0 724 0.6 1.8 4.3 58 25.0 0.6 2.0 8.8 7.4 446.4
2021 2 5 16.9 15.0 483 0.6 2.0 4.4 6.1 25.0 0.6 2.1 8.2 7.6 225.4
2022 2 5 16.9 17.0 440 0.6 2.1 4.6 6.4 25.0 0.6 2.3 8.5 8.0 210.9
2023 2 5 16.5 15.0 470 0.6 1.9 4.4 6.1 25.0 0.6 2.0 8.3 7.6 289.1
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4.5 Number of years contacted

Of the 37501 cells contacted by the 1902023 deepwater footprin60% had10 yearsor lessof

contact: 18% were contacted in 1 ye#f in 2 years, 7% in 3 years, and 5% in 4 years. Another 5%
were contacted each year in they®ar data seHgurell, upper plot). The spatial distribution of

these cells, by number of years contacted is showigimmre12 (left hand plot). The most fished areas
coincide with areas known to support the major deepwater fisheries: west coast south Island, Cook
Strait, Puysegur Trench, Stewart Snares Shelf, Campbell Plateau and Chatham Rise (hoki, hake, ling,
silver warehou, Wwite warehou); Taranaki (jack rrieerels); Challenger Plateau and various locations
along the east coast of the North Island (orange roughy).

Of cells contacted by the deepwater footprint, ab6&t 2n = $10 were contacted in 262and5%

(n = 2033cells) were last contacted in ZD@nother 4% were last contacted during 02021, and

about 5% have not been contacted since 2@@yrell, lower plot). The spatial distribution of

these cells by the last year fished is showRigure12 (right hand plot). Many cells in the location of
areas known to support major deepwater fisheries mentioned in the previous paragraph have been
contacted in the most recent (3)&shing year.
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Figure 11: The number of cells contacted in annual year bins (upper) and the number of cells in each bin
representing the number of years since a cell was last contacted (lower) for 192023.
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Figure 12 Distribution of the deepwater cells, by the number of years contacted (left), and by the most recent year fished (right) between 1990 an8.202
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5. RESULTS: INSHORE TRAWL FOOTPRINT, 2008 i 2023 (straight -line approach)

5.1 Inshore data

The groomed inshore data for 20@823 yielded a data set g9 338bottomcontacting tows for the
spatial analysisTable12). For the B-year time series, the main form type used to report inshore data
was the TCERG8.4% of inshore bottortontacting tows), with another B% from TCEPRs and

20.3% from ERS. The TCER and TCEPR forms are now obsolete, having been superseded by the
ERS, which has accounted for 9@ffttowsin 2020 and 100% in each of the lsteeyears. Note

that the ERS form was introduced in the 2018 fishing year, being phased in until becoming the
exclusive means of reporting fishing effort.

The brief for this study does not include analyses by species or fislistbek tharsome select
target/target groups to compare gteightline andhybrid methods)but the fishstocks included are
listed in Table 2 to inform the reader which fishstocks comprise the inshore data set.

Over the B years, the number of vessels steadily dropped fra#nir22008 to 16in 2023 (Table

12). Throughout the time series, most tows have been carried out by smaller vessels under 28 metres

in |l ength (category 03and97.5% af allanshare towsrgP5.3%ofor allb et we e n
years combine@Table13). A total of 3.9% of tows for the time period were carried out by vessels

bet ween 28 and 46 metres (category 6B6), 0.3% by
and 0.5% by vessels over 82 metres in l&ngth (ca
Mules 2021ab, MacGibbon & Mules 2023) have found that larger vessels cased@s having

targeted 6inshorebd species were mainly targeting

The effort dropped from a peak in 2010 (81089 bottomcontacting tows) to a low in 28230 892
tows). There has been an overall declining pattern in the number of tows throughout the time series.

Table 122 Total number of bottom contacting inshore tows for each year, and the percentage of TCER,
TCEPR, and ERS forms, and the number of vessels each year.

Year Total no. of tows TCE TCP ERS No. of vessels
2008 50716 82.3 17.7 0.0 216
2009 52 494 82.9 17.1 0.0 196
2010 58 039 84.9 15.1 0.0 203
2011 53214 84.3 15.7 0.0 208
2012 52716 85.0 150 0.0 192
2013 53 244 87.2 12.8 0.0 182
2014 52 767 85.2 14.8 0.0 180
2015 46 578 85.6 14.4 0.0 170
2016 45 660 86.4 13.6 0.0 171
2017 46 734 85.3 14.7 0.0 162
2018 42 903 86.5 8.4 5.1 153
2019 39 406 68.5 3.3 28.3 149
2020 35 397 1.0 0.0 99 142
2021 35 868 0.0 0.0 100 140
2022 32710 0.0 0.0 100 127
2023 30 892 0.0 0.0 100 116
All years 729338 68.4 11.3 20.3 303
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Table 13: Percentage of tows by vessel length category and total number of bottarantacting tows for
each year. See Section 2.2.2 for vessel category definitions.

Year A B C D Total
2008 92.5 6.9 0.5 0.1 50716
2009 93.1 6.3 0.4 0.1 52494
2010 94.8 4.4 0.2 0.6 58039
2011 95.7 3.5 0.3 0.5 53214
2012 97.1 2.2 0.5 0.2 52716
2013 97.5 1.9 0.1 0.5 53244
2014 96.0 3.3 0.1 0.6 52767
2015 96.0 3.2 0.3 0.6 46578
2016 96.4 3.1 0.3 0.2 45660
2017 95.2 3.9 0.3 0.6 46734
2018 94.8 4.1 0.2 0.9 42903
2019 95.1 4.5 0.1 0.3 39406
2020 94.0 5.1 0.1 0.9 35397
2021 94.7 4.0 0.3 1.0 35868
2022 95.3 3.6 0.2 1.0 32710
2023 96.0 2.9 0.4 0.7 30892
All years 95.3 3.9 0.3 0.5 729338

5.2 Spatial extent

Overall, 15102cells were contacted by trawls with inshore targets (based on TCERs, TCEPRs, and
ERS data) during 2002023, with the swept areas for all tows summing to an estimated aggregate
area of 84 451km?to give an overall footprint of Z5311km? (Table14). This footprint represented
3.7% of the EEZ+TS andl% of the fishable area; and the 2@@otprint represented 0.7% of the
EEZ+TS and 2% of the fishable area.

Table 14:  Annual summary for the spatial overlap of the inshore bottorrcontacting effort for 2008
2023 and the overlap (%) with the EEZ+TS (4 111 569.7 kd) and fishable area (1 391 680

km?2).
Fishing year No. cells Aggregate (ki) Footprint (knf) % EEZ+TS % fishable
2008 9374 69 383.8 43 567.8 11 3.2
2009 9 300 72 955.4 45 805.7 11 3.3
2010 9 407 75 857.4 46 679.1 11 34
2011 9530 69 279.4 44 829.6 11 3.2
2012 9214 66 873.1 42 924.6 1.0 3.1
2013 9115 66 598.4 42 840.8 1.0 3.1
2014 9508 69 928.9 44 935.5 1.1 3.3
2015 9419 63914.4 42 255.8 1.0 3.1
2016 9288 62 297.3 410494 1.0 3.0
2017 9413 65 572.4 42 772.1 1.0 3.1
2018 9119 62 383.7 42 197.3 1.0 3.1
2019 8612 56 964.0 38 098.0 0.9 2.8
2020 7 040 47 915.3 31455.7 0.8 2.3
2021 7074 48 967.9 32 064.4 0.8 2.3
2022 6 497 44 256.1 28 718.9 0.7 21
2023 6613 41 393.7 27 842.5 0.7 2.0
2008 2023 15 102 984 541.3 152 310.9 3.7 11.0
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Between 2008 and 2018, the number of cells contacted ranged betiedA®113) and 9525 (2011).
In 2019 the number of cells contacted droppelbw 900Qto 8612 then again to just over 7000 cells
in each of 2020 and 2021. The number of cells contabtgaped agaim 2022to the lowest in the
time series at 6409then increased slightly to 6682023 The aggregate area was generally over
65000 knt (peak in 2010 at 7857 km?) until 2015 when it decreased in most years to a low of

41 394km? in 2023, coinciding with the lowest overall footpriaven though the number oflise
contacted increased slightly in 2023 compared with 2022

A similar trend was seen in the estimated footprint; during 22088 the footprint was always above
40 000 km, but this dropped in 2019 t@®98km?, then further still to 3856km? in 2020, before a
small increase in 2021 to 31 993%m2021, before drggng again t®8 719 in 2022 and again to
27483 knt in 2023,the lowest in the time series.

For all measures of contact, the five most recent years are the five lowes} witlu@923 being the
lowest in the time series for both aggregate area and footprint.

The spatial distribution of the 2008023 and 203 footprints and aggregate areas are shown in Figure
13. The overall range of the inshore footprint in 282much smaller than that of the fub-year

time series as would be expected whezasuresf contactareat a time series low. In 2@2he
footprintaround the North Islandas highest ifKaiparg outer Hauraki GulfBay of Plenty Cape
RunawayandHawke Bay Fa the Southlslandthe 2023 footprint was higheist Tasman Bay, mid

and lowereast coast South Island, migest coast South Islandnd south coast South Island
Predictably, the aggregate area shows a similar paeliowing very lowinshore fishing around the
Chatham Islands in 20Zmpared to past effoithere was no inshore effort at all in 2023.
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Figure 13: Distribution of the inshore fishstocks footprint (upper maps) and aggregate area (lower), by
25-km?cells, 20082022 (left) and 2023 (right).
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5.3

Extent of new cells contacted across the

2008i 2023 time series

The number of cells that were fished in one year, but not in previous years is shown itbFabk|
inshore data, where the base footprint was the 2008 footprint. These data are limited in extent because
data before the 2008 fishing year were not available to generate a spatial analysigxafadreesin
Section 3, the substantial data from CELR data collection that occurred before the 2008 fishing year
are not included here. Thus, Talileprovides data relative to 2008 only. As with the deepvwadta,
it is evident that in most of the years the contact in the new cells is of low intensity, because there is
little difference between the aggregate area and the footprint, and in some years they are in fact the
same (e.g., 202@022 and 203). This is likely (in part) to be an artefact of fiteering methodology
used to generate the spatial data alsdhecreation ofendpoints of TCER towgrior to ERS being
introduced which reports positions to a finer resolution #itdrer TCEPR or TCER forndid (ERS
positions are not jittered)n other instances, new cells could just represent the very edges of

established fishing areas or limited exploratory fishing.dissv e r y

kely that

c e Iwersefi@hed in years before 2008, but the reporting methods pribetmtroduction of the

TCERmake it impossible to determine this.

Table 15 For the inshore fishstocks, the number of cells contacted in a year, that had not been
contacted in previous years, and the aggregate area and footprint within those cells. A base of
9374 cells were contacted in 2008 (the fishing year that tovevel data were first collected for

all inshore fisheries), and, for example, 1483 cells were contacted in 2009 (but not in 2008),
with an aggregate area of 82.7km? and footprint of 795km?, 957 cells were contacted in 2010
but not in 2008 2009, with an aggregate a¥a of 6.2.3 km? and a footprint of 542.9km?.

Fishing year No. new cells

No. cells contacted in 2008 = 9 374

2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023

5.4

1443
957
793
483
367
410
320
297
244
189
125

69

7
10
14

Intensity

852.7
612.3
323.7
163.8
138.3
167.0
135.7
83.0
73.4
63.2
38.4
24.0
4.3
3.6
3.6

Aggregate area (ki Footprint (knf)

795.0
542.9
315.8
160.1
135.5
163.2
132.9
82.8
73.2
63.1
37.6
24.0
3.7
3.6
3.6

Footprint as % aggregate an

93.2
88.7
97.6
97.7
98.0
97.7
97.9
99.8
99.7
99.8
97.9
100.0
86.0
100.0
100.0

many

For the combined 2002023 inshore fishstocks data, the median number of tows that contacted a cell
was 31, (mean of3B.7), and 50% of cells were contacted by between 3 86dakvs, with a
maximum of @56tows over the total data dgumulative total over all year§)able16).

The median number of tows in a cell in a year was abdtdws during 20082023 (Table17). The
mean numbers were relatively steady from 2@08.4 at around 289 tows per cell, before
decreasing slightly to aroundiZ&7 tows thereaftewith 2023 having the lowest mear24t5 tows

The maximum number of tows however has fluctuated more during this time ranging bet®een 40

and684tows per cell. In 202 the maximum number of tows in a cell va&3 a substantial decrease
from 2022 (nean of 649 tows)
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For the combined 2002023 inshore data, the median aggregate area for a cell @&s’ (mean
65.2km?), and 50% of cells had an aggregate area of between 0.7 &rdri?, with a maximum of
16882 knt (Table16). For the annual data, the aggregate area has fluctuated somewhat, ranging
between 98 km? (in 2020) and 17@.km? (in 2013) but appears to be declining overaitfle17).

The top ten cells by aggregate area for #gdar time period were off Kaka Point on the lower east
coast of the South Islanfive cells, 1B9i 1688km?), mid-east coast of the South Island near Timaru
(threecells, 281 1461 km?), just south of Te Waewae Baynecell, 1363km?), and southern Hawke
Bay (one cell, 331km?).

The top ten cells by tow count for thé-fear time period were in southern Hawke Bay (one cell,
6856tows), followed by the lower east coast of the South Island (five c8B3j 6822tows), mid

east coast of the South Island just south of Timaru (two c@l8l 5745tows), inner Tasman Bay

(one cell, ®B84tows), and the area just south of Te Waewae Bay (one 82Rt&ws). The only cell

that was not in the top ten by aggregate area was the one in inner Tasman Bay, which was still the
22" most intensely fished cell as measured by aggregate area (184 kin is not surprising; it is
logical that tlere would be a correlation between tow count and aggregate area. While it is possible
that featurebased fishing might have relatively low aggregate areas for a given number of tows,
inshore fishing tends not to be based on underwater features.

The footprint estimates in comparison with aggregate area values indicated that many cells have low
levels of contact with all years having medians under 3dgadmeanss kn? or less(Table17). The
maximum footprint in all years is close to 25%rhe total area of a cell, though most cells are not
contacted to this extent. While no cell was completely contacted in any one year, many cells have
been when considering the whole time period combifabl€16).
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Table 16: Summary data for the number of tows that contact a cell, the aggregate area, and the footprint by-RE? cell for the inshore data, for the combined
fishing years 20082023. Annual summaries are given in Tablel7.

No. of tows
Aggregate area (kfn
Footprint (kn?)

Minimum

1.0
<0.1
<0.1

1stquarter Median
3.0 31.0
0.7 7.0
1.0 5.0

Mean

258.7
65.2
100

34 quarter

2960
74.7
220

Maximum

6 856
1688.2
25.0

Table17: Annual summary data for the number of tows that contact each cell, the footprint, and the aggregate area for inshore dataQ&®023, giving the 25th
percentile (1stQuartile), median, mean, 75th percentile (3rdQuartile), and the maximum. The minimum number of tows that contacted each cell was 1
(where cells were contacted) and the minimum values for the footprint and aggregate areas was < 0.0001.

Fishing No. of tows Aggregate area (ki Footprint (knf)
year 1st Qu Median Mean 3rd Qu Max 1stQu Median Mean 3rd Qu Max 1st Qu Median Mean 3rd Qu Max
2008 2 11 287 34 579 0.6 25 7.4 9.2 1535 0.5 2.3 4.6 7.3 248
2009 2 12 304 37 564 0.6 2.9 7.8 9.9 135.8 0.5 2.6 4.9 7.8 247
2010 3 12 323 38 623 0.6 2.9 8.1 9.7 1384 0.6 2.7 5.0 7.6 248
2011 2 11 29.2 37 661 0.5 2.6 7.3 9.4 137.7 0.5 2.4 4.7 75 248
2012 3 13 297 36 540 0.6 2.9 7.3 8.9 131.6 0.6 2.7 4.7 7.2 248
2013 3 12 30.2 36 684 0.6 2.8 7.3 9.1 170.2 0.6 2.6 4.7 7.2 249
2014 3 12 29.6 36 563 0.6 2.9 7.4 9.0 1426 0.6 2.6 4.7 72 246
2015 3 11 27.2 32 536 0.6 2.6 6.8 8.3 110.3 0.6 2.4 4.5 6.7 23.9
2016 2 11 26.9 32 602 0.6 2.6 6.7 8.1 1424 0.5 2.4 4.4 6.7 245
2017 3 11 276 34 613 0.6 2.7 7.0 8.6 166.4 0.6 2.5 4.5 6.9 24.8
2018 3 12 26.8 35 507 0.7 2.8 6.8 9.1 104.8 0.6 2.6 4.6 7.2 239
2019 3 10 25.6 33 616 0.6 2.5 6.6 8.7 107.1 0.5 2.3 4.4 6.9 244
2020 4 13 26.3 33 403 0.8 3.2 6.8 88 959 0.8 2.8 4.5 6.8 24.0
2021 4 14  26.9 34 592 0.8 34 6.9 9.2 1325 0.8 2.9 4.5 7.1 238
2022 4 13 26.9 34 649 0.8 3.1 6.8 8.8 112.0 0.8 2.7 4.4 6.7 23.6
2023 4 12 245 31 563 0.8 2.9 6.3 8.3 1145 0.7 2.6 4.2 6.5 241
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5.5 Number of years contacted

Of the 15102cells contacted by the 2008023 inshore footprint, 8% (7317cells) had under 10

years of conta¢tl9% (2859 cellswere contacted in 1 yed8% (1208 cells)n 2 years£% (906 cells)

in 3 years, and 4%©04 cells)in 4 years. 3% were contacted each year in tieykar data sefgure

14, upper plot). The spatial distribution of these cells, by number of years contacted is shown in
Figurel5 (left hand plot) Most cell aroundhe entire coastline ka contact in all 6 years in this

time period. Beyond that the number of years fished for most cells drops to arédddyg@rs and

then just a few (113) years. Cells around the Chatham Islands have more variation in the number of
years contacted (83 years) as does theearnorth 6the Taranaki Bight and to the west of Raglan

and Kawhia. Notable coastal areas with no contact include the lower west coast of the South Island
between Secretary Island and Resolution Island. The steep topography here makes this area unsuitable
to trawling and it very quickly drops away beyond 1600 m (the limit of the fishable area in this study).
Other notable areas with no contact include very close inshore on the west coast of the North Island
and in the Hauraki Gulf. While most of these areas have tisleed, they are currently closed to

trawling and area closures in this study are applied retrospectively to include all years in the data set
whether trawling was banned in a given area for the entire time period or not.

Of cells that were contacted by the inshore footpridp4n =6613 were contacted in the most
recent year, % (n = 10 82) have been contacted in the last five years, and 88% 38357 have
been contacted in the last ten years (Figdtdower plot).The areas that have been contacted every
year during theperiod covered by the studyemostly coastal and found most of the way around the
coastlines oboth the North and South Islan@i&gure 15, left hand ploffhe most notable gagsa

effort around the coast aodf the west coast of the North Islatektensive closures to protect Maui
dolphins) and Fiordlandvhich isdue in part to benthic protected areas being in place, as well as
steep topographyhich isdifficult to trawl on The spatial distribution of the most recent year in
which cells have been contacted in is shown in Figbrgight hand plot) Most of the coastal area
has been fished in the most recent fishing year covered by this study, @€l2as asmaller area
around the Mernoo BanKhere was no inshore effort aroutind Chatham Islande the 2023 fishing
year.
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Figure 14: The number of cells contacted in annual year bins (upper) and the number of cells in each bin
representing the number of years since a cell was last contacted (lower) for 202823.
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6. RESULTS: USING GPR DATA TO CORRECT HISTORICAL STRAIGHT-LINE
DATA

The threeareasselected 0 assess the feasi bi aréeshownbeldwindet ect i ng
Figure 16.

The first data set (left hand plot in Figure ¥&re very muclstraightlines, like parallel tramline
tracks for both thetraightline and hybrid dataGiven that the tows were already largstaight
lines, so was the standard tow and adding the 25cesrto norGPR track lines made little
difference.

The second data set of trawls (centre plot in Figure 16) consistently followed the coagRRthe

data, very different from thetraightline tracks between the start and finish positidiany GPR

trawls followed a Ushape, ending near the start point, others only followed one leg. No meaningful
standard tow was easily derived, but a more selective approach could remedy this. The coastal pattern
is already evident in the GPR data.

The third set of trawls (right hand plot in Figure 16) showed a consistent avoidance of a central area
which was not apparent in tis&raightline data. While almost all GPR trawls curved around the
dole&j the tow direction showed no clear pattern, covering 3§®nodstandard towwas relevant

Figure 16: The three areas selected to assess the feasibility of detecingt andar d t oows é. The b
orange linesdepict thetows using thestraight-line method, and the redor greenlines are the
equivalent tow linesusing the GPR data.

7. RESULTS: ALL STOCKS, COMPARISONS OF THE STRAIGHT-LINE AND
HYBRID METHODS (20191 2023)

The hybrid approach to estimating trawl footprint has been applied from the 2019 fishing year
onward, coinciding with the introduction of GPR devices on some ve¥gbile coverage was low in
this year, there i&PR data available and it is considered to provide a better representation of trawl
paths than thetraightline method As suchwe will begin hybrid analyses that make use of GPR data
from 2019, even if the improvements are only to a relatively small numliishiofg eventsn 2019

Data fromprior to 2019 ar@otconsideredor the hybrid method here because we seek to assess what
effect thehybrid method has when compared toshraightline method. ASGPR data are only

available fors out of 34 years for deepwater, a@ndut of 16 years for inshore and All Stocks data

sets the straightline method willdrown out anydifferencesbetween the two methodlsat may exist

for the various measures of contact investigdfed.the purposes of comparisor,dnly considering
straightline data2019 onwards when GPdata became availabli will be easier to identify what, if

any, differences est.
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Thetotal number oftows, number o$traightline tows (for which there is no corresponding GPR

data), number of tows with GPR dagad the percentage of total tows that had GPR data is given by
fishing year in Appendix D in Table D1. As mentioned, coverage was low in\&i ust48.7% of

all tows having at least one GPR ping occurring between the start and end positions given in the ERS
reporting formsThis increased rapidly 82%in 2020, then 9%, 95.6%, and 97% in each of the last

three years reggtively. While all vessels are supposetidwe GPR devices fitted, there will always

be some tows without GPR data for a variety of reasons incledjuigment failure, and tows that

began and ended before GPR devices could ping.

ThemedianGPR pingrate of vessels in the All Stocks data set that ping at least once every 11
minutes,and those that ping once every 11 minutes or longer is given in TabMd3Ryvessels ping

more frequently than once every 11 minutex] the percentage of total vessels that ping at least as
frequently as thatas increased over the fiyear time period from 63.7% in 2019 to 82.1% in 2023.
More frequent mgs in between start and finish positions allow for more successive trawl tracks to be
constructed andllow for more realist trawl pathdo be constructe(see section 2.5)

7.1 All Stocks hybrid and straight -line comparison: s patial extent

The number of cells contacted, aggregate area, and footprint for t8&0&kKs hybrid andtraight

line data sets are given in Table 18. For each measure of contact the ratio is expressed as a percentage
of the hybrid value to thstraightline value. Where values are below 100%, this means the hybrid

value is smaller than the correspondatigaightline value, and where greater than 100% the hybrid

value is larger than thatraightline. Similarly, whenmetricssuch as the number of celfsymber of
tows,aggregate area, or footprint have a negative ialgédecause the hybrid valigless than the
correspondingstraightline value.

Table 18: The number of cells, aggregate area (k&) and footprint (km?) for the All Stocks hybrid and
straight-line data sets. The ratio for each measure of contact is expressed as a percentage of
the hybrid value to thestraight-line value.

Cells Aggregate area (kih Footprint (kn?)
Year Hybrid Straightline Ratio Hybrid Straightline Ratio Hybrid  Straightline Ratio
2019 15646 15665 99.9 180120.1 142230.7 126.6 83768.6 80235.5 104.4
2020 13646 13866 98.4 170741.4 128893.7 1325 72630.1 69784.2 104.1
2021 14352 14436 99.4 169730.5 129285.7 131.3 76975.1 73996.4 104.0
2022 13688 13794 99.2 166851.4 124125.7 134.4 73230.3 70566.3 103.8
2023 14061 14210 99.0 170833.6 121374.1 140.7 73566.5 68779.6 107.0

The ratios for the number of cells contacted ranged bet@@dnand 99.9%, representing a close
match between the two data sets in all five years covered, but indicating that the hybrid data set
contacted fewer cells each yehy between220 and-19 cells The closest matcis in 2019, and

while there is little difference in all yeatthis is the smallest difference and is quite likiehbe

related to the fact thainly a small proportion of the New Zealand fishing fleet had begun to use GPR
devices in this year.

For the aggregate area, the ratios are substantially higher than for the number of cells contacted,
ranging betweef26.6% and 140.7%differences of betweed7 890 andl9 460 knd), meaning that

in all years, the hybrid data sgdve higher aggregate areas tharstr@ghtline data setThis was

first shown in the studipy MacGibbon & Mules (2023) which develop#te methods used here to
incorporate GPR dat&PR tows will always be longer than the equivaktrdgightline method,

unless of course the GPR tow is an actti@ightline. As such, when thedenger tows are laid over
one another to form the aggregate area, it is logical that the aggregate area will be latber than
straightline equivalent as a longer tow will have a higher swept area. Figurelaw, takerfrom

Mules & MacGibbon (2023)lemonstrates the potentialigst differences between the tows
calculated using thieybrid method and thetraightline method.The degree of difference will vary
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but the plots below have been selected as good candidates to demonstrate how different they can
potentially bein terms of both shape and distaf@ed hence swept area)

Figure 17: (taken from MacGibbon & Mules 2023} A selection of trawl paths created using GPR data
(orange lines) and the corresponding -ltionwesb cr eat e
method (green lines).

The footprintsarealsolarger in every year for the hybrid data set when compared witréight

line data set but the ratios dmverthan for the aggregate areanging betweet03.8 1076
(differences of betweeP664and4787km?) for the time seriesneaning that the hybrid daf@otprint
ranged between 4 and 7% larger thanstin@ightline equivalentsThis difference arises because tows
mapped using GPR data can follavegular trawl paths, whi@éh when forming the outer boundary of
the footprin® can extend beyond the limits defined by straigie approximationsTake br

example, the bottorexample in Figure 1 If this green tow gtraightline footprint) representthe

right hand extreme ain overallfootprint, then the orange line (hybrid footprint) shows the potential
for the edge of the footprint to extend beyavitere thestraightinemet hod def i nes t he f
edge.ln some areas however, it is possible that if curved trawl tracks curved inwardsstaiglat

line between twoints, the footprint could be lower for the hybrid d&war some of the individual
target species examindus is the caswith hybrid footprins smaller than the equivalent straight line
footprintin some instancgseesection 1tand AppendicesiE). Figure18 demonstratethis, where
the hybrid data set shows thgbrid footprintaround a contour, and the equivalent stralijet

footprint traversing the top of the@ktour and covering more ar&e nature of theeabed contours
foul ground t h andfisher bebavioubwl likely adetemnine@which applies to a
given areand/or target fishery
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Figure 18: The straight-line footprint for a selected areaand targét fishery [lue lines) and the equivalent
hybrid footprint ( red lines) plotted over the top of the straightline footprint .
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Figure 19: The straight-line footprint superimposed over the hybridfootprint (left plot) and vice versa (right plot)for 2019 to 2023
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Figure B shows thestraightline footprint superimposed over thgbrid footprint(left plot). It can be
seen that the hybrid footpriektends from the edges of thigaightline footprint in a number of
places though not extensivel heright-handplot, where the hybrid footprint is superimposed over
the straightline footprint, shows that thetraightline footprint also has some ardastareexclusive
toit. Figure20 shows the spatial distribution of thgbrid andstraightline footprints bydegree of
contact. At this resolution, there is little difference that can be seen between the two data sets
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Figure 20: Distribution of the All Stocks footprint for the 20191 2023 fishing years combined (upper plots)
and 2023 (lower plots) for the hybrid andstraight-line data sets.
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7.2 All Stocks hybrid and straight -line comparison: Extent of new cells contacted
across the time series

The number of cells that were fished in one year, but not in previous years, is shicafaheiio

where the base footprint was created098 2018 using thatraightline data set. The ratio for the
number of new cells contacted each yativeen the two data sets ranged ftin. 5% to 28.3%,
representing differences of between 18 and 268 ddiks.increasingrend in the number of new cells
contacted by the hybrid data set is interesting, particulaityagpears to be the opposite to the
straightline method. The likely explanation for this is tiia¢ base number of celi®nsists othose
contacted by thetraightline approach using years 20@18. Thais all tha is available over a
reasonable period of tinte create a base because there is only GPR data from 2019 and even then
coverage was lowlhe sudden inclusion of GPR data and its ability to capture locations that may
always have been contacted resultmore6 n e wd c el | s uding thenhgbricapproachc t e d
Given that the number of vesselgh GPR devicesndtheping rate has increased over tastfive
years(see Appendix D)the number of new cells according to the hybrid data set has been increasing.
Really, all that haskely changed is our ability to capture more accurately where vessels have
probably always gone.

Ratiosfor the aggregate aregre higher for the hybrid data set in all yeaasging betweenlb. 7?6
and897.8%, representing differences of between 43 and 1306 \kfile these are substantially
different ratios and differences between the two data sets, in the context of theAdlvEtaltks
aggregate areas each year, the differences are relatively small.

For the footprint, the ratio ranged betwedr3 B and759.4% representinglifferencesof between
34 and1149 kn?. Again, while these are relatively large differences between the two data sets
terms of the ratiggn thecontextof the overall footprint, the differences are relatively small.

When considering the footprint as a percentage of the aggregateaieaata set has a relatively
close match, between 8¥%3and 96.2% for the hybrid data set &8 and 98.1% for th&traight

line data set. This suggests tli@at both, the aggregate areas are not much larger than the footprints,
resulting in the ratio between the two data sets for this measure being faighatietveen 84 %

and 100.1%This suggeststhato st of the fi shi ng nminorexploraton® ar eas

fishing or fishing on the margins of already established areas.
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Table 190 Number of new cells contactedby year, the corresponding aggregate area and footprint of those cells, and the footprint as a percentage of the aggregate

area for fishing years 2019 to 2023, for thall Stocks hybrid and straight-line data sets. The ratio of each measure is expressed as a percentage of the
hybrid value to the straight-line value.

No. of new cells Aggregate area (kfh Footprint (kn?) Footprint as % of aggregate are
Year Hybrid  Straightline Ratio Hybrid Straightline Ratio Hybrid Straightline Ratio Hybrid Straightline  Ratio
2019 258 240 107.5 299.7 256.8 116.7 281.7 2475 113.8 94.0 96.4 975
2020 250 221 1131 434.0 341.3 127.2 417.6 328.1 127.3 96.2 96.1 100.1
2021 354 146 242.5 903.6 185.3 487.6 774.6 175.7 440.9 85.7 948 904
2022 447 190 235.3 1503.8 198.1 759.1 1343.3 194.4 691.0 89.3 98.1 91.0
2023 415 147 282.3 1325.7 147.7 897.6 1078.3 142.0 759.4 81.3 96.1 84.6
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7.3 All Stocks hybrid and straight -line comparison: Intensity

For the combined 2012023 data, the minimum number of tows for contacted cells was one for both
data types (Tabl20). The ratio between the two data sets for the median number of tows that
contacted a cell waslB.8% but this was for a difference jufstthreetows. The ratio for the mean
number was 14.9% and this represented a differencd8tows. The ratio for the maximum number

of tows was 24.7%and represented a more substantial differen&3éfows.

For the aggregate area the minimum area was essentially the same for both data types at less than
0.lkm> Ratios have not been calculated because whi
identical but the values are so small as to not warrant further consideration. The ratio for the median
aggregate area 519, though there is little actual differen@4 vs7.9km?). The mean is again

higher for the hybrid data (ratio 084%, or43vs 32.1km?). The most substantial difference is for

the maximuny(ratio of 272% or3601.6vs 1322.5km?).

The spatial distribution of the aggregate area for both dataitygbswn inFigure21for all years
combined (upper two plots) and for the most recent fishing year (lower two plots). As with the
footprint, at this resolution, there is no appreciable difference. Thehevwsever, a need to have
different categories witBubstantiallyhigher upper ranges for the hybrid data set for all years
combined. The overall spatial location of intensity is much the same hqweeerif the values of
intensity may differ

As for theaggregate area, the minimum footpiBwery small <0.1 knf for both data setsneaning

that the ratias essentially meaningless. The ratio for the media@3s2o, which represents a
difference of jusD.3km? 6.1vs 5.8km?2 The mean footprint has a ratio di0Pb, with both data sets
having a mean footprint &9km?. The maximum footprint for both data types is equal to the area of
a cell, which cannot exceed 25 krand so the ratio is therefore an exact match of 100%.

The same summary information by year is given in Tathlé'he annual ratio for the median number
of tows that contacted a cetinged from 10i 120%, orli 2 towseach yearFor the mean, the ratio
ranged fromL09.7 118.6% or a maximum difference df2towsin any one yearor the maximum,
the annual ratio ranged frond1L 1 113.9%, representinglifferences of between7 and 83tows.

The annual median ratios for the aggregate area in a celldrfroge 109.71 122.6% but in no year

did the actual difference sguare kilometreexceed (¥. The ratio for the meaaggregate aremas

very close in each year, ranging fron61&® 142.4%, and represented a difference between data types
of no more thar3.6 km?in any one yearThe ratios for the maximuaggregate area were more
substantialyangng from 156.9 396.3% or between 254 and 857 km

The annual median ratios for tfeotprintin a cell ranged from@6.5 111.1% (a maximum

difference of 0.3 ki), and the means fron03.6 108.3% (a maximum difference d¥.4 knf). The
maximum footprint for both data types in all years is equal to the area of a cell, which cannot exceed
25 knt, and so the ratio is therefore an exact match of 100% in all years.
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Table 20: Summary data for the number of tows that contact a cell, the aggregate area, and the footprint by-R? cell for All Stocks, for the combined fishing
years 20192023, for the hybrid andstraight-line data. The ratiois expressed as a percentage of the hybrid values to #teaight-line values.

Minimum 1st quartile Median
Hybrid Straightline Ratio Hybrid Straightline Ratio Hybrid Straightline Ratio
No. of tows 1 1 1000 4.0 4.0 100.0 25.0 22.0 113.6
Aggregate area <0.1 <0.1 T 1.2 1.1 109.1 9.4 7.9 119.0
Footprint <0.1 <0.1 T 1.1 1.0 110.0 6.1 5.8 105.2
Mean 3rd quartile Maximum
Hybrid Straightline Ratio Hybrid Straightline Ratio Hybrid Straightline Ratio
No. of tows 100.1 87.1 1149 114.0 98.0 116.3 3199.0 2565.0 124.7
Aggregate area 43.0 321 134.0 42.1 34.9 120.6 3601.6 1322.5 272.3
Footprint 8.9 8.9 100.0 16.0 16.2 98.8 25.0 25.0 100.0
Table 21: Annual summary data for the number of tows that contact each cell, thaggregate areaand thefootprint for All Stocks, 2019 2023, giving the 25th
percentile (1stQuartile), median, mean, 75th percentile (3rdQuartile), and the maximum. The minimum number of tows that contacted each cell was 1
and the minimum values for the footprint and aggregate areas was < 0.0001.
No. of tows 1st Quartile No. of tows median No. of tows mean No. of tows 3rd Quatrtile No. of tows maximum
Year Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio
2019 3.0 2.0 150.0 10.0 9.0 1111 27.2 24.8 109.7 32.0 29.0 110.3 699.0 616.0 1135
2020 3.0 3.0 100.0 11.0 10.0 110.0 29.7 255 116.5 34.0 30.0 113.3 792.0 724.0 109.4
2021 3.0 3.0 100.0 11.0 10.0 110.0 28.2 24.6 114.6 34.0 29.2 116.4 629.0 594.0 105.9
2022 3.0 3.0 100.0 12.0 10.0 120.0 28.1 24.2 116.1 33.0 29.0 113.8 657.0 650.0 101.1
2023 3.0 2.0 150.0 10.0 9.0 1111 26.8 226 118.6 320 26.0 123.1 638.0 563.0 113.3
Aggregate area 1st Quartile Aggregate area median Aggregate area mean Aggregate area 3rd Quartile Aggregate area maximum
Year Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio
2019 0.8 0.8 100.0 3.4 31 109.7 115 9.1 126.4 12.1 10.5 115.2 828.8 296.9 279.2
2020 1.0 0.9 111.1 4.0 34 117.6 12.5 9.3 134.4 12.5 10.1 123.8 700.4 446.4 156.9
2021 1.0 0.9 111.1 4.2 3.6 116.7 11.8 9.0 1311 12.4 10.4 119.2 754.2 225.7 334.2
2022 1.0 0.9 1111 41 35 117.1 12.2 9.0 135.6 12.4 10.2 121.6 778.0 210.9 368.9
2023 1.0 0.8 125.0 3.8 3.1 122.6 12.1 85 142.4 12.3 9.5 129.5 1145.6 289.1 396.3
Footprint 1st Quartile Footprint median Footprint mean Footprint 3rd Quartile Footprint maximum
Year Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio
2019 0.8 0.8 100.0 3.0 2.8 107.1 5.4 5.1 105.9 8.4 7.9 106.3 25.0 25.0 100.0
2020 0.9 0.8 1125 3.2 2.9 110.3 5.3 5.0 106.0 8.0 75 106.7 25.0 25.0 100.0
2021 0.9 0.8 112.5 3.3 31 106.5 54 51 105.9 8.1 7.7 105.2 25.0 25.0 100.0
2022 0.9 0.8 1125 3.3 3.1 106.5 5.3 51 103.9 7.9 7.6 103.9 25.0 25.0 100.0
2023 0.9 0.8 1125 3.0 2.7 1111 5.2 4.8 108.3 7.9 7.2 109.7 25.0 25.0 100.0
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556 All stocks hybrid aggregate area 2019 to 2023 5568 All stocks straight line aggregate area 2019 to 2023
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Figure 21: Distribution of the All Stocks aggregate area for the 2012023 fishing years combined (upper
plots) and 2023 (lower plotsfor the hybrid and straight-line data sets
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7.4 All Stocks hybrid and straight -line comparison: Number of years contacted

There is almost no discernible difference between the two data sets when comparing the number of
years cells were contacted (Fig@& upper two plots Similarly, there was little difference between

the two data sets for the number of years since a cell was last comteatali (Figure22, lower two

plots).

The spatial distribution for the number of years a cell was contacted for both data sets is shown in
Figure23 (upper two plots) and for the most recent year contacted (lower two plots). For both, there is
almost no difference that can be seen spatially.
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Figure 22: The number of cells contacted in annual year bins (upper) and the number of cells in each bin representing the number of gesince a cell was last
contacted (lower) for 20192023 for the hybrid data (left) andstraight-line data (right) for the All Stocks data set
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Figure 23: Distribution of cells, by the number of years contacted (top), and by the most recent year

fished (bottom) between 2019 and 2023 for the hybrid data (left) and ttstraight-line data
(right) for the All Stocks data set.
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8. RESULTS: DEEPWATER, COMPARISONS OF THE STRAIGHT-LINE AND
HYBRID METHODS (20191 2023)

As with theAll Stocksdata set,dr the purposes of hybrid data, we are reporting from the 2019

fishing year onwards, when GPR devices were first introduced onto some fishing vessels. While
coverage was low in this year, there is GPR data available and as it is considered to protede a bet
representation of trawl paths than gteightline method, we will begin hybrid analyses that make

use of GPR data from 2019, even if the improvements are only to a relatively small number of fishing
eventsFor each measure of contact the ratiaxisressed as a percentage of the hybrid value to the
straightline value. Where values are below 100%, this mélaatthe hybrid value is smaller than the
correspondingtraightline value, and where greater than 100% the hybrid value is larger than the
straightline value.

The total number of tows, numbersifaightline tows (for which there is no corresponding GPR

data), number of tows with GPR data, and the percentage of total tows that had GPR data is given by
fishing year in Appendix D in Table® Compared with the All Stocksoverage was much better for
deepwatepn its own (low coverage in 2019 in the inshore fleet lowered the avienragk Stocks)

In 2019 82.2% of alldeepwatetowshadat least one GPR ping occurring between the start and end
positions given in the ERS reporting forms. This increase®.&®in 2020, then 8.9%, 94.7%, and

96.1% in each of the last three years respectively. While all vessels are supposed to have GPR devices
fitted, there will always be some tows without GPR data for a variety of reasons including equipment
failure, and tows that begun and ended before GPR destzéd pingThe latter reasonan affect

some deepwater fisheries in particidach as tayet fisheries for orange roughy, oreo dory species,

black cardinalfish, and alfonsinehere tows are of a short duration underwater topographic

features.

The median GPR ping rate of vessels indbepwatedata set that ping at least once every 11
minutes, and those that ping once every 11 minutes or longer is given in BaklerBpared with the
All Stocks data set (which as mentioned, is influenceiidiynshore component), the ping rates are
more infrequentOnly a minority ofvessels pingd morefrequently than once every 11 minufes

the first three years with values of betw&3% and45.5%. Overall though the ping rateas

improved over time and in 2022 and 2023 the percentage of vessels pinging more frequently than
once every 11 minutegas 52.40 and 66.2% respectively.

8.1 Deepwater hybrid and straight -line comparison: spatial extent

The number of cells contacted, aggregate area, and footprint fdeepbavatehybrid andstraightline
data sets are given in Tal#2 The ratios for the number of cells contacted ranged betwee?%99.3
and100.6», representing a close match between the two data sets in all five years cwitbrind
hybrid data set sometirmeontacting fewer cellthan thestraightline data set, and sometimes
contacting moreln terms of numbers of cells, the difference between the hybridteaightline data
sets represented betwe&2 and 58 cells, a relatively small number as a proportion of total cells
contacted.

Table 22 The number of cells, aggregate area (k&) and footprint (km?) for the Deepwaterhybrid and
straight-line data sets. The ratio for each measure of contact is expressed as a percentage of
the hybrid value to thestraight-line value.

Cells Aggregate area (ki Footprint (kn¥)
Year Hybrid Straightline Ratio Hybrid Straightline Ratio Hybrid  Straightline Ratio
2019 10007 9981 100.3 120 531.1 85204.7 1415 46 336.7 43027.4 107.7
2020 9144 9206 99.3 114 706.4 80936.9 141.7 42 371.9 39 649.3 106.9
2021 9821 9763 100.6 112 155.4 80 058.5 140.1 46 283.0 43 054.1 107.5
2022 9423 9428 99.9 115178.8 79730.4 1445 45 614.2 42 950.8 106.2
2023 9582 9610 99.7 122 110.2 79905.8 152.8 46 657.0 42 158.3 110.7
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For the aggregate area, the ratios are substantially higher than for the number of cells contacted,
ranging between4D.1% and 52.8% (differences of betweer2®97 and42 204km?), meaning that
in all years, the hybrid data set gave higher aggregate areas tistraitietline data set.

The footprints are also larger in every year for the hybrid data set when compared withigfin

line data set but the ratios are lower than for the aggregate area, ranging betsvaietl 006
(differences of between 28&nd4499km?) for the time series, meaning that the hybrid data footprint
ranged betwee6% and 7% larger than thetraightline equivalents

Figure 21 shows the spatial distribution of the hybrid atichightline footprints by degree of contact.
At this resolution, there is little difference that can be seen between the two data sets.
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Figure 24: Distribution of the deepwater footprint for the 2019 2023 fishing years combined (upper
plots) and 2023 (lower plotsjor the hybrid and straight-line data sets
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8.2 Deepwater hybrid and straight -line comparison: Extent of new cells contacted
across the time series

The number of cells that were fished in one year, but not in previous years, is shicaaare?3
where the base footprint was created for 12908 using thatraightline data set. The ratio for the
number of new cells contacted each yestiwveen the two data sets ranged &% to 137.5%,
representing differences of betwe&rand3 cells.

Ratios for the aggregate arefethese new cellgere higher for the hybrid data set in all years,
ranging betweeB9.6% and120.%%, representing differences of betwe8r8and17 km?.

For the footprint, the ratio ranged betwed®?o and120.%6 representing differences of betwdkn
and14.9 kn?. These are similar values to the aggregate area beicatesms of area, the two

measures areery similarwithin data setsWhen considering the footprint as a percentage of the
aggregate area, each data set has a relatively close match, @8%esrd 100% for the hybrid data

set and 9.1% and10(% for thestraightline data set. This suggests that for both, the aggregate areas
are not much larger than the footprints, resulting in the ratio between the two data sets for this
measure being fairly close at betwé&ah1% and 1004%. This suggests that most of the fishing in

6newd areas is |ikely to be minor exploratory

area and either data set will show this
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Table 23:  Number of new cells contactedby year, the corresponding aggregate area and footprint of those cells, and the footprint as a percentage of the aggregate

area for fishing years 2019 to 2023, for the deepwater hybrid argtraight-line data sets. The ratio of each measure is expressed as a percentage of the
hybrid value to the straight-line value.

No. of new cells contacte Aggregate area (kfh Footprint(km?) Footprint as a % of agg are
Year Hybrid  Straightline Ratio Hybrid  Straightline Ratio Hybrid  Straightline Ratio Hybrid  Straightline Ratio
2019 69 68 1015 95.4 92.1 103.6 90.6 87.6 103.4 95.0 95.1 99.9
2020 54 54 1000 43.2 40.7 106.1 43.1 40.5 106.4 99.8 99.5 100.3
2021 63 70 900 71.9 72.2  99.6 69.9 69.9 1000 97.2 96.8 100.4
2022 54 57 947 70.2 53.2 1320 68.0 53.1 128.1 96.9 99.8 97.1
2023 11 8 1375 5.2 4.3 120.9 5.2 4.3 120.9 1000 1000 1000
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8.3 Deepwater hybrid and straight -line comparison: Intensity

For the combined 2012023 data, the minimum number of tows for contacted cells was one for both
data types (Table4). The ratio between the two data sets for the median number of tows that
contacted a cell was match between the two data sets%00r 10 kmtowseach.The ratio for the

mean number wa2P% and this represented a difference b8tows. The ratio for the maximum
number of tows wa$24.8% and represented a more substantial difference®fd3s. This is almost
identical to theAll Stocksdata setsuggesting that the maximum is driveinly by the deepwater
componentather than inshore

For the aggregate area the minimum area was essentially the same for both dadalagsethan

0.lkm> Ratios have not been calculated because whi
identical but the values are so small as to not warrant further consideration. The ratio for the median
aggregate area is 1.1%, though there is little actual differencel(#s 3.5km?). The mean is again

higher for the hybrid data (ratio @#4.®%6, or38.5vs 26.6km?). The most substantial difference is

for themaximum (ratio oR272.8% or 3601.6 vs 13Pkm?). Again, hese maximum values aaémost

the same as those for tA# Stocksdata set, suggesting that the maximumAfibiStocksis driven by

the deepwater component rather than the inshore.

The spatial distribution of the aggregate area for both data types ia shBgure 5 for all years
combined (upper two plots) and for the most recent fishing year (lower two plots). As with the
footprint, at this resolution, there is no appreciable difference. Thehevgever, a need to have
different categories with substantially higher upper ranges for the hybrid data set for all years
combinedand the 2023 fishing yeafFhe overall spatial location of intensity is much the same
however, even if the values of intensity may differ.

As for theaggregate area, the minimum footpismvery small <0.1 knt for both data setsneaning

that the ratias essentially meaningless. The ratio for the medid®8s/6, which represents a

difference of just @ km?, 3.2vs 3 km? The mean footprint has a ratio of219%, or 7.1 vs @ kn?.

The maximum footprint for both data types is equal to the area of a cell, which cannot exceéd 25 km
and so the ratio is therefore an exact match of 100%.

The same summary information by year is given in Tabl&Be annual ratio for the median number
of tows that contacted a cetinged from @G 120%, orOi 1 tow each year. For the mean, the ratio
ranged from 18.3 126.76 or a maximum difference of4itows in any one year. For the maximum,
the annual ratio ranged froma.@i 135.®%6, representing differences of betwd8and168tows.

The annual median ratios for the aggregate area in a cell rangedfgoir?3% but in no year did the
actual difference iisquare kilometresxceed (. The ratio for the mean aggregate area was very

close in each year, ranging froB9 153%, and represented a difference between data types of no
more thart.4km?in any one year. The ratios for the maximum aggregate area were more substantial,
ranging from156.9 396.4% or between 254 and 857 krithese are the same maximum values as

seen for th&ll Stocksdata setshowing that the deepwater component ofAhé&tocksdata set

drives its maximum values.

The annual median ratios for the footprint in a cell ranged frash1115.8% (a maximum difference

of 0.3 kn?), and the means from 4@ 111.4% (a maximum difference of ®km?). The maximum
footprint for both data types in all years is equal to the area of a cell, which cannot exceéd&&lkm
so the ratio is therefore an exact match of 100% in all years.
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Table 24: Summary data for the number of tows that contact a cell, théootprint , and theaggregate aresby 25-km? cell for deepwater, for the combined fishing
years 20192023, for the hybrid andstraight-line data. The ratio is expressed as a percentage of the hybrid values to thteaight-line values.

Minimum 1st quartile Median

Hybrid Straightline Ratio Hybrid Straightline Ratio Hybrid Straightline Ratio

No. of tows 1.0 1.0 100 2.0 2.0 100 100 100 1000
Aggregate area <0.1 <0.1 T 0.8 0.8 100 4.1 3.5 1171
Footprint <0.1 <0.1 T 0.8 0.8 100 3.2 3.0 106.7
Mean 3rd quartile Maximum

Hybrid Straightline Ratio Hybrid Straightline Ratio Hybrid Straightline Ratio

No. of tows 65.5 53.7 1220 46.0 40.0 1150 31960 25600 124.8
Aggregate area 38.5 26.6 144.7 23.6 190 124.2 3601.6 13210 272.6
Footprint 7.1 6.9 102.9 11.9 11.4 104.4 250 250 1000

Table 25: Annual summary data for the number of tows that contact each cell, the footprint, and the aggregate area for deepwat2®,19 2023, giving the 25th
percentile (1stQuartile), median, mean, 75th percentile (3rdQuartile), and the maximum. The minimum number of tows that contacted each cell was 1
and the minimum values for the footprint and aggregate areas was < 0.0001.

No. of tows 1st Quartile No. of tows median No. of tows mean No. of tows 3rd Quatrtile No. of tows maximum
Year Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio
2019.0 1.0 1.0 100.0 4.0 4.0 100.0 20.0 16.8 119.0 16.0 14.0 114.3 696.0 568.0 122.5
2020.0 2.0 2.0 100.0 5.0 5.0 100.0 22.2 18.3 121.3 18.0 16.0 112.5 792.0 724.0 109.4
2021.0 2.0 2.0 100.0 6.0 5.0 120.0 20.0 16.9 118.3 18.0 15.0 120.0 573.0 483.0 118.6
2022.0 2.0 20 100.0 6.0 5.0 120.0 20.6 16.9 121.9 19.0 17.0 1118 515.0 440.0 117.0
2023.0 2.0 2.0 100.0 6.0 5.0 120.0 20.9 16.5 126.7 20.0 15.0 133.3 638.0 470.0 135.7
Aggregate area 1st Quartile Aggregate area median Aggregate area mean Aggregate area 3rd Quartile Aggregate area maxmum
Year Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio
2019.0 0.5 05 100.0 2.0 1.7 117.6 12.0 8.5 141.2 9.3 7.1 131.0 828.8 296.9 279.2
2020.0 0.7 0.6 116.7 23 2.0 115.0 125 8.8 142.0 9.3 7.4 125.7 700.4 446.4 156.9
2021.0 0.7 0.6 116.7 25 21 119.0 114 8.2 139.0 9.4 7.6 123.7 754.2 2254 334.6
2022.0 0.7 0.6 116.7 26 23 113.0 12.2 85 1435 10.1 8.0 126.2 778.0 210.9 368.9
2023.0 0.7 0.6 116.7 25 2.0 125.0 12.7 8.3 153.0 109 7.6 143.4 1145.6 289.1 396.3
Footprint 1st Quartile Footprint median Footprint mean Footprint 3rd Quartile Footprint maximum
Year Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio
2019.0 0.5 0.5 100.0 18 16 1125 4.6 4.3 107.0 6.4 5.7 112.3 25.0 25.0 100.0
2020.0 0.6 0.6 100.0 20 18 1111 4.6 4.3 107.0 6.4 5.8 110.3 25.0 25.0 100.0
2021.0 0.6 0.6 100.0 21 2.0 105.0 4.7 44 106.8 6.6 6.1 108.2 25.0 25.0 100.0
2022.0 0.7 0.6 116.7 2.3 21 109.5 4.8 4.6 104.3 6.7 6.4 104.7 25.0 25.0 100.0
2023.0 0.7 0.6 116.7 22 1.9 115.8 4.9 4.4 111.4 7.2 6.1 118.0 25.0 25.0 100.0
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Figure 25: Distribution of the deepwater aggregate area for the 2012023 fishing years combined
(upper plots) and 2023 (lower plotsjor the hybrid and straight-line data sets
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8.4 Deepwater hybrid and straight -line comparison: Number of years contacted

There is almost no discernible difference between the two data sets when comparing the number of
years cells were contacted (Figu& @pper two plots). Similarly, there was little difference between
the two data sets for the number of years since a cell was last contacted overall @;iguverawo

plots).

The spatial distribution for the number of years a cell was contacted for both data sets is shown in
Figure Z (upper two plots) and for the most recent year contacted (lower two plots). For both, there is
almost no difference that can be seen spat#lthis resolution
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Figure 26: The number of cells contacted in annual year bins (upper) and the number of cells in each bin representing the number of gesince a cell was last
contacted (lower) for 20192023 for the hybrid data (left) andstraight-line data (right) for the deepwater data set.
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Figure 27: Distribution of cells, by the number of years contacted (top), and by the most recent year
fished (bottom) between 2019 and 2023 for the hybrid data (left) arttie straight-line data

(right) for the deepwater data set.
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9. RESULTS: INSHORE, COMPARISONS OF THE STRAIGHT-LINE AND HYBRID
METHODS (20191 2023)

As with theAll Stocksand deepwataftata sed, for the purposes of hybrid data, we are reporting from
the 2019 fishing year onwards, when GPR devices were first introduced onto some fishing vessels.
While coverage was low in this year, there is GPR data available and as it is considered to provide a
better representation of trawl paths thangtiaightline method, we will begin hybrid analyses that

make use of GPR data from 2019, even if the improvements are only to a relatively small number of
fishing eventsFor each measure of contaggtratio is expressed as a percentage of the hybrid value

to thestraightline value. Where values are below 100%, this means the hybrid value is smaller than
the correspondingtraightline value, and where greater than 100% the hybrid value is larger than the
straightline value.

The total number of tows, numbersifaightline tows (for which there is no corresponding GPR

data), number of tows with GPR data, and the percentage of total tows that had GPR data is given by
fishing year in Appendix D in Table D&overagdor inshorewas low in 2019with just 26.6% of

tows having corresponding GPR pinggmwever, this improved dramatically from 2020 onwards,

with values of between 93.2 afd.7% thereafter.

The median GPR ping rate of vessels initfshoredata set that ping at least once every 11 minutes,
and those that ping once every 11 minutes or longer is given in Tabig'illé.overall coverage of
inshore was low in the beginning of the time peribeé, rate at which inshore vessels pinged has
always been higher than for the deepwater fle&R2%pinged more frequently than once every 11
minutesin 2019, and the rate has increased over time to 87% in 2023.

9.1 Inshore hybrid and straight -line comparison: spatial extent

The number of cells contacted, aggregate area, and footprint fiostieehybrid andstraightline
data sets are given in Tablé. Zhe ratios for the number of cells contacted ranged betwed¥ 9
and99.7xb, representing a close match between the two data sets in all five years dmvettes,
hybrid data set contacting slightly fewer cells in all yelrserms of numbers of cells, the difference
between the hybrid arstraightline data sets represented betwea®and-181cells, a relatively
small number as a proportion of total cells contacted.

Table 26: The number of cells, aggregate area (k&) and footprint (km?) for the inshore hybrid and
straight-line data sets. The ratio for each measure of contact is expressed as a percentage of
the hybrid value to thestraight-line value.

Cells Aggregate area (kf Footprint (kn¥)
Year Hybrid Straightline Ratio Hybrid Straightline  Ratio Hybrid  Straightline Ratio
2019 8584 8612 99.7 59 527.1 56 964.0 104.5 38414.3 38098.0 100.8
2020 6911 7040 98.2 55990.3 47915.3 116.9 31974.1 31455.7 101.6
2021 6893 7074 974 57270.0 489679 117.0 32184.2 32064.4 100.4
2022 6416 6 497 98.8 515315 44256.1 116.4 29 071.8 287189 101.2
2023 8584 8612 99.7 59 527.1 56 964.0 104.5 38414.3 38098.0 100.8

For the aggregate area, the ratiosalrabove 100%, indicating that the hybrid data set had higher
aggregate areas in all years compared wittstitzeghtline data setThe ratios ranged from 1044to
117.5%, representing difference in area of between 26838302 krh

The footprints are also larger in every year for the hybrid data set when compared withi¢fin
line datg albeit only slightly, with ratios ranging from 100D2.5%.This represents differences in
area of between 12dnd 684 kr
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Figure B shows the spatial distribution of the hybrid atichightline footprints by degree of contact.
At this resolution, there is little difference that can be seen between the two data sets.
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Figure 28: Distribution of the inshore footprint for the 20197 2023 fishing years combined (upper plots)
and 2023 (lower plots¥or the hybrid and straight-line data sets
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9.2 Inshore hybrid and straight -line comparison: Extent of new cells contacted
across the time series

The number of cells that were fished in one year, but not in previous years, is shicafarei’
where the base footprint was created098 2018 using thatraightline data set. The ratio for the
number of new cells contacted each yestiween the two data sets ranged fa8rB8% to 100%,
representing differences of betwe&9 andO cells.

Ratios for the aggregate area of these new cells were higher for the hybrid data set in all years,
ranging betweeB0.6% and125.6%. While the ratios suggest big disparities between the two data
sets, in terms ddrea, thalifferencesare relatively small, betweefi2.9and 11 km?.

For the footprint, the ratio ranged betwen6% and118.% representing differences of between 0

and 14.9 krh These are similar values to the aggregate area because in terms of area, the two
measures are very similaiithin data sex When considering the footprint as a percentage of the
aggregate area, each data set has a relatively close match, t&tv@eand 100% for the hybrid

data set an86% and 100% for thetraightline data set. This suggests that for both, the aggregate
areas are not much larger than the footprints, resulting in the ratio between the two data sets for this
measure being fairly close at betwedn8% and 100%. This suggests that most of the fishing in
6newb6 areas is |likely to be minor exploratory fi
area, and either data set will show this.
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Table 27:  Number of new cells contacted by year, the corresponding aggregate area and footprint of those cells, and the footprint as a peagenof the aggregate

area for fishing years 2019 to 2023, for the deepwat@rshore and straight-line data sets. The ratio of each measure is expressed as a percentage of the
hybrid value to the straight-line value.

Cells Aggregate area (ki Footprint (kn¥) Footprint as % of agg are
Year Hybrid Straightline  Ratio Hybrid Straightline  Ratio Hybrid Straightline  Ratio Hybrid Straightline  Ratio
2019 125 125 100.0 37.5 38.4 97.7 36.7 37.6 97.6 97.9 97.9 100.0
2020 30 69 435 111 24.0 46.2 111 24.0 46.2 100.0 100.0 100.0
2021 5 7 714 5.4 4.3 125.6 4.4 3.7 118.9 81.5 86.0 94.8
2022 6 10 60.0 1.1 3.6 30.6 11 3.6 30.6 100.0 100.0 100.0
2023 11 14 78.6 3.5 36 97.2 3.5 3.6 97.2 100.0 100.0 100.0
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9.3 Inshore hybrid and straight -line comparison: Intensity

For the combined 2012023 data, the minimum number of tows for contacted cells was one for both
data types (Table&. The ratio between the two data sets for the median number of tows that
contacted a cell was a match between the two dataket®4d, ora difference of four towsThe ratio

for the mean number wa®9.1% and this represented a differenc& @& tows. The ratio for the
maximum number of tows wa®2.7®%6, and represented a more difference of 66 tows.

For the aggregate area the minimum area was essentially the same for both data types at less than
0.lkm> Ratios have not been calculated because whi
identical but the values are so small as to not warrant further consideration. The ratio for the median
aggregate area is 8%, though there is little actual differen@\s 7.6km?). The mean is again

higher for the hybrid data (ratio ollé.26, or28.7vs 24.7km?). The most substantial difference is

for the maxmum (ratio 0f109.3% or5355 vs 489.8km?).

The spatial distribution of the aggregate area for both data types ia shBigure @ for all years
combined (upper two plots) and for the most recent fishing year (lower two plots). As with the
footprint, at this resolution, there is no appreciable difference. Thehevwsever, a need to have
different categories with substantially higher upper ranges for the hybrid data set for all years
combined The overall spatial location of intensity is much the same however, even if the values of
intensity may differ.

As for theaggregate area, the minimum footpiBwery small <0.1 knf for both data setsneaning

that the ratias essentially meaningless. The ratio for the median7si% which represents a

difference of just @ km?, or 6vs 5.6 km?. The mean footprint has a ratio%8%, or8 vs 8.6 km?.

The maximum footprint for both data types is equal to the area of a cell, which cannot exceéd 25 km
and so the ratio is therefore an exact match of 100%.

The same summary information by year is given in TaBl&'Be annual ratio for the median number
of tows that contacted a cetinged from 10i 116.7%, or1i 2 tows each year. For the mean, the ratio
ranged froml02.7 111.9% or a maximum difference &t 2tows in any one year. For the maximum,

the annual ratio ranged from ILAI 105.%%, representing differences of betwéeand70 tows.

The annual median ratios for the aggregate area in a cell rangeddfo&r?0. 7% but in no year did

the actual difference isquare kilometres exce@®b. The ratio for the mean aggregate area was very
close in each year, ranging frd84.5 120.3%, and represented a difference between data types of no
more tharil.4 kn?in any one year. The ratios for the maximum aggregate area were more substantial
in comparisonranging from102.7 14%% or betweer2.9and51.5km?.

The annual median ratios for the footprint in a cell ranged 0413 107.7%%6 (a maximum
difference of ® km?), and the means fro02.2 104.8% (alsoa maximum difference of Bkm?).
Theratios for the maximum footprint ranged fr®8.4 to 103.4representing a maximum difference
of 0.8 knt for any one yeain no year did the maximum footprint for either data tggaal25 knt,
the maximum possible area of a cell.
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Table 28: Summary data for the number of tows that contact a cell, the footprint, and the aggregate area by-R&2 cell for inshore, for the combined fishing
years 20192023, for theinshore hybrid and straight-line data. The ratio is expressed as a percentage of the hybrid values to thiaight-line values.

Minimum 1st quartile Median

Hybrid Straightline Ratio Hybrid Straightline Ratio Hybrid Straightline Ratio

No. of tows 10 1.0 1000 5.0 4.0 125 37 330 112.1
Aggregate area <0.1 <0.1 T 0.9 0.9 100 9 7.6 118.4
Footprint <0.1 <0.1 T 1.0 0.8 125 6 5.6 107.1
Mean 3rd quartile Maximum

Hybrid Straightline Ratio Hybrid Straightline Ratio Hybrid Straightline Ratio

No. of tows 105.2 96.4 109.1 1370 1250 109.6 25250 24590 102.7
Aggregate area 28.7 24.7 116.2 37.6 33.1 113.6 535.5 489.8 109.3
Footprint 8.0 8.6 93.0 150 15.8 94.9 250 250 1000

Table 29: Annual summary data for the number of tows that contact each cell, the footprint, and the aggregate area foshore, 2019 2023, giving the 25th
percentile (1stQuartile), median, mean, 75th percentile (3rdQuartile), and the maximum. The minimum number of tows that contacted each cell was 1
and the minimum values for the footprint and aggregate areas was < 0.0001.

No. of tows 1st Quartile No. of tows median No. of tows mean No. of tows 3rd Quatrtile No. of tows maximum
Year Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio
2019 3.0 30 100.0 11.0 10.0 110.0 26.3 25.6 102.7 34.0 33.0 103.0 623.0 616.0 101.1
2020 4.0 4.0 100.0 15.0 13.0 1154 29.3 26.3 1114 37.0 33.0 1121 428.0 403.0 106.2
2021 4.0 4.0 100.0 16.0 14.0 114.3 30.1 26.9 111.9 38.0 34.0 111.8 627.0 592.0 105.9
2022 4.0 4.0 100.0 15.0 13.0 1154 295 26.9 109.7 38.0 34.0 111.8 656.0 649.0 101.1
2023 4.0 4.0 100.0 14.0 12.0 116.7 271 245 110.6 35.0 31.0 112.9 633.0 563.0 1124
Aggregate area 1st Quartile Aggregate area median Aggregate area mean Aggregate area 3rd Quartile Aggregate area maximum
Year Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio
2019 0.6 0.6 100.0 2.6 25 104.0 6.9 6.6 104.5 9.4 8.7 108.0 110.0 107.1 102.7
2020 0.9 0.8 1125 3.8 3.2 118.7 8.1 6.8 119.1 10.6 8.8 120.5 136.3 95.9 1421
2021 0.9 0.8 1125 4.0 34 117.6 8.3 6.9 120.3 10.7 9.2 116.3 157.3 1325 118.7
2022 0.9 0.8 1125 37 31 1194 8.0 6.8 117.6 10.1 8.8 114.8 160.9 112.0 143.7
2023 0.9 0.8 1125 35 29 120.7 75 6.3 119.0 9.6 8.3 115.7 166.0 1145 145.0
Footprint 1st Quartile Footprint median Footprint mean Footprint 3rd Quartile Footprint maximum
Year Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio
2019 0.6 0.5 120.0 24 2.3 104.3 45 44 102.3 7.1 6.9 102.9 24.0 244 98.4
2020 0.8 0.8 100.0 3.0 2.8 107.1 4.6 45 102.2 7.1 6.8 104.4 24.3 24.0 101.2
2021 0.8 0.8 100.0 31 29 106.9 4.7 45 104.4 7.2 7.1 101.4 24.3 238 102.1
2022 0.8 0.8 100.0 29 2.7 107.4 45 44 102.3 6.9 6.7 103.0 244 23.6 103.4
2023 0.8 0.7 114.3 2.8 2.6 107.7 4.4 4.2 104.8 6.7 6.5 103.1 24.4 24.1 101.2
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Figure 29: Distribution of the inshore aggregate area for the 20112023 fishing years combined (upper
plots) and 2023 (lower plotsfor the hybrid and straight-line data sets
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9.4 Inshore hybrid and straight -line comparison: Number of years contacted

There is almost no discernible difference between the two data sets when comparing the number of
years cells were contacted (Fig@® upper two plots). Similarly, there was little difference between
the two data sets for the number of years since a cell was last contacted overal3@iguver two

plots).

The spatial distribution for the number of years a cell was contacted for both data sets is shown in
Figure31 (upper two plots) and for the most recent year contacted (lower two plots). For both, there is
almost no difference that can be seen spatially at this resolution.
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(right) for the inshore data set.
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10. RESULTS: HYBRID AND STRAIGHT -LINE COMPARISONS FOR INDIVIDUAL
TARGETS OR TARGET GROUPS

Fisheries New Zealand requested that specific target fisheries or fisherieslypowestigatedo
see if differences exist between hybrid atrdightline approacheto estimating the footprints and
other summary statistics at the level of individual targets or target groups.

The results are summarised hetith respect to thaggregate areas and footpsiahd broadly

discussed in Section 1Comparisons are made by comparing the ratios between the hybrid and
straightline estimatesTheyare expressefir each measuras a percentagd the hybrid:straightine

value. Ratios of less than 100% indicate thathtyteid value was lower than the straiginie value,

100% indicates an exact match, and values over 100% indicate that the hybrid value was larger than
the straighfine value.The range of ratios seen across the years are presented biegewith tle
corresponding aegn square kilometrefor each ratioNote that the difference in area for the lower
value in the ratio range can sometimes be higher in terms of square kilometres than the difference in
the area for the upper value of the range (e.g. arrow squid). This can occur wiogrethealuein

the range of ratios com&®m largehybrid and straighline valueghat are a close matchor

examplea hybrid:straightine ratioof 150% is achievedor areas ofl00 and 150 krf a difference of

50 kn?. But for areas 00.2 and0.1 km? the resultingatio is 200% for a difference gdist 0.1km?. It

is for this reason that the difference in area for the given ratios is also repotteat|&@e ratios can

be put in the context of the arie@epresents. A ratio of 200% sounds substantial but may only be a
very small area.

More detailedresults for individual targewsr targetgroupscan be foundor selectedier one

deepwater fisheries, inshore target fisheries, orange roughy/oreo dory Marine Stewardship Council
(MSC) areas, and for hoki/hake/ling bycatch assessmentiardapendcesE, F, G, and H
respectively The more detailedppendices includesults and discussiof@r the spatial extenhew

cells contacted, intensity, and the number of years cells are coraactéite number of years since
cells were contacted

10.1 Hybrid and straight -line comparisons for selected tier one deepwater species

For all selectedier one deepwatdargetspecies, the hybrid methqdoduced larger aggregate areas
thanthe straighfine method in all yeargTable30). For some species the rangehgbrid:straight

line ratios seelis relatively small, for gample ESCR orange roughhere theratio ranged between
100.6and111.8% For othertarget speciethe differences were more substanfitalexample

southern blue whitingvhich ranged fron202.7 260.8% indicating thathe hybrid aggregate area
was at least double that of thigaightline estimate every yearhe wide areaovered by some
targetsmeans thasubstantiatifferences in the ratioan represent hundredsexenthousands of
square kilometres in a given year.

More variation is seen in the footprimiEeach target.arger hybrid footprints are seen in all yesafor
Jack mackerelsouthern blue whiting, and orange roughyieas/A and ESCRArrow squidhad

lower footprints in all year$or the hybrid methodScampi and orange roughy in NWGRoweda

mix wherethe hybrid footprint was higher someyearsbut lower in others compared with the
straightline methodFor a given speciethe footprints were a closer match than the aggregate areas
between the two method®flectedin the lower and upper ranges of the ratios for the footprint
compared with the aggregate area
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Table 30: The range ofratios (expressed as a percentag&r the hybrid:straight -line aggregate areasnd
footprints for selected tier one deepwater target fisheridsetweenthe 2019and 2023 fishing years
Values in parentheses represent theor respondingdifference in km? between thehybrid and straight-line
estimatesfor those corresponding ratios. Cells coloured greeare for measures where the hybrid value
was higher than the straightline valuein all years, cells in red are for measures where the hybrid value
was lower than the straightline values in all years, and clear cells are for measures whete hybrid
value was sometimes higher and sometimes lower than the straight line value

Target Aggregate aregatio (difference irkm?) Footprintratio (difference irkm?)

IMA 166.6 (2478.7) 197.7 (4704.0) 137.2 (1215.3) 145.7 (1284.6)
ScCl 1082 (672.3)i 112.4 (1145.1) 96.6(-157)1 100.3 (14.4

SQU 153.5 (7565.3) 181.7 (6175.6)*
SBW 202.7 (872.1) 260.8 (1256.8) 166.8 (500.4) 215.7 (412.1)
ORH-7A 103.0(82.9)i 112.7 (266.5) 101.5 (20)i 108.7 (128.5)
ORH -

NWCR 104.9 (230) i 121.1 (101.0) 97.2(-11.5)i 106.8 (23.7)
ORH- ESCR 100.6 (6.5)i 111.8 (217.1) 100.2 (1.7)i 107.0(98.7)

10.2 Hybrid and straight -line comparisons for selected inshore target

species /groups
Hybrid ggregate areasere higher in all years for all targets groups excepomeryear infAR 4
(Table31). The lower hybridaggregate ardfar TAR 4was in2022, on the back of rapidly declining
aggregate areas before there was no targetitagaiihi in TAR 4 at all in 2023The variatiorseen
across targetsould berelativelynarrow(e.g.101.7f 104.5% for TAR 8),or relatively large (e.g.
137.8 220.7% forBAR 4). The magnitude dfiifference in ratio de s metéssarilycorrespond to
large differences in terms of square kilometfes example, the upper ratio 186.9% for TAR 5
represereda difference of 2&m?in thatyear, butfor WCNI mixedtargetsthe upper ratio 0107.2%
represented a difference of 352.5%km

For the footprint, the selected targets showexevariation.The hybrid footprint was larger in all

yearsfor just over half of th&0 different inshorgroups investigatedEMA 2 mixed targetsBAR 1,

BAR 5, BAR 7, TAR 5, ECSHlatfish, ECSImixed targetsSCSI STA, TBGB FLA, andboth mixed

target combinations investigated in TBGBe footprint was lower in all years for the hybrid method

for four groupsFMA 1 mixed targetsTAR 2, TAR 4, and TAR 88AR 4, TAR 1,TAR 3, TAR 7,

and WCNI mixedall had a mix where thieybrid footprint was sometimdsgherand sometimes

lower than the straigHine estimateFor a given species, the footprints were a closer match than the
aggregate areas were between the two methods, reflected in the lower and upper ranges of the ratios
for the footprintcompared with the aggregate area.
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Table 31: The range of ratios (expressed as a percentage) for the hybrid:straighhe aggregate areas and

footprints for selectedinshore target/target group fisheries between the 2019 and 2023 fishing years.

Values in parentheses represent the corresponding difference in Bietween the hybrid and straightline
estimates for those corresponding ratios. Cells coloured green are for measures where the hybrid value
was higher than the straightline value in all years, cells in red are for measures where the hybrid value
was lowe than the straight-line values in all years, and clear cells are for measures where the hybrid
value was sometimes higher and sometimes lower than the straight line value.

Target/target group Aggregate aregtio (difference irkm?)

FMA 1 mixed 103.3 (185.1) 115.0 (683.3)
FMA 2 mixed 104.4 (183.5) 129.8 (549.3)
BAR 1 113.5 (346.8) 146.1 (1294.6)
BAR 4 137.8 (264.1) 220.7 (812)
BAR 5 146.2 (598.2) 185.2 (675.7)
BAR 7 114.3 (346.0) 135.4 (1117.6)
TAR 1 102.6 (94.5)i 112.5 (314.1)
TAR 2 104.2 (194.4) 112.8 (476.6)
TAR 3 107.6 (164.4) 125.1 (213.5)
TAR 4 955 (-5.6)1 107.9 (69.0)
TARS 103.6 (1.1)i 136.9 (240)

TAR 7 101.8 (76.6)i 113.6 (389.4)
TAR 8 101.7 (7.2)i 104.5 (19.3)
ECSI- FLA 104.4 (145.4y 125.8 (718.7)
ECSI mixed 104.7 (264.7) 119.5 (855.3)
SCSI- STA 104.1 (33.6)i 123.1 (223.8)
TBGB - FLA 114.8 (226.7) 137.2 (155.4)
TBGB mixed 109.1 (268.0) 135.9 (861.9)
TBGB mixed 2 103.0 (41.4)i 130.5 (599.7)
WCNI mixed 102.3 (116.7) 107.2 (352.5)

Footprintratio (difference irkm?

101.9 (56.4) 115.5 (228.8)
105.8 (131.3) 120.9 (449.8)
84.3(-52.1)i 170.5 (73)
111.2 (84.3) 143.9 (295.7)
103.5 (71.8)i 116.2 (433.9)

96.6i-87.1i'|' 100.5 i11.5i
98.1i-11.7i'|' 107.1 i57.2i

102.7 (0.8)i 123.6 (14.8)

97.8i-74.9i'|' 103.9 i92.6i

101.4 (11.4)i 106.7 (90.8)
102.9 (124.3§ 100.6 (309)
102.0 (13.4)i 110.8(75.4)
107.4 (76.5)i 130.3 (83.7)
103.8 (69.1) 114.4 (191.9)
101.4 (14.9) 116 (165.6)
99.0(-44.4)i 101.0 (38.9)

10.3 Hybrid and straight -line comparisons for orange roughy/oreo dory Marine

Stewardship Council (MSC) Areas

Hybrid aggregate areas were higher in all years for all three afrmege roughipreo doryMSC
areaqTable32). As seen with théier one deepwatend inshore targets, the magnitude of difference

in ratio doesnot necessar.i

y

correspkond

t o

example, the upper ratio ®21.1% for NWCR represented a difference b1 km?in that year, but

the ESCRupper ratio ofl11.4% represented a difference2#8.4km?.

The footprints were higher in every year fseas ESCR and 7Butthe ratios were still relatively low

with aminimumof 100.1%(ESCR to amaximumof 108.7%(7A). NWCR had a mix of the hybrid
footprint being lowe(97.246) and higher than the straigite estimate (byp t0106.8%). As seen

for thetier one deepwater aridshore targetdhe footprints were a closer match than the aggregate

areas were between the two methods, reflected in the lower and upper ranges of the ratios for the

footprintcompared with the aggregate area.
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Table 32: The range of ratios (expressed as a percentage) for the hybrid:straighhe aggregate areas and
footprints for orange rough/oreo dory Marine Stewardship Council Areadetween the 2019 and 2023
fishing years. Values in parentheses represent the corresponding difference in kbetween the hybrid
and straight-line estimates for those corresponding ratios. Cells coloured green are for measures where
the hybrid value was higher than the straightline value in all years, cells in red are for measures where
the hybrid value was lower than the straightline values in all years, and clear cells are for measures
where the hybrid value was sometimes higher and sometimes lower than the straight line value.

Target/target group Aggregate aregtio (difference irkm? Footprintratio (difference irkm?)
OEO/ORH- ESCR 100.7 (7.6)i 111.4 (218.4) 100.1 (0.5)i 106.2 (90.6)
OEO/ORH- NWCR 104.9 (23.0)i 121.1 (101.0) 97.2(-11.5)i 106.8 (23.7)
OEO/ORH- 7A 103.0 (82.9)i 112.7 (266.5) 101.5 (20)i 108.7 (128.5)

10.4 Hybrid and straight -line comparisons for hoki/hake/ling bycatch assessment

areas
Theaggregate area was higtier the hybridmethodthan the straighline in all years in all bycatch
assessment areas except for WCNT&ble33). WCNI 9 hadtwo years in which théybrid
aggregate area was higher d@hibeyears in which it was loweFor areasuch as EAST 2 and
NORTH 1 where fisheries for hoki, hake, and ling are mitiee range of ratios seen is relatively
small.But for areas where there are significant fisheries for these spleeigmnge of ratios is large in
comparisore.g. WCSI 7, SUBA 6, and CHAT. &#or some of these areas the hybrid aggregate is
more thandouble that of the straigttine estimate and equatesdifferences othousands of square
kilometres(up to 9615.3 krhmore fora ratio 0f130.5%in CHAT 4).

Less than halffour of ning of theareas had larger hybrfdotprintsin every yeafWCSI 7, PUYS 5,
STEW 5,andSUBA 6). Two areas had smalléybrid footprints in all year§COOK 8 and EAST 2),

and three areas had a mix of smaller kanger hybrid footprints in some yeg&CNI 9, SQUAK 6,

CHAT 4, and NORTH 1)As with the othetargets or target groupsoked at in this studythe

footprints were a closer match than the aggregate areas were between the two methods, reflected in
the lower and upper ranges of the ratios for the footprint compared with the aggregate area.

Table 33: The range of ratios (expressed as a percentage) for the hybrid:straighibe aggregate areas and
footprints for hoki/hake/ling bycatch assessmemtreas between the 2019 and 2023 fishing years. Values
in parentheses represent the corresponding difference in knvetween the hybrid and straightline
estimates for those corresponding ratios. Cells coloured green are for measures where the hybrid value
was higher than the straightline value in all years, cells in red are for measures where the hybricalue
was lower than the straightline values in all years, and clear cells are for measures where the hybrid
value was sometimes higher and sometimes lower than the straight line value.

Target/target group Aggregate aregatio (difference irkm?)  Footprintratio (difference irkm?)

HOK/HAK/LIN - WCNI 9 97.9(-0.7)7 103.2 (1.8) 91.8(-4.4)i 99.8(-0.2)

HOK/HAKI/LIN - WCSI 7 161.8 (4769.0) 235.4 (8122.7) 123.2 (994.5) 147.5 (1528.2)
HOK/HAK/LIN - PUYS 5 135.7 (218.4) 199.4 (660.0) 112.4 (50.2) 139.6 (177.3)
HOK/HAKI/LIN - STEW 5 178.1 (5460.0) 210.1 (4963.8) 109.6 (344.2) 115.3 (438.0)
HOK/HAKI/LIN - SQUAK 6 108.7 (42.8)i 142.7 (253.3) 87.3(-46.6)i 114.8 (75.1)
HOK/HAKI/LIN - SUBA 6 161.8 (982.4) 284.8 (2146.0) 136.8 (299.2) 172.3 (665.1)
HOK/HAKI/LIN - CHAT 4 123.4 (6323.3) 130.5 (9615.3) 96.9(-407.0)i 101.7 (209.2

HOK/HAKI/LIN - COOK 8 100.3 (52.1)i 133.6 (147.5)*
HOK/HAKJ/LIN - EAST 2 101.1 (2.0)i 120.4 (21.7)

HOK/HAKI/LIN - NORTH 1 101.0 (13.7)i 104.0 (34.2) 78.9(-120.2)i 100.9 (6.0)

11. DISCUSSION

The analyses presented here represent estimates of swept areas focbntsmting trawling within
the EEZ+TS, with the main analyses restricted
open to trawling, to a maximum depth of 1600 m, gravides a comparable seafloor area across all
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years. Interpretation of relative measures depends on the fithess of the data and the relevance of the
underlying assumptions.

In some early years, particularly in the deepwater data, some legitimate effort is not included because
the trawling took place before a closure was implemented (for example, closure of seamounts took
place from 2001). In total, the retained data represk®?6% of the All Stocks total aggregate area,

and 969% of the footprint for all tows, including those totally in closed areas, on land, in depths over
1600m, or portions of tows that crossed into closed areas or onto land (see Appendix B). For much of
the nonretained portion, it is highly unlikely that the location data are correct, for either the whole

tow or for either the start or end position; there is no way of knowing where this effort should be
located and its exclusion from analyses is thé t@srse of action.

Table A2 indicates that while there was a lot of inshore trawl effort reported on CELR forms prior to
2008 (53 62098 389 tows), the nature of this form means that data cannot be included in an analysis
that requires tovby-tow data. The TCER form was inttuced in 2008, allowing for tolwy-tow

reporting of trawl effort and it is from then that the All Stocks data are presented so that both inshore
and deepwater effort can be included together. Prior to 2008, any analyses of All Stoeks data
almost entiely deepwater efforGome CELRlJata continued to be collected between 2008 and 2019,
but only a very small amou862 tows, 00.4% d CELR tows for the 34/ear time periold

For the deepwater fleet, trawl contact is represented mainly by TCEPR, a small amount on TCER
during 20082020,thenmainly by ERS from 2018. The inshore component is represented by the
TCER form in most years except for a small amount of effort duringi20E® as the ERS form was

being phased in, but from 2018 most effort has been recorded by ERS. The ERS datparabtem

to the TCEPR other than the increased precision of the resolution of the start and end positions of the
former. The TCER data areroparable with the TCEPR data except the former reports only the start

of tow data, and the estimated swept area of each TCER tow is developed using a tow distance
calculated from the reported duration x speed that is then representsiticégtdline to generate a
potential tow endpoint (see Methods); whereas the TCEPR tow is represented by alsteaight

distance between reported start and end positions.

As previously noted by Baird & Mules (2021a, b), this method of track line creation inevitably creates
a disparity in the swept areas anstraightline may be more relevant for sortrawl tows than

others. The duration x speed distance may take into accourdadkdinethat follows contours (a
more realistic track), but when applied astraightline the spatial representation may place parts of
the tow in unlikely depths. Similarly, the straigime representation of TCEPR and ERS data does
not accaint for any trawling that includes-tuirns or other trawl paths that deviate frostraight

line. MacGibbon & Muleq2023)developed methodshder project BEN20201 to useGeospatial
Position Reporting (GPR) dassa first step towards addressing this isSiese methods were
expanded on in this studynd applied to a variety of specific target fisheries to investjgztmntial
differencesetween the traditionakraightline methodology used in the past andthods thatise
GPR datalt alsosoughtto investigate the feasibility of retrospectively inferring track lines of tows
where GPR data isot available, using more recent GPR data as the Bdsse aspects of the study
are discussed below.

The development of the footprint would also be enhanced by a better representation of the likely width
of the trawl gear on the seafloor. Doorspread data by tow are not collected; only wingspread data are
reported. The use of electronic gear providing dpmgad by tow is not universalthough most
deepwater fleet vessels are likely to have this capability. When observers have been on commercial
trawlers, the doorspread data they report generally is the same for every tow. An approach was made to
the deepvater and inshore industry prior to work commencing on footprint prBjEsi202001 in an

attempt to improve the doorspread values that had been applied past This would have been
especially valuable for the inshore data where the vessel size and potentially gears used vary between
areas and target fisheries. However, it was agreed by the Aquatic Environment Working Group (which
included industry representatis), that the previously used values for the different vessel length
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categories would be adequate amere still usedin the previous two projects (BEN2024 and
BEN202201) and in this studkere.

Swept area analysis summary

All summaries here for the swept area analysis are referring strétightline data set that spans the
full range of years for the respecti@eeag2008 2023 forAll Stocksand inshore, 199@023 for
deepwater).

The All Stocks footprint for 20082023 was estimated to be between abd780 and 94500 kn?
each year, decreasing over tieeyears, with the lowest value estimated for 20Phese data reflect
the decreasing amount of bottarantacting trawl effort during these years; the numbers of tows in
the TCEPR, TCER, and ERS data steadily dropped from 91 920 in 2010 to 59 963.imig0H2
annual aggregate areas for All Stocks decreased overall from a pe&k8dQkén? in 2010 to the
nadir of 12 374km? in 2023. The number of cells contacted was more variable during this time
period although, predictably, the years with the lowest footprint and aggregate area2@28Ralso
have the lowest numbers of cells contacted. The All Stocks footprint contacted betwWéamd.7
2.3% of the EEZ+TS seafloor and betweer¥oahd 6.8% of the fishable area each y€are notable
limitation of the All Stocks data set is that in orflarthe inshore and deepwater components it is
comprised ofo be comparablehe time periodoveredneeds to bé&runcatedo 2008 onwards when
inshore fisheries can be adequately represented. This meatieetias a long period afeepwater
data excluded and inshore data for which we have no informatsis highlighted by th&arger
numbes of new cells contactebly theAll Stocks data set each year compared with the deepwater
data set.

In the 3l-year time series for deepwater data, there was a steady increase in the footprint from under
48000 knt in 1990 to a sustained period of contact during 1998 to 2003 (rar@l 7@

80545 km?), followed by a steady decrease to®km? in 2020 (the lowest of the4dyear time

series), with a slight increasedamund 42 0043 000 knd overthe last hreeyears. Declines have

been seen for most deepwater targets and the swept area data reflect the drop in effort. The annual
aggregate areas have decredsmu around 150 00071200 kn? during 19972003 to under

100000 knt from 2006 on, with a nadir in 20098824 km?), between about9 500 and 88700 knt

during 20102017, before another peak at®®km? in 2018, before dropping again thereafter. The
2023 estimateof 79 906 krd is the third lowest aggregate area in the time series. In total, the
deepwater analysis estimated4ay@ar total of 3773288km? aggregate area andB847 km?

footprint, representing 8.7% of the EEZ+TS an®250f the fishable area. Between 1990 and 2007,
the annual footprint contacted between 1.2% and 2.0% of the EEZ+TS and 3.4% and 5.8% of the
fishable area (peaks in 2002 and 2003); whereas, between 2008 and 2022, theatpmimnl| f

contacted 1.01.2% and 2.83.7% of the fishable area (lowest value in 2020).

The 20082023 inshore footprint also decreased, from a peak of abo68@&m?in 2010 to a nadir
of 27 843km? in 20283. This contact was equivalent to 0171% of the EEZ+TS seafloor area and
2.1i 3.4% of the fishable area, with the lowest value from3202e aggregate areas during these
years ranged between the low2023(41 394km?) and the peak in 2010 (B&7km?).

New cellscontacted

New cellscontactedare identifiedas a w§ to assess ihew areasirebeing trawledand see ifisheries
may be expanding into new territofjhereare some limitations to this approach that need to be
discussed herd@he different time periods dhfe three maimdata sets mean thahat are apparently
new areas may not actually be new. For exangbla|l Stocks,deepwater, anchshore deepwater

has the earliest start with the 1990 fishing yaat the base on which new cells are then identified
covers the longest period (199®94). However, deepwater fishing had been carried out for many
years prior tahis and it is possible that celdentiied 6 newd may have bbteen con
there is no way of knowing thikikewise, the All Stocks and inshore data dmgin in 2008 and each
take that year as théiase due to the limitations of théme period ofcomparableeporting that is
available.
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Thedeepwater and inshore footprints also overlap with one another. A cell that may be new to one
data set might not be new to the othihnis is also true of any analyses that look at the new areas
trawled by individual target species as many fisheries, especially inshoreoeaedapwith one

another and effectively operate as mixed target fishéraagetlevel analyses may be useful to see if
new areas are being trawled when certain species are tapgéie not likely to be uid when

looking at new areas as a whole.

New areas trawled are also based on determining what cells have never been contacted previously
without any consideration for the extent of the cont&at in some cases new areas may be trawled
within aportion of acell that has been contacted befdresuch cases, the naseatrawledwill not

be identified because it is not a neeil.

Thenumber of new cells contacted each year has the potentiabfosrbkie and should continue to
be summarisedVhether or not it is useful will depend on tpgestions managers are seeking to
answerWhere managers do think that it would be usghg best option is likely to be looking at
new cells contacted by All Stocks as a whole, and if appropriate, conducting more detadequent
analyses to determine what particular target species may be inveheéekably, this should be done
using a hyhid approach as this givesmore realistic representationttdwl! paths takenThestraight
line approach may miss cells that have been contactpdssiblymisidentify cells as having been
contacted that wisherdestbat may follaw durved aréas ardund coantsuchas
arrow squid'see Appendix E).

While some cells may be incorrectlyd ent i fi ed as new becausadatd hey
collectionmethodsallowed, this is not likely to be a problem long tefithey will increasinglylikely
beidentified as contacted in the following yeasdata collection has improvexen moresovia

accurate mappingsingGPR dataWith time, any cellsidentified as being neware more likely tde
legitimatelysoor have not been contacted in so long thay arepotentiallynoteworthy.

For data prior to 2019he straighdine method is all there is to go on. While not ideamaty still

provide someéndicationas to whethr newareas are being fished not.If the straightline approach

is used in the future, it may still provide some indicathat fishing is occurring in new areaghile

the straighdine methodmay not always create the most realistic trawl tracks, if it identifies new areas
this still suggests some changaybe occurring in fishing patterns, even if further work may be
needed to build up an accurate pictoféhat changef this appears to be happening increasingly for

a given area and is for some reason of intenesbncerndiscus®ns betweefrisheriesmanagers and

the fishing companies involved could clarify wigbccurring if a truly accurate picture is needed.

Retrospectively applying GPR data to infermore realistic trawl track lines

This component of the study showed promise that it could be achieved but was not pursued further
after the initial analyses show#dvasfeasible After a presentation of the progress on this
componenbf the project giveno the Aquatic Environment Working Group @8 November 2024, it
was agreetby membershat it was not worth pursuing further.

The reasons for thiwere that while imight bepossible to produce standard tows from existing GPR
data and retrospectively apply thishistoricalstraightline data,there are also potentimlsues. Using

present day fishing pattertsinfer past fishing patterns is quite possibly fraught with problems.

Fishing behaviour may have changed over time for a variety of reasons including shortened tow times
to improve catch quality in some fisheri€atch sensors may also hakanged tow timegs:ish

abundance and distributions may have changeda succession dfifferent skipper®ver times also

might cause overall fishery characteristics to have chafgsd, this exercise applied more widely to
historical datavould require very large computatiormiwer, quite likely an Artificial Intelligence

approach
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Even if the exercise was successful, it rhapf limited value to present management negagwvay

We now have GPR data going back to the 2019 fishing year, and almost complete coverége from
2020fishing year or{more than 90% of towsAssuming that th&PR methods produce a more
realisticrepresentation of actual trawl paths (which is likelyith several years of data awith this
increasing the informatiorwill be there for managers to uaad answecurrentmanagement

questions. These questions cobéfis trawling occurring in an area where an application for a

marine farm or reserve hasbeenmiage or fAhow intense is current tr
longmayr ecovery of sensitive benthic habhesemdnd t ake
guestionmaybenefit from as long a time series as possible (in which retrospective data might be

useful) but the first question is less likely &nd the current (and ongoing) collection of GPR data

should be sufficient to meet management needs.

-

C

Comparison ofthe hybrid and straight-line method

Comparison of the hybrid arstraightline methods for the AlBtocks deepwater, and inshore data

sets showethat the number of cells contacted was lower in all yiearall Stocks and inshoréor

the hybrid methodoverall For ceepwater, some years had higher numbers of cells contacted and
some years loweilhe differences however were generally small, especially in the context of the total
number of cells contacted.

All three data sets showédatgeroverallaggregate areas in all years for kiydrid dataGiven how
far hybrid tow lines can deviate from the equivalent straight tow liges Figure 1)/ this is not
surprising.Summaries foaggregate areendthe number of towfor contacted cells also showed
higher numbers fdpoth measured fdhe hybrid data set compared with the straigtg. This is
likely to bebecause tows derivdtbm GPR data are longer than the straigie equivalerg which
increasethe likelihood that a cels contactedincreased numbers of towsa cellwill logically
increase the aggregate amea cell.

All three data sets also showed largeerallfootprintsin all years for the hybrid data, although the

ratios are typically smalldor the footprints than they are for the aggregate atesnot surprising

that aggregate ratios tend to be bigger. For the footprint, once the tows that define the spatial extent of
a footprint have beeastablished, further tows canramtd tothetotal footprint Whether using

straightline or hybrid methods, the margin$ a trawl! footprint are likely to be defined by variables

such as topograplgnd species distribution, even though tows inside of the outer margins may be

quite different for the two methodBut the aggregate aresaadded to within the footprinytevery
successive towrl his allows the hybridaggregate area to be substantially larger as hybrid tows will

only ever bdonger than theistraightline equivalentgor the sameavhere a toweally is astraight

line).

Comparisons were also made between the two methods for a variety of inshore and deepwater
targeftarget groupsMost groups hadsome years fieremore cellsoverallwerecontacted by the

hybrid method and others where more cells were contacted Isgrtightline method.Generally, the
differences for the number of cells contadvetiveen the two methods for a grothpese were small.

Larger differences were seen for scampi and squid though, and this appears to be a result of fishing
areas such as the Veryan and Mernoo Banks, and other areas where contours are followed. Trawl lines
derived from GPR datare likely to show a more realistic path around a contour, as vessels maintain
appropriate depths fordtspeciedeing targetedBut essuming astraightline between end points can

give the appearance of having towed diretiitpughan areaather than around the edges of it, which

0 & b wswaightline tows to potentially contact more cells than the GPR tows.

As for the All Stocks, deepwater, and inshore groups overaNatieus target groups also had larger
overallaggregate areaach yeaexcept for some years for tHEOK/HAK/LIN bycatch assessment

area WCNI9 and one yar for TAR 4 It is interesting that angybrid aggregate area could be smaller

than theequivalent straighline estimategiven that an individual trawl track derived from GPR data

shouldbe the samdistance or longeMore investigation would need to be done to determine why

butthe two most likely reasons ateat the GPRtrack s hi f t s & s daweutspeaofthda on of a
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defined areaf a subarea being analysed intoeaghbouring ongeor into an areaclosedto trawling

Either scenario would result some portion of a tow being excluded. If the esaten between the

two methods would otherwise have been cltise hybridestimate now has the potential to be slightly
smaller than thsetraightline estimateln the four instances where the hybrid aggregate areas were
smaller than their straigtihe equivalents, the values were éd close. For WCNI 9, the largest
disparity wa the hybrid aggregate area being 2d%0.7 knf smaller.For TAR 4, thedifference for
theone year where the hybrid aggregate area was smalesmalit 4.5% or 5.6 ki For all other
target specieghough, théwybrid aggregate area was alwdsisger as expecteétor some of the larger
volume fisheries such as arrow squid, jack mackarel,hoki, the aggregate areas were substantially
larger for the hybrid data set.

Footprintsfor thevarious target groups showedvale range oflifferences between the hybrid and
straightline methodsSome species had higher hybrid footprints in all years, some showed a mix of
highe and lower estimates, and a few had lotwdsrid footprints in all yearsOverall, the footprint
wasusuallylarger for the hybrid dat#\ single tow derived from GPR data will always be longer than
the equivalent tow that assumestiaightline, or at least the same length if the tow was a perfect
straightline. This means that individual GPR tows will have largetfoints than theistraightline
equivalents, but when considering theerall extent of the footprint fromall tows, thestraightline

can potentially be larger if it artificially makes tows traverse areas such as foul grogmdhrough
bottom depths not appropriate foparticulatargetspecies. GPR tows are less likely tothis and
thus are not 6all owedbd to go into some areas,
fisheries.

Given theresolutionat which the footprint and aggregate areas can be pltdthe wide area
covered, the plotfor the various groups were not very informative. However, it can be seen in
Figuresl6 and ¥ (see Section6 and 7.1) that the trawl paths can differ greatly between the two
methods. The ability to plot tows using GPR data would still be invaluable at small spatial scales,
particularlywhen trying to map as accurately as possible the fishing activity in an area that is
example being poposed as a marine reserve, or an aquaculture farm

It should be kept in mind that many of the individual targets or target groups that were examined are
likely to have significant overlap withtherfisheries operating in the same geographic area,
particularly(but not only) forinshore fisheries. The extent and intensity of other overlapping fisheries
needs to be considered when assessing another fishery for various management purposes. In
particular, the new cells contacted by one target fishery might not be new to anotticiighegy.Or

one target 8hery may have contacted a previously untougimetion of a previously contacted cell.

This was not done here for individual fisheries. To do so would require comparing the footprint of a
given individual fishery of interest with all other fisheries in the amgausthe fishery of interest to

see where overlap may have occurred. This was not done in this project as the budget did not allow it
but is possible anohay be usefuior any analyses that may occur on a smaller geographic scale if
relevant for he particular management objectives being investigated.

While theutility of retrospectively applying the method (if possible) to data thatlptesGPR is
likely to beof limited utility, hybrid data should be usegbing forward as iis likely to provide a

more realistic representation of the trawl footprint and the aggregaté\digaanalyses involving
GPR data are more time consuming and complicated, they are not massasiabepoocessing times
have been exponentialigducedsinceBEN202001 when it was first investigatedhe data are
available anatoverage is now widespread across the New ZealandTleetadvantages are sufficient
thatthe hybrid method is preferablBhe more realistic trawl paths created will provide a more
accurate representation of the footpragpecially its extent. The aggregate aredten substantially
increased which is important for estimating the intensity of fishiag important metric for
identifying the degree dfishing effort and also for assessing benthic impacid possible recovery
times Accurate portrayal of thpaths tows takill also help to assess how #&tablishment of
reserves, marine farms etc. may impact fishingigtin an arealt will also decrease the possibility
that someows will incorrectly be placed in closed areagainresulting in a better estimation of the

Fisheries New Zealand Extent and intensitgedbed contact by trawl gear in New Zealand 9¢t263 1 90



footprint and aggregate are&ally, for any analyses wheoerrectng for the position of the net
likely to beuseful the use of GPR data wpkobably improvehis, particulaly for towswhere the
path takerdeviates substantially from a straight line between the start and end positions.

There will still be a need however to include sigightline methodsas there will be times when
individual tows have no associated GPR data due to, for example, equipmeatdatiows
beginning and ending in between pingsior to theintroduction of GPR deviceduring the2019
fishing year the straightine method is all that is available and so this appreaciild continue to be
taken for thigime period.As such, going forward, the approasbuld need to remain hybrid ong
where GPR data is used when availabled astraightline approach taken when it is ndte

majority of events have associated GPR data, and when available, should be used.

12. POTENTIAL RESEARCH

The development of methods to retrospectively apply standard tows developed from GPR data to past
data that prelated GPR data was halted due to the lack of computational power and lack of Al ability
to apply the data over historical data sBisspite thisjt was found that there is still thmtentialthat

standard tows could be detected widely through all effortatatathis problem has been solvethe
detection ofvessel behaviouralatterns could enable analysts to tell the difference betweeniisggam
searching, and active fishing behaviour in the fleet which could then be quantified for use-in catch
perunit-effort analyses. It could also potentially be used to detect the likely direction of tows used in
historical TCER data where only start pasits were reported, tis enabling more accurate footprints

and aggregate areas to be estimated.

13. FULFILMENT OF BROADER OUTCOMES

The development of methotts retrospectively apply standard tows developed from GPR data to past
data thapre-dated GPR dataashalteddue to the lack ofomputational power and lack of Al ability

to apply the data over historical data skelswever, he remaining budget on this component of the
project waaitilised to supporthe investigation oé further tertargettargetgroupsthan had originally
been planned foht comparisons between the hybrid atrdightline methods.
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APPENDIX A

Table A1: Number of bottom-contacting tows in the 19902023 TCER/TCEPR/ERS data set retained for

the spatial analysi s,
Form type Deepwater Inshore
ERS- Trawl 143 020 148 299
TCE 30 974 503 853
TCP 1130 832 320 233
All 1 304 826 972 385

by

form type. ONAO means
NA Total
285 291 604
1163 535 990
735 1451 800
2183 2279 394
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Table A2: Number of records and number of tows reported as trawl tows on CELRSs, and the number of tows in the raw data set prior to graing, number of
tows retained and the percentage of the trawl retained for analysis TCER/TCEPR/ERS data, for 199D23.NB: O R®&t & owes d ®wse¢hatt ho s e
survive the grooming procesgi.e. have acceptable fishing effort values) and that weresidethe fishable area.

CELR TCER/TCEPR/ERS
Fishing year Number of records Number of tows Number of tows Retained % retained
1990 27 106 80 031 45 406 37719 83.1
1991 29 923 93 390 54 539 45 545 83.5
1992 30123 98 389 59 205 50 634 85.5
1993 32140 96 538 63 876 53 365 83.5
1994 29 610 87 153 65 708 53 295 81.1
1995 28 640 88 076 74 060 59 072 79.8
1996 25 296 78 522 83 427 68 434 82.0
1997 26 437 87 479 86 985 72 684 83.6
1998 24 557 88 391 90 250 78 807 87.3
1999 25 322 79 415 84 891 71354 84.1
2000 22 854 64 840 76 695 66 541 86.8
2001 21 094 60 938 73973 64 612 87.3
2002 19 657 55 833 72 483 65 774 90.7
2003 20 759 59 472 70990 64 734 91.2
2004 20 346 57 425 64 258 58 888 91.6
2005 21182 59 618 60 842 55 755 91.6
2006 19 910 56 014 54 412 50 664 93.1
2007 19 098 53 620 50 028 46 164 92.3
2008 477 1282 87 831 84 657 96.4
2009 622 1766 85 428 82 292 96.3
2010 167 437 91 920 88 744 96.5
2011 58 157 85 556 81595 95.4
2012 63 195 84 204 80 043 95.1
2013 63 173 83574 79 249 94.8
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CELR TCER/TCEPR/ERS

Fishing year Number of records Number of tows Number of tows Retained % retained
2014 74 268 84 830 79 756 94.0
2015 38 103 78 570 73372 93.4
2016 87 306 77 639 72 950 94.0
2017 39 154 77 754 73 259 94.2
2018 - - 75121 69 640 92.7
2019 5 21 71428 65 594 91.8
2020 - - 66 346 61 841 93.2
2021 - - 64 777 61 413 94.8
2022 - - 59 963 56 792 94.7
2023 - - 57 819 54 733 94.7
All 445 747 1 350 006 2 464 788 2229971 90.5
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APPENDIX B

Table B1: Reasons for tows from the All Stocks data set not being included in the fishable area analysis because they were insidelcosas, on the land, or
beyond 1600 m, by form type for 20082023. Notethat some tows may be in more thaonecategory (e.g., part of a tow was on land and also in a closed
area), hence totals are greater than the sum of the individual categories for exclusion.

On land In closed area >1600m Outside fishable are.
ERS-

Fishing year ERS-Trawl TCE TCP Trawl TCE TCP ERS- Trawl TCE TCP ERS- Trawl TCE TCP
2008 0 189 0 0 201 78 0 21 93 0 497 177
2009 0 100 1 0 130 55 0 17 62 0 329 121
2010 0 113 2 0 193 107 0 9 49 0 400 163
2011 0 115 0 0 160 86 0 18 45 0 347 130
2012 0 102 2 0 336 64 0 13 40 0 536 106
2013 0 67 9 0 323 52 0 19 25 0 476 88
2014 0 81 3 0 366 48 0 14 60 0 558 107
2015 0 63 0 0 313 32 0 20 43 0 435 75
2016 0 66 0 0 268 61 0 25 40 0 390 104
2017 0 84 5 0 180 41 0 15 47 0 324 90
2018 0 53 1 18 147 5 5 17 1 23 250 8
2019 10 89 1 40 149 1 12 11 1 69 278 3
2020 18 1 0 260 0 0 14 0 0 301 1 0
2021 65 0 0 17 0 0 7 0 0 101 0 0
2022 16 0 0 10 0 0 8 0 0 36 0 0
2023 12 0 0 5 0 0 14 0 0 34 0 0
All 121 1123 24 350 2 766 630 60 199 506 564 4821 1172
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Table B2: Swept areas for TCER, TCEPR, and ERS data that were inside the EEZ outer boundary and
for the

Fishing
year
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023

All

the percentage

where O60Outd
ar egided 6gi ves t he

gives

retained
the swept
esti mat ed

area
swept

6fi shabl ed area
teide the fistmalold uded i r
area within th

6fi shabl ed area anal yse:c

percent retained in the
Aggregate area (ki Footprint (kn?)
%
Outside Inside % kept Outside Inside kept
5430.0 154 219.6  96.6 4 250.6 92148.1 95.6
4954.0 151961.1 96.8 3851.2 90 060.5 95.9
5594.7 162 870.6  96.7 4 306.9 94536.1 95.6
4988.3 156 172.6  96.9 3935.2 91584.1 95.9
5100.6 152278.4  96.8 3923.8 88006.0 95.7
4897.0 146 203.1  96.8 3757.6 857941 95.8
4918.6 151882.2 96.9 3728.2 90 360.1 96.0
3919.2 149183.0 974 3086.3 89084.7 96.7
4017.3 146 385.9 97.3 3109.0 86314.8 96.5
4032.3 154 371.7 975 3178.3 880934 96.5
3536.9 158 128.4  97.8 2 800.6 884134 96.9
2837.2 142 230.7 98.0 2329.7 802355 97.2
931.0 128 893.7 99.3 652.9 69784.2 99.1
479.1 129285.7 99.6 432.5 73996.4 99.4
247.4 124 125.7 99.8 213.7 70 566.3 99.7
257.1 121374.1  99.8 216.0 68 779.6  99.7
56 1409 2329566.6 97.6 437723 13477572 96.9
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APPENDIX C

Table C1: Percent of deepwater tows by data collection form type, the number of tows, and number of
vessels (based on unique vessel key) by fishing year for 188023. ERS is Electronic
Reporting System, TCE is Trawl Catch Effort Return, and TCP is Trawl Catch Effort
Processing Return.

Year ERS (%) TCE (%) TCP (%) Total Vessel count
1990 T i 100.0 34179 127
1991 T i 100.0 42 310 148
1992 T I 100.0 45 488 150
1993 T I 100.0 46 570 137
1994 T i 100.0 46 792 148
1995 T i 100.0 49 175 157
1996 T I 100.0 50 366 153
1997 T I 100.0 53570 165
1998 T I 100.0 58 242 149
1999 T i 100.0 53 557 136
2000 T i 100.0 50 676 109
2001 T I 100.0 48 631 101
2002 T 1 100.0 50 123 103
2003 T 1 100.0 49 301 101
2004 T i 100.0 42 400 95
2005 T I 100.0 39878 87
2006 T I 100.0 36 943 80
2007 T I 100.0 33349 72
2008 T 9.0 91.0 33899 112
2009 T 7.7 92.3 29715 107
2010 T 8.9 91.1 30 580 116
2011 T 8.6 91.4 28 290 115
2012 T 9.1 90.9 27 216 105
2013 T 11.5 88.5 25906 101
2014 T 11.8 88.2 26 916 106
2015 T 10.7 89.3 26 692 104
2016 T 10.3 89.7 27117 105
2017 T 8.7 91.3 26 409 99
2018 73.7 8.8 17.6 26 622 96
2019 84.4 5.7 9.9 26 134 89
2020 99.9 i T 26 415 89
2021 100.0 i i 25438 81
2022 100.0 i i 24 042 82
2023 100.0 i i 23821 71
Total 11.2 24 86.4 1266 762 i
Total unique vessels 569
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APPENDIX D

Table D1: Total number of tows by year for the All Stocks data set, number dftraight-line tows (tows
for which there was no corresponding GPR data), number of GPR tows, and the % of total
tows made up of GPR tows by fishing years 2019023.

Fishing year Total tows Straightline tows GPR tows % GPR
2019 65 536 33603 31933 48.7
2020 61 827 4 962 56 865 92.0
2021 61 481 3061 58 420 95.0
2022 56 771 2484 54 287 95.6
2023 54 710 1630 53 080 97.0

Table D2: The number of vessels with median GPR ping rates under 11 minutes, the number of vessels
with median GPR ping rates greater than or equal to once every 11 minutes, and the
corresponding percentage of total vessels with those ping rates for the All Stoclatal set.

Fishing N vessels with mediai N vessels with median GP % <11 % >=11
year GPR rate <11 min¢ rate >=11 mins Total mins mins
2019 93 53 146 63.7 36.3
2020 118 49 167 70.7 29.3
2021 117 45 162 72.2 27.8
2022 111 40 151 73.5 26.5
2023 115 25 140 82.1 17.9

Table D3: Total number of tows by year for the deepwater data set, number atraight-line tows (tows
for which there was no corresponding GPR data), number of GPR tows, and the % of total
tows made up of GPR tows by fishing years 2012023.

Fishing year Total tows Straightline tows GPR tows % GPR
2019 4641 21 454 26 095 82.2
2020 2560 23833 26 393 90.3
2021 2 057 23 362 25419 91.9
2022 1274 22 750 24 024 94.7
2023 924 22 882 23 806 96.1

Table D4: The number of vessels with median GPR ping rates under 11 minutes, the number of vessels
with median GPR ping rates greater than or equal to once every 11 minutes, and the
corresponding percentage of total vessels with those ping rates for the deepwatetadset.

Fishing N vessels with mediar N vessels with median GP % <11 % >=11
year GPR rate <11 ming¢ rate >=11 mins Total mins mins
2019 32 49 81 39.5 60.5
2020 40 48 88 455 54.5
2021 36 45 81 44.4 55.6
2022 43 39 82 52.4 47.6
2023 47 24 71 66.2 33.8
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Table D5: Total number of tows by year for the inshore data set, number dftraight-line tows (tows for
which there was no corresponding GPR data), number of GPR tows, and the % of total tows
made up of GPR tows by fishing years 2012023.

Fishing year Total tows Straightline tows GPR tows % GPR
2019 28 916 10471 39 387 26.6
2020 2400 33 005 35 405 93.2
2021 1001 34 951 35 952 97.2
2022 1210 31497 32 707 96.3
2023 706 30178 30 884 97.7

Table D6: The number of vessels with median GPR ping rates under 11 minutes, the number of vessels
with median GPR ping rates greater than or equal to once every 11 minutes, and the
corresponding percentage of total vessels with those ping rates for the inshore daéd.

Fishing N vessels with mediat N vessels with median GP % <11 %>=11
year GPR rate <11 ming¢ rate >=11 mins Total mins mins
2019 93 26 119 78.2 21.8
2020 116 24 140 82.9 17.1
2021 115 23 138 83.3 16.7
2022 105 22 127 82.7 17.3
2023 100 15 115 87.0 13.0
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APPENDIX E

COMPARISONS BETWEEN THE HYBRID AND STRAIGHT-LINE METHODS FOR
SELECTED DEEPWATER LAYERS

JMA i Spatial extent
The summaries in this sectiane forall tows targeting jack mackerel throughout the EEZ.

The annual total numbers of cells, aggregate swept area, and footprintifdAdikhstocks are
given in Table B. For the fiveyear period the hybridtraightline ratio for the number of cells
contacted ranged between 106.6nd 110.3%, or a difference of between 78 and 141 cells.

The ratio for the aggregate area was between %688l 197.7%, or a difference of between 2479
and 4704&m?2,

The ratio for the footprint was between 13%.2nd 145.7% or a difference of between 1285 and
1592kn?.

The footprint for the hybrid anstraightline data sets for all years combined and for the most recent
fishing yearss shown in Figure E1At this resolution, there is no appreciable difference.

JMA i Extent of new cells contacted across the time series

The number of cells that were fished in one year, but not in previous years, is shicahei 2
where the base footprint was created for 12808 using thetraightline data set. The ratio for the
number of new cells contacted each \estiween the two data sets ranged ftkd% (an exact
match) to 287.5% This apparent dispaiitattheupper end of the scaleowever it shows that there
is little difference between the dndata sets ahetotal is just 15 cells (23 vs 8 cells in 2019).

Higher ratios are seen for the aggregate area, ranging betwee¥Hhd 566.7%. Again, the

apparent large disparity is only due to the values in each data set being so low that any departure is
large when expressed as a proportion. In fact, the largest ratio of 666.7% is a differefiaes of 2

0.3knm? and is for the 2022 fishing year when the number of new cells contacted was the same for the
two data sets.

For the footprint, the ratio ranged between 18wahd 633.3% but as for the aggregate ardéle
the ratios may appear higihe actual differences are low (betweért and 6.6&m?.)

When comparing the footprint as a percentage of the aggregate area, there was almost an exact match
between the two data sets {280%). This indicates that whether using the hybrid data set or the
aggregate data set, the footprint and aggregate areaviczeils is almost the same and suggests that

any new cells contacted in a year are likely to be minor exploratory fishing or fishthg arargins

of established areas.

JMA i Intensity

For the combined 2012023 data, the minimum number of tows for contacted cells was one for both
data types (Table E3). The ratio between the two data sets for the median number of tows that
contacted a cell was 120% but this was for a differengesbbne tow. The ratio for the mean number
was 138% and this represented a difference of 7.2 tows. The ratio for the maximum number of tows
was 160and represented a more substantial difference of 161 tows.

For the aggregate area the minimum area was essentially the same for both data types at less than
0.1km?. Rati os have not been calcul ated because whi
identical but the values are so small as to not warrant further consideration. The ratio for the median
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aggregate area is 142%, though there is little actual difference (3.4krs%.4he mean is again
higher for the hybrid data (ratio of 170%, or 16.4 vsk6). The most substantial difference is for
the maximum 197%) or 295.5 vs 150.4m>.

The spatial distribution of the aggregate area for both data types ia BhBigure E2 for all years
combined (upper two plots) and for the most recent fishing year (lower two plots). As with the
footprint, at this resolution, there is no appreciable difference. There is however, a need to have
different categories with higher upper ranges for the hybrid data set for all years combined. The
overall spatial location of intensity is much the same however.

As for theaggregate area, the minimum footpigwery small <0.1km? for both data setspeaning
that the ratids essentially meaningless. The ratio for the median is 150%, which represents a
difference of just km? 3 vs 2km? The mean footprint has a ratio of 120%, or 6 k&b. The
maximum footprint for both data types is equal to the area of a cell, which cannot exdsmet &d
so the ratio is therefore an exact match of 100%.

The same summary information by year is given in Table E4. The annual ratio for the median number
of tows that contacted a cetinged from 100150%, or @1 tows. For the mean, the ratio ranged from
126/ 145% or a maximum difference of 3.6 tows. For the maximum, the annual ratio ranged from

1311 177%, or a maximum difference of 72 tows.

The annual median ratios for the aggregate areas in a cell ranged frold4@%/ and the means
from 156 182%. In terms okm?, the differences are low, no more thani@1#. The maximum
aggregate area shows more substantial differences, with ratios ranging frid268%6or 27.4
81.3km?

The annual median ratios for the footprint in a cell ranged Bi142% but in no year did the
actual difference isquare kilometreexceed 0.5. The ratio for the mean footpvatied littleeach
year, ranging from 12833%, and represented a difference between data types of no more than
1 km?. The ratios for the maximum footprint ranged fromilll21%. In no year did the maximum
footprint for either data type equal R6, the maximum possible in a celnd theywere generally
fairly closeto one anotér for both data types, but always slightly larger for the hybrid data.

JMA i Number of years contacted

There is almost no discernible difference between the two data sets when comparing the number of
years cells were contacted (Figure E3, upper two plots).

Similarly, there was little difference between the two data sets for the number of years since a cell was
last contacted, though the hybrid data set tends to have higher number of cells contacted overall
(Figure E3, lower two plots).

The spatial distribution for the number of years a cell was contacted for both data sets is shown in
Figure E4 (upper two plots) and for the most recent year contacted (lower two plots). For both, there
is almost no difference that can be seen spatially.
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Table E1: Number of cells contactedaggregate area, and footprint for IMA for fishing years 2019 to 2023 for the hybrid anstraight-line data sets. Ratios are
expressed for each measure as a percentage of the hybrid value to straight-line value.

No. of cells Aggregate area (ki Footprint (kn?)
Year Hybrid Straightline Ratio Hybrid Straightline Ratio Hybrid Straightline Ratio
2019 1230 1115 110.3 5767.7 3289.0 166.6 4097.8 2813.2 145.7
2020 1103 1017 108.5 6 250.5 3633.3 172.0 4072.3 2902.2 140.3
2021 1301 1160 112.2 6 356.8 35284 175.4 4102.1 28185 1455
2022 1262 1184 106.6 6737.9 4044.6 180.2 4482.0 3266.7 137.2
2023 1299 1205 107.8 9520.4 4816.4 197.7 5239.0 36475 143.6

Table E2: Number of new cells contacted by year, the corresponding aggregate area and footprint of those cells, and the footprint as a peaggnof the aggregate
area for fishing years 2019 to 2023, for the hybrid andtraight-line data setsfor JMA. The ratio of each measure is expressed as a percentage of the
hybrid value to the straight-line value.

No. of new cells Aggregate area (ki Footprint (kn%) Footprint as % of aggregate ar
Year Hybrid Straightline  Ratio Hybrid Straightline  Ratio Hybrid  Straightline Ratio Hybrid Straightline  Ratio
2019 23 8 2875 9.7 3.2 3031 9.7 3.2 3031 100.0 1000 100.0
2020 5 4 1250 15 14 1071 15 14 1071 100.0 1000 100.0
2021 9 5 180.0 5.6 3.5 160.0 5.6 3.5 160.0 100.0 1000 100.0
2022 2 2 100.0 2.0 0.3 666.7 1.9 0.3 633.3 95.0 1000 95.0
2023 8 7 1143 3.4 2.7 1259 3.4 27 1259 100.0 1000 100.0
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Table E3: Summary data for the number of tows that contact a cell, the aggregate area, and the footprint by-R? cell for IMA, for the combined fishing years
2019 2023, for the hybrid andstraight-line data. The ratio is expressed as a percentage of the hybrid values to tskeaight-line values.

Minimum 1st quartile Median

Hybrid Straightline Ratio Hybrid Straightline Ratio Hybrid Straightline Ratio

No. of tows 1.0 1.0 1000 2.0 2.0 1000 6.0 5.0 1200
Aggregate area <0.1 <0.1 T 0.9 0.8 1130 34 24 1420
Footprint <0.1 <0.1 T 1.0 1.0 1000 3.0 2.0 1500
Mean 3rd quartile Maximum

Hybrid Straightline Ratio Hybrid Straightline Ratio Hybrid Straightline Ratio

No. of tows 26.4 19.2 1380 24.0 190 126.0 428 267 1600
Aggregate area 16.4 9.6 1710 14.4 9.3 1550 2955 150.4 197.0
Footprint 6.0 5.0 1200 9.0 7.0 1290 250 250 1000

Table E4: Annual summary data for the number of tows that contact each cell, the footprint, and the aggregate area for IMAQ19 2023, giving the 25th
percentile (1stQuartile), median, mean, 75th percentile (3rdQuartile), and the maximum. The minimum number of tows that contacted each cell was 1
and the minimum values for the footprint and aggregate areas was < 0.0001.

No. of tows 1st Quartile No. of tows median No. of tows mean No. of tows 3rd Quartile No. of tows maximum
Year Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio
2019 1.0 1.0 100.0 3.0 3.0 100.0 7.6 59 129.0 9.0 75 120.0 62.0 39.0 159.0
2020 1.0 10 100.0 4.0 3.0 133.0 9.1 7.2 126.0 10.0 9.0 111.0 84.0 64.0 131.0
2021 1.0 10 100.0 3.0 2.0 150.0 8.1 6.2 131.0 7.0 6.0 117.0 102.0 68.0 150.0
2022 1.0 1.0 100.0 4.0 3.0 133.0 8.6 6.5 132.0 10.0 8.0 125.0 116.0 78.0 149.0
2023 1.0 1.0 100.0 3.0 3.0 100.0 11.6 8.0 145.0 12.0 10.0 120.0 166.0 94.0 177.0
Aggregate area 1st Quatrtile Aggregate area median Aggregate area mean Aggregate area 3rd Quartile Aggregate area maximum
Year Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio
2019 0.7 0.5 140.0 16 12 133.0 4.7 29 162.0 5.6 4.0 140.0 47.8 20.4 234.0
2020 0.7 0.5 140.0 19 15 127.0 5.7 3.6 158.0 6.0 4.4 136.0 63.5 34.1 186.0
2021 0.6 0.5 120.0 15 11 136.0 49 3.0 163.0 43 31 139.0 80.8 37.1 218.0
2022 0.8 0.6 133.0 19 14 136.0 53 34 156.0 5.9 4.0 148.0 87.3 39.4 222.0
2023 0.7 0.6 117.0 19 13 146.0 7.3 4.0 182.0 7.4 45 164.0 132.8 515 258.0
Footprint 1st Quartile Footprint median Footprint mean Footprint 3rd Quatrtile Footprint maximum
Year Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio
2019 0.7 0.5 140.0 15 12 125.0 33 25 132.0 45 3.6 125.0 20.8 138 151.0
2020 0.7 0.5 140.0 17 14 121.0 3.7 29 128.0 4.8 4.0 120.0 22.3 184 121.0
2021 0.6 0.5 120.0 14 11 127.0 3.2 2.4 133.0 3.7 2.8 132.0 23.0 20.1 114.0
2022 0.8 0.6 133.0 18 14 129.0 3.6 28 129.0 4.6 37 124.0 234 19.7 119.0
2023 0.7 0.6 117.0 17 12 142.0 4.0 3.0 133.0 55 4.0 138.0 24.7 22.0 112.0
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Pl ot s r ednactvae dc ofndfri denti ality reasons.

Figure E1: Distribution of the JMA footprint for the 201912023 fishing years combined (upper plots) and
2023 (lower plots)for the hybrid and straight-line data sets
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Pl ot s r ednactvae dc ofnofri denti ality reasons.

Figure E2: Distribution of the JMA aggregate area for the 20192023 fishing years combined (upper
plots) and 2023 (lower plots¥or the hybrid and straight-line data sets
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Figure E3: The number of cells contacted in annual year bins (upper) and the number of cells in each bin representing the number of gezince a cell was last
contacted (lower) for 20192023 for the hybrid data (left) andstraight-line data (right).
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Pl ot s r ednactvae dc ofnofri denti ality reasons.

Figure E4: Distribution of cells, by the number of years contacted (top), and by the most recent year
fished (bottom) between 2019 and 2023 for the hybrid data (left) and ttstraight-line data
(right).

SCIT Spatial extent
The summaries in this section consist of all tows targeting scampi throughout the EEZ.

The annual total numbers of cells, aggregate swept area, and footprinstmmafiifishstocks are
given in Table E5. For the fivgear period the hybridtraightline ratio of cells contacted ranged
from 87.1 94.3%, or a difference of betweet?9 and-37 cells.

The ratios for the aggregate area however were above é8084egrindicating that the hybrid

aggregate aregach years higher than thetraightline area even iffewer cellshavebeencontacted.

Ratios ranged from 108.212.4%, or a difference of between 672 and43km?. While the

straightline data set has a smaller aggregate area than the hybrid data set, it is still farssitnle

have contacted more cells than the hybrid dateSsetightline tows can appear to have crossed

through areas where the equivalent curved line derived from GPR data has not. Assuming the GPR
data is a better representation of reality, GPR tows may have gone around & fpathsps to avoid

foul ground, or to mainta the appropriate depth around a contour to best catch the target species. The
equivalentstraightline tow will appear to have gone through the middle of what is being avoided (see
for example theight handplot in Figure 16).

The ratio for the footprint was between 9%.&nd 100.3% or a difference of betwe&b7 and 14.4
km?. This suggests that the majority of tows targeting scampi are in fact relatiratyhtlines; the
ratios are all close t©00%

The footprint for the hybrid anstraightline data sets for all years combined and for the most recent
fishing years is showim Figure E5. At this resolution, no difference can be seen between the two.

SCIl i Extent of new cells contacted across the time series

The number of cells that were fished in one year, but not in previous years, is siahei k6

where the base footprint was created for 12908 using thatraightline data set. The ratio for the
number of new cells contacted each yaativeen the two data sets ranged fd(n 2022 when the
hybrid data set contacted no new cells andstraghtline contacted three) to 123.5%. While this is a
wide range in ratios, the differences between the number of cells between the hylstidightline
data sets is actually very low, ranging froitbl

Ratios for the aggregate area of new cells contacted ranged befteen A08.1%. As for the
number of cells contacted, the aggregate area values are very low, rangin@. froonl.4km?.

For the footprint, the ratio was the same in every year as for the aggregate area, except slightly higher
in 2023. This is because so few new cells were contacted between the two years, andsthi&sety
represented the very edges of established areas, and the footprint and aggregate area are nearly
identical.

When comparing the footprint as a percentage of the aggregate area, the ratios were 100% or close to
in every year. This indicates that whether using the hybrid data set or the aggregate data set, the
footprint and aggregate area for new cells is alm@sséime and suggests that any new cells
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contacted in a year are likely to be minor exploratory fishing or fishing on the outer edges of
established areas.

SCI1 Intensity

For the combined 2012023 data, the minimum number of tows for contacted cells was one for both
data types (Table E7). The ratio between the two data sets for the median number of tows that
contacted a cell was 175% but this was for a difference ofijuivgs. The ratio for the mean

number was 122% and this represented a more substantial difference 33.1 tows. The ratio for the
maximum number of tows was 108%, or a difference of 119 tows.

For the aggregate area the minimum area was essentially the same for both data types at less than
0.1km?. Ratios have not been calcul ated WtlooaAuse whi
identical but the values are so small as to not warrant further consideration. The ratio for the median
aggregate area is 180%, though there is little actual differer@es(2.1km?. The mean is slightly

higher for the hybrid data (ratio of 120%, or 41.1 vs ¥28). There is almost no differenbetween

the two data set®r the maximum values, with a ratio of 104%, or 433.1 vs 4R

The spatial distribution of the aggregate area for both data types ia shBigure E6 for all years
combined (upper two plots) and for the most recent fishing year (lower two plots). For all years
combined, there is almost no difference that can be seen in either the spatial distribution or the
intensity of fishing therein. W8m looking at just the most recent fishing year, the spatial distribution
is again almost identical between the two data sets but tmsitgtiss higher for the hybrid data with
more cells coloured red (higher intensity) in most of the main fishing areas.

As with the aggregate area, the minimum footgsantery small <0.1km? for both data setsneaning
that the ratias essentially meaningless. The ratio for the median is 200%, but this represents a
difference of just km? 2 vs 1km? The mean footprint has a ratio of 100%, an exact match with 7
km? for each data type. Both data sets contains cells that have been completely contacted, with
footprints equal to 2&m?, hence the ratiof the maximum footprinis a perfect match of 100%.

The same summary information by year is given in Table E8. The annual ratio for the median number
of tows that contacted a cefinged from 122225%, or 7.511.5 tows. For the mean, the ratio ranged
from 113 122% or a maximum difference of 9.8 tows. For the maximum, the annual ratio ranged

from 104 116%, or a maximum difference of 45 tows in any one year.

The annual median ratios for the aggregate area in a cell ranged froB2926 but none of the
differences represent more than Rn®. The ratios for the mean range from 1184%, but represent
no more than 2.8m?. The ratios for the maximum aggregate area range frémi®66, and
represents a maximum difference of 12n%.

The annual median ratios for the footprint in a cell range froni 188% but in no year did the actual
difference insquare kilometresxceed 1.2. Ratios for the mean footprint ranged froni 103%, but
this represents a maximum differerafeonly 0.6 km? The ratios for the maximum footprint ramge
from 100 103%,but both dataets had maximm footprint values very close to 28n?, the maximum
possibleso theresulting ratios were very close

SCIi Number of years contacted

There is little difference in the distribution between the two data sets when comparing the number of
years cells were contacted, but the hybrid data set did have close to 100 fewer cells that were
contacted in just one year of the time period, and 10@rfeells that were contacted in every year
(Figure E7, upper two plots). Numbers of cells are similar between the two data sétsyfeats of
contact.
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Similarly, there was little difference between the two data sets for the number of years since a cell was
last contactedalthough the hybrid data set tends to have fewer cells contacted overall (Figure E7,
lower two plots). For both, the most recent fishing year had the largest number of cells at about 750
for the hybrid and just over 800 for thFaightline data set. The numbers were similar between the

two data sets for those that had been contacted between 1 and 4 years ago at aréus0,5hd

300 cells respectively.

The spatial distribution for the number of years a cell was contacted for both data sets is shown in
Figure E8 (upper two plots) and for the most recent year contacted (lower two plots). At this
resolution, there is little difference that can be seen lestilee two data sets.
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Table E5: Number of cells contactedaggregate area, and footprint for SCI for fishing years 2019 to 2023 for the hybrid argtraight-line data sets. Ratios are
expressed for each measure as a percentage of the hybrid value to straight-line value.

No. of cells Aggregate area (kfh Footprint (kn?)
Year Hybrid Straightline Ratio Hybrid Straightline Ratio Hybrid Straightline Ratio
2019 870 999 87.1 8 899.1 8226.8 108.2 4426.9 4506.0 98.2
2020 668 726 92.0 9312.0 8 436.0 110.4 4 367.5 4485.1 97.4
2021 624 668 93.4 10 509.3 9574.9 109.8 4 456.3 4613.3 96.6
2022 616 653 94.3 9 755.8 8 915.5 109.4 4502.2 4535.0 99.3
2023 748 805 92.9 10 354.9 9209.8 112.4 4 820.5 4 806.1 100.3

Table E6: Number of new cells contactedby year, the corresponding aggregate area and footprint of those cells, and the footprint as a percentage of the aggregate
area for fishing years 2019 to 2023, for the hybrid andtraight-line data setsfor SCI. The ratio of each measure is expressed as a percentage of the
hybrid value to the straight-line value.

No. of new cells Aggregate area (ki Footprint (kn¥) Footprint as % of aggregate ar
Year Hybrid Straightline  Ratio Hybrid Straightline  Ratio Hybrid  Straightline Ratio Hybrid Straightline  Ratio
2019 82 80 102.5 18.7 17.3 108.1 18.6 17.2 108.1 99.5 99.4 100.1
2020 1 6 16.7 0.3 1.0 30.0 0.3 1.0 30.0 100.0 1000 100.0
2021 21 17 1235 6.6 6.2 106.5 6.6 6.2 106.5 100.0 1000 100.0
2022 0 3 0.0 0.0 0.7 0.0 0.0 0.7 0.0 | 1000 |
2023 8 9 889 4.2 74 56.8 4.0 72 556 95.2 97.3 978
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Table E7: Summary data for the number of tows that contact a cell, the aggregate area, and the footprint by-Rg? cell for SCI, for the combined fishing years
2019 2023, for the hybrid andstraight-line data. The ratio is expressed as a percentage of the hybrid values to tskeaight-line values.

Minimum 1st quartile Median

Hybrid Straightline Ratio Hybrid Straightline Ratio Hybrid Straightline Ratio

No. of tows 1.0 1 100.0 1.0 1.0 100.0 14.0 8.0 175.0
Aggregate area <0.1 <0.1 | 0.3 0.3 100.0 2.0 11 181.8
Footprint <0.1 <0.1 T 0.0 0.0 T 2.0 1.0 200.0
Mean 3rd quartile Maximum

Hybrid Straightline Ratio Hybrid Straightline Ratio Hybrid Straightline Ratio

No. of tows 184.0 150.9 121.9 293.2 209.8 139.8 1710.0 1591.0 107.5
Aggregate area 41.1 32.9 124.9 54.7 36.1 151.5 433.1 417.9 103.6
Footprint 7.0 7.0 100.0 13.0 13.0 100.0 25.0 25.0 100.0

Table E8: Annual summary data for the number of tows that contact each cell, the footprint, and the aggregate area for SQ0Q19 2023, giving the 25th percentile
(1stQuartile), median, mean, 75th percentile (3rdQuartile), and the maximum. The minimum number of tows that contacted each cell was 1 and the
minimum values for the footprint and aggregate areas was < 0.0001.

No. of tows 1st Quatrtile No. of tows median No. of tows mean No. of tows 3rd Quatrtile No. of tows maximum
Year Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio
2019 1.0 1.0 100.0 135 6.0 225.0 46.9 38.6 122.0 77.0 61.5 125.0 326.0 302.0 108.0
2020 6.0 4.0 150.0 38.0 27.0 141.0 62.4 53.1 118.0 102.0 88.0 116.0 334.0 289.0 116.0
2021 7.0 5.0 140.0 42.0 34.5 122.0 74.2 64.4 115.0 119.2 106.2 112.0 444.0 427.0 104.0
2022 7.8 5.0 156.0 50.5 39.0 129.0 70.4 62.3 113.0 108.0 102.0 106.0 429.0 389.0 110.0
2023 5.0 3.0 167.0 39.0 28.0 139.0 62.1 53.4 116.0 95.2 75.0 127.0 490.0 470.0 104.0
Aggregate area 1st Quatrtile Aggregate area median Aggregate area mean Aggregate area 3rd Quartile Aggregate area maximum
Year Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio
2019 0.3 0.3 100.0 1.6 0.7 229.0 10.2 8.2 124.0 16.0 11.6 138.0 70.2 69.8 101.0
2020 0.9 0.6 150.0 6.5 4.2 155.0 13.9 116 120.0 22.1 19.1 116.0 87.5 77.3 113.0
2021 0.8 0.6 133.0 7.3 5.8 126.0 16.8 14.3 117.0 27.0 234 115.0 123.9 111.6 111.0
2022 0.9 0.6 150.0 8.7 6.9 126.0 15.8 13.7 115.0 253 20.5 123.0 105.2 101.0 104.0
2023 0.6 0.4 150.0 6.4 4.6 139.0 13.8 11.4 121.0 21.3 16.4 130.0 1375 143.6 96.0
Footprint 1st Quartile Footprint median Footprint mean Footprint 3rd Quartile Footprint maximum
Year Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio Hybrid Straight line Ratio
2019 0.3 0.3 100.0 13 0.7 186.0 51 45 113.0 9.3 7.7 121.0 235 235 100.0
2020 0.8 0.5 160.0 4.3 31 139.0 6.5 6.2 105.0 10.9 10.9 100.0 23.8 23.1 103.0
2021 0.8 0.6 133.0 4.7 4.1 115.0 7.1 6.9 103.0 12.4 12.6 98.0 24.7 24.7 100.0
2022 0.8 0.6 133.0 5.4 4.8 113.0 7.3 6.9 106.0 12.7 12.6 101.0 24.6 24.4 101.0
2023 0.6 0.4 150.0 4.0 3.6 111.0 6.4 6.0 107.0 10.9 10.1 108.0 24.9 24.6 101.0
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Pl ot s r ednaoctvae dc ofndfri denti ality reasons.

Figure E5: Distribution of the SCI footprint for the 20191 2023 fishing years combined (upper plots) and
2023 (lower plots) for the hybrid andstraight-line data sets.
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Pl ot s r ednactvae dc ofndfri denti ality reasons.

Figure E6: Distribution of the SCI aggregate area for the 2012023 fishing years combined (upper plots)
and 2023 (lower plots¥or the hybrid and straight-line data sets
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Figure E7: The number of cells contacted in annual year bins (upper) and the number of cells in each bin representing the number of gesince a cell was last
contacted (lower) for 20192023 for the hybrid data (left) andstraight-line data (right).
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