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EXECUTIVE SUMMARY

Anderson, O.F. (2014). Fish and invertebrate bycatch in New Zealand deepwater
fisheries from 1990-91 until 2011-12.

New Zealand Aquatic Environment and Biodiversity Report No. 139. 60 p.

Commercial catch-effort data and fisheries observer records of catch by species provided by
the Ministry for Primary Industries (MPI) were used to estimate the level of individual fish
and invertebrate species bycatch in each fishing year from 1990-91 to 2011-12 for the
following Tier-1 deepwater fisheries:

Trawl fisheries
Arrow squid (SQU)
Hoki/hake ling (HOK/HAK/LIN)
Southern blue whiting (SBW)
Jack mackerel (JMA)
Orange roughy (ORH)
Oreo (OEO)
Scampi (SCI)

Longline fisheries
Ling (LIN)

The estimation process for the ling longline fishery, and the arrow squid fishery excluding
2011-12, stratified according to fishery area, and estimates of precision were calculated using
bootstrap methods. For the remaining fisheries no stratification was used and no estimates of
precision were calculated.
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1. INTRODUCTION

This report was prepared as an output from the Ministry for Primary Industries project
DAE2010-02 “Bycatch monitoring and quantification of deepwater stocks” and addresses the
following Specific objective for year-3.

4. To provide annual estimates of bycatch for nine Tier-1 species fisheries (SQU, SCI,
HAK, HOK, JMA, ORH, OEO, LIN, SBW).

The purpose of this research was to compile a list of all fish and invertebrate bycatch species in
New Zealand deepwater fisheries, with estimates of annual catch levels, which could be
relatively rapidly produced and regularly updated. This would allow early detection of any
downward (or upward) trends in bycatch of individual species in all Tier-1 deepwater fisheries,
not just in the single fishery typically examined in any one year. By fine-tuning these estimates
for the fishery under closer examination in each year (in this year the ling longline fishery) and
providing estimates of precision, an overall picture of the annual bycatch of a large number of
species, across each fishery, can be built up over multiple years—with increasing precision in
each year.

This report provides the second iteration of this plan, the first (Anderson 2013a) provided fine-
tuned estimates only for the arrow squid trawl fishery.

2, METHODS

Observer bycatch data were extracted from the MPI cod database for each of the Tier-1
species target fisheries (hoki/hake/ling trawl, jack mackerel trawl, orange roughy trawl, oreo
trawl, southern blue whiting trawl, scampi trawl, arrow squid trawl, and ling longline) for the
period 1990-91 to 2011-12. These data were subjected to the same error-checking
procedures used for the arrow squid fishery by Anderson (2013b).

The total catch and frequency of capture of each bycatch species was examined in each
fishery, and those species for which there was a total of less than 10 kg of observed catch
over the entire 22-year period, or which were observed caught on five or less occasions, were
disregarded. It was considered that either the capture of such species was so rare as to be
irrelevant, or the likelihood was high that such records were the result of the species code
being incorrectly recorded by the observer. Annual bycatch ratios for the remaining
individual QMS and non-QMS species (fish and invertebrates) were then calculated for each
fishery.

Commercial catch records were also obtained from the Ministry for Primary Industries for
each fishery, groomed according to the procedures described in Anderson (2013b), then used
to calculate annual effort (number of tows or longline sets) for each fishery.

For each fishery, excluding the ling longline fishery and all but the 201112 fishing year for
the arrow squid fishery, the annual species specific bycatch ratios were multiplied by the
annual effort in the fishery, without stratification, to produce simple estimates of total annual
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bycatch without any estimates of precision. An indication of whether the bycatch of each
species increased, decreased, or stayed relatively unchanged over time was calculated in the
form of a slope coefficient for a loglinear regression fitted to the data.

For the ling longline fishery, the procedure was similar but was extended to include an
estimate of precision derived from an area-stratified bootstrapping procedure used for the
combined species groups (QMS, non-QMS, and invertebrates) in Anderson (2014). This
procedure rounds the estimates of total annual catch to the nearest 0.1 t and so species with
less than this level of catch in at least one year were excluded. The same procedure was
applied to the arrow squid fishery in Anderson (2013a), except that estimates were rounded to
the nearest 10 t, and the results are repeated here for the years 1990-91 to 2010—11; new
(coarse) estimates were added for 2011-12.

See Anderson (2013b) for a more detailed description of the general methodology used to
extract and groom observer and commercial fishing return data, calculate bycatch ratios and
annual levels, and estimate precision.

Tables were constructed for each fishery showing the annual estimated bycatch for each
species and the slope coefficient. For all years in the ling longline fishery and for all years
except 2011-12 in the arrow squid fishery, the CV for each estimate was also provided. A
colour-coded summary table is also provided, in order to clearly indicate the species in each
fishery with declining or increasing catch levels.

3. RESULTS

Annual bycatch estimates for individual species in each of the nine Tier-1 fisheries are given in
Tables 1 to 8. The following is a brief summary of these tables, including figures showing the
annual bycatch of species showing the greatest increase and decrease over time. Note that in
some cases the apparent increase or decrease in bycatch of a species is likely to be due to
improvements in species identification, or changes in observer recording practices, over time.
For example, in the arrow squid fishery, the increase in bycatch of smooth red swimming crabs
(Nectocarcinus bennetti) appears to be at the expense of bycatch of the similar-looking paddle
crabs (Ovalipes catharus), and the increase in bycatch of floppy tubular sponges in the
hoki/hake/ling trawl fishery actually reflects the improved identification of sponges in more
recent years. Where the possibility of this was strongly suspected in the species figured, it has
been noted in the figure captions; for other species, e.g., slender jack mackerel, the changes in
bycatch may reflect real changes in species abundance.
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Arrow squid trawl fishery
The most commonly caught bycatch species were barracouta (Thyrsites atun, BAR),
silver warehou (Seriolella punctata, SWA), and spiny dogfish (Squalus acanthias,

Annual bycatch (t)

SPD).

Of the 99 bycatch species examined, 13 have shown a decrease in catch over time and

38 an increase in catch.

The species showing the greatest decline were paddle crabs (PAD), slender jack
mackerel (Trachurus murphyi, JMM), and greenback jack mackerel (Trachurus
declivis) (Figure 1).
The species showing the greatest increase were smooth red swimming crab (NCB),
silver dory (Cyttus novaezealandiae, SDO), and giant spider crab (Jacquinotia
edwardsii, GSC) (Figure 1).
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Figure 1: Annual bycatch estimates in the arrow squid trawl fishery for the species which have shown the
greatest decrease (top) and greatest increase (bottom) between 1990-91 and 2011-12. See text above for
explanation of the species codes. Note: the increase in PAD and decrease in NCB may be due to NCB being

erroneously recorded as PAD before 2003—04.
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Southern blue whiting trawl fishery

Annual bycatch (t)

The most commonly caught bycatch species were ling (Genypterus blacodes, LIN),
hoki (Macruronus novaezelandiae, HOK), and hake (Merluccius australis, HAK).

Of the 68 bycatch species examined, 12 have shown a decrease in catch over time and 4
an increase in catch.

The species showing the greatest decline were hoki (HOK), moonfish (Lampris
guttatus, MOO) and dark ghost shark (Hydrolagus novaezealandiae, GSH) (Figure 2).
The species showing the greatest increase were opah (Lampris immaculatus, PAH),
ray’s bream (Brama brama, RBM), and silverside (Argentina elongate, SSI) (Figure 2).

1000

800

600

400+

200+

15+

104

HOK MOO GSH
200
6—
150
4
100+
25 50
Lmﬂ@“ﬁ 0 0
1 I T 1 1 1 T T I T 1 1
1995 2000 2005 2010 1995 2000 2005 2010 1995 2000 2005 2010
RBM 149 paH ssI

124 150
10

100+

504

T T T T T
1995 2000 2005 2010 1995

)
2010

T T T T T
2000 2005 1985 2000 2005 2010

Figure 2: Annual bycatch estimates in the southern blue whiting trawl fishery for the species which have
shown the greatest decrease (top) and greatest increase (bottom) between 1990-91 and 2011-12. See text
above for explanation of the species codes.
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Scampi trawl fishery

e The most commonly caught bycatch species were javelinfish (Lepidorhynchus
denticulatus, JAV), unspecified rattails (Macrouridac, RAT), and sea perch
(Helicolenus spp., SPE).

e Of the 235 bycatch species examined, 51 have shown a decrease in catch over time and
47 an increase in catch.

e The species showing the greatest decline were skates (Rajidae and Arhynchobatidae,
SKA), bluenose (Hyperoglyphe antarctica, BNS) and alfonsino (Beryx spp., BYX)
(Figure 3).

e The species showing the greatest increase were Spiny masking crab (Teratomaia
richardsoni), jackknife prawn (Haliporoides sibogae, HSI), and gastropods (Class
Gastropoda, GAS) (Figure 3).
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Figure 3: Annual bycatch estimates in the scampi trawl fishery for the species which have shown the
greatest decrease (top) and greatest increase (bottom) between 1990-91 and 2011-12. See text above for
explanation of the species codes. Note: skates (SKA) were mainly recorded as rough skate (RSK) or smooth
skate (SSK) after 2002-03; spiny masking crabs may not have been well identified before 2004-05.
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Jack mackerel trawl fishery

Annual bycatch (t)

The most commonly caught bycatch species were barracouta (BAR), blue mackerel
(Scomber australasicus, EMA), and frostfish (Lepidopus caudatus, FRO).

Of the 117 bycatch species examined, 33 have shown a decrease in catch over time and
18 an increase in catch.

The species showing the greatest decline were dark ghost shark (GSH), sea perch
(Helicolenus spp., SPE), and carpet shark (Cephaloscyllium isabellum, CAR)
(Figure 4).

The species showing the greatest increase were pilchard (Sardinops sagax, PIL),
kingfish (Seriola lalandi, KIN), and silver dory (Cyttus novaezealandiae, SDO)
(Figure 4).
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Figure 4: Annual bycatch estimates in the jack mackerel trawl fishery for the species which have shown the
greatest decrease (top) and greatest increase (bottom) between 1990-91 and 2011-12. See text above for
explanation of the species codes.
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Orange roughy trawl fishery

e The most commonly caught bycatch species were smooth oreo (Pseudocyttus
maculatus, SSO), black oreo (Allocyttus niger, BOE), and black cardinalfish (Epigonus
telescopus, CDL).

e Of the 209 bycatch species examined, 31 have shown a decrease in catch over time and
41 an increase in catch.

e The species showing the greatest decline were spiny dogfish (SPD), black oreo
(Allocyttus niger, BOE), and cardinalfishes (Epigonidae, CDL) (Figure 5).

e The species showing the greatest increase were morid cods (Moridae, MOD), longnose
velvet dogfish (Centroscymnus crepidater, CYP), and bushy hard coral (Goniocorella

dumosa, GDU) (Figure 5).
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Figure 5: Annual bycatch estimates in the orange roughy trawl fishery for the species which have shown the
greatest decrease (top) and greatest increase (bottom) between 1990-91 and 2011-12. See text above for
explanation of the species codes. Note: Goniocorella dumosa may not have been well identified before
2005-06.
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Oreo trawl fishery

e The most commonly caught bycatch species were orange roughy (Hoplostethus
atlanticus, ORH), unspecified shark (SHA), and hoki (HOK).

e Of the 117 bycatch species examined, 3 have shown a decrease in catch over time and
28 an increase in catch.

e The species showing the greatest decline were dark ghost shark (GSH), unspecified
shark (SHA), and ling (LIN) (Figure 6).

e The species showing the greatest increase were ridge-scaled rattail (Macrourus
carinatus, MCA), Baxter’s lantern dogfish (Etmopterus baxteri, ETB), and pale ghost

shark (GSP) (Figure 6).
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Figure 6: Annual bycatch estimates in the oreo trawl fishery for the species which have shown the greatest
decrease (top) and greatest increase (bottom) between 1990-91 and 2011-12. See text above for explanation
of the species codes. Note: sharks (SHA) may have been identified to an increasingly higher taxonomic level
over time; rattails such as MCA may not have been well identified in earlier years.

Ministry for Primary Industries Bycatch in New Zealand deepwater fisheries from 1990-91 to 2010-11e 9



Hoki, hake, ling trawl fishery

e The most commonly caught bycatch species were silver warehou (SWA), javelinfish
(JAV), unspecified rattails (Macrouridae, RAT).

e Ofthe 358 bycatch species examined, 46 have shown a decrease in catch over time and

96 an increase in catch.

e The species showing the greatest decline were skates (SKA), slender jack mackerel
(JMM), and dogfishes (Etmopterus spp., ETM) (Figure 7).
e The species showing the greatest increase were floppy tubular sponge (Hyalascus sp.,
HYA), umbrella octopus (Opisthoteuthis spp.), and scabbardfish (Benthodesmus spp.,

BEN) (Figure 7).
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Figure 7: Annual bycatch estimates in the hoki, hake, ling trawl fishery for the species which have shown
the greatest decrease (top) and greatest increase (bottom) between 1990-91 and 2011-12. See text above for
explanation of the species codes. Note: skates (SKA) were mainly recorded as rough skate (RSK) or smooth
skate (SSK) after 2002—03; some species (e.g., the sponge HYA and the octopus OPI) may not have been well

identified in earlier years.
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Ling longline fishery

Annual bycatch (t)

Observers began monitoring this fishery in 1992-93, therefore bycatch estimates are not
available for 1990-91 and 1991-92.

The most commonly caught bycatch species were spiny dogfish (SPD), ribaldo (Mora
moro, RIB), and shovelnose dogfish (Deania calcea, SND).

Of the 119 bycatch species examined, 21 have shown a decrease in catch over time and
38 an increase in catch.

Among the species showing the greatest decline were bluenose (Hyperoglyphe
antarctica, BNS), Ray’s bream (Brama brama, RBM), and hapuku (Polyprion
oxygeneios, HAP) (Figure 8).

The species showing the greatest increase were the hairy conger (HCO), hagfish
(Eptratretus cirrhatus, HAG), and pale ghost shark (Hydrolagus bemisi, GSP)
(Figure 8).
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Figure 8: Annual bycatch estimates in the ling longline fishery for the species which have shown the greatest
decrease (top) and greatest increase (bottom) between 1992-93 and 2011-12. See text above for explanation
of the species codes.
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4, POTENTIAL FUTURE ANALYSES

e The use of MPI 3-letter codes to record the observed catch in these fisheries has
changed over time. The improved ability of observers to identify components of the
catch to a greater taxonomic resolution has meant that some generic codes (e.g., SHA,
shark; and CRB, crab) have been used with decreasing frequency, and new codes
have been introduced as taxonomic knowledge has improved among both scientists
and observers, and as the observer programme and MPI databases have matured. For
future analyses a complete examination of these changes should be considered and
codes combined where appropriate to improve the value of these summaries.

e Some apparent declines or increases in bycatch may be due to a substantial and
persistent change in the area of operation of the fishery, rather than a decline in
abundance. Future analyses could consider a spatial examination of species bycatch,
where there are sufficient data.

e (Graphical summaries could be expanded to include, for example, the key bycatch
species in each fishery, in addition to those showing large declines or increases.
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Table 1: Arrow squid trawl fishery. Total annual bycatch estimates (t) (with estimated CVs in parentheses where available—see text) for individual species, based on observer catch rates.
Species are ordered by decreasing total catch. The slope of a regression through the data points is shown in parentheses alongside each species code. See http:/marlin.niwa.co.nz for species
code definitions).

BAR®
SW A((].l)
SPD®
JM A(—O.Z)
RCO©®
JMM(-O.S)
WAR©
NCB(O.S)
HOK®
RBT(O.I)
RATD
CRB*?
LIN(O.I)
GSHD
STU(—O.I)
RBM(-(].Z)
SDO®Y
T AR(O.I)
SPE(O. 1)
ST A(O.l)
J AV(O.S)
JMD
HAP®D
GSC(O.A)
SKI(—O‘Z)
BSK(O.Z)
SSK©
WW A(O.l)
SCH®?
FRO(O.I)
P AD(—O.S)
RSK®
NCA®
SSI(O.Z)

1990-91 1991-92 1992-93 1993-94 1994-95 1995-96

8220(16) 7010(31) 6220(11) 2650(21) 1250(17) 6380(12)
150(45)  780(49) 640(130)
71036) 570(39) 1600(16)
420(34) 1680(27)

250(28)
420(39)
1530(46)
360(40)
130(100)
900(48)
0¢-)
120(25)
40(112)
110(47)
50(63)
30(72)
10(63)
30(23)
160(20)
0(-)
0¢-)
10(53)
20(30)
0(-)
500(86)
10(67)
0(-)
100(14)
0-)
10(57)
0(-)
0¢-)
0(-)
50(37)
0¢-)
0(-)
0(-)

310(33)

280(46)

540(49) 2050(53)
1280(46) 2260(24)

0¢-)
40(58)
90(64)
10(30)
0-)
30(57)
0(-)
80(26)
30(92)
0(-)
0-)
20(67)
20(42)
0c)
70(59)
0C)
0c)
120(76)
0-)
10(35)
20(86)
10(33)
0(-)
10(73)
0¢-)
0(-)
0(-)

0(-)
740(39)
150(59)
100(50)
30(79)
150(47)
30(64)
120(34)
410(29)
0(-)
0(-)
20(75)
40(66)
20(58)
0(-)
20(48)
0(-)
70(42)
0(-)
30(77)
10(108)
0(-)
0(-)
20(77)
20(80)
0(-)

0(-)

560(47)
820(35)
160(59)

40(56)
110(92)
700(114)
10(62)
60(42)
40(60)
90(29)
20(53)
190(47)
10(17)
0(-)
0(-)
0(-)
20(24)
0(-)
0(-)
10(64)
0(-)
20(39)
30(144)
10(41)
10(82)
0(-)
0(-)
0(-)
0(-)
0(-)
0(-)

360(68)
120(41)

100(47)
10(39)

350(35) 3520(19)

480(29)

160(41)

100(36) 4560(26)
0() 150(102)

0(-)
100(29)
0(-)
20(51)
40(26)
90(53)
10(73)
70(63)
30(23)
0(-)
0(-)
10(45)
20(48)
0(-)
40(122)
60(29)
10(32)
30(49)
0(-)
10(52)
0(-)
0(-)
0(-)
40(62)
10(55)
0(-)
20(106)

00)
110(14)
00)
10(17)
40(25)
00)
00)
240(10)
140(28)
00)
00)
00)
00)
00)
10(50)
10(41)
00)
00)
00)
00)
00)
00)
00)
60(42)
00)
20(63)
00)

1996-97 1997-98
990(22) 1420(14)
1780(29) 2090(23)
340(41)  210(29)
4190(20) 610(30)
80(23) 140(82)
260(52) 190(47)
460(82) 10(104)
0 0
170(20) 260(34)
150(54) 1210(39)
70(29)  30(46)
410(39) 260(37)
20(47)  40(57)
10(54)  10(57)
170(48)  10(26)
150(25)  20(60)
0 0
0 0
0(-) 10(45)
1030)  10(14)
0 0
40(66) 0(-)
0(-) 20(21)
0 0
1030)  10(22)
00) 00)
10(49) 0(-)
0-) 10(73)
10(42) 0(-)
0 0
50(76)  90(41)
0 0
00) 00)
0 0

1998-99 1999-00

6960(16) 3880(11)

3350(23)
2230(43)
670(44)
980(29)
1280(66)
230(59)
0-)
490(55)
400(73)
230(43)
40(53)
320(58)
70(44)
60(90)
20(27)
0(-)
10(52)
30(40)
60(50)
60(52)
80(74)
30(25)
0(-)
10(24)
80(80)
140(49)
20(58)
20(28)
20(86)
40(84)
20(148)
0(-)
0(-)

970(14)
430(47)
970(26)
530(32)
60(63)
560(32)
0(-)
40(36)
570(42)
130(37)
40(32)
20(29)
30(52)
50(15)
20(59)
0(-)
10(88)
0(-)
20(23)
0(-)
0(-)
30(18)
0(-)
0(-)
90(36)
20(41)
70(52)
10(52)
0(-)
10(32)
0(-)
0(-)
0(-)

2000-01 2001-02

10200(12) 7930(16)
2150(12) 2390(24)
1850(16) 3170(21)
500(29) 2240(21)

600(23)
230(31)
610(20)

0(-)
370(82)
290(27)
510(18)
200(29)
120(29)
360(45)

40(28)
270(14)
20(19)

0(-)

300(101)

30(18)
50(115)
50(74)
60(12)
0¢-)

0(-)

290(104)

50(21)
90(52)
30(16)
30(110)
40(48)

0(-)

0(-)

0-)

480(14)
90(44)
30(36)

00)

560(20)

750(39)

410(24)

360(23)

210(20)

420(34)
20(19)

180(31)
90(42)

280(30)
60(30)
90(21)

120(54)
20(66)
90(19)

0¢-)

120(25)

10(122)
70(29)
50(23)
50(23)
90(34)
10(81)

0(-)
0(-)
0-)

2002-03

3740(23)
5280(25)
2660(18)
10(22)
1890(15)
10(69)
60(63)
50(98)
200(20)
100(18)
500(13)
630(18)
290(18)
330(18)
10(26)
70(38)
420(19)
750(33)
180(19)
140(14)
30(27)
0(-)
110(11)
0¢-)
240(12)
120(37)
160(21)
150(29)
90(20)
100(42)
0¢-)

0(-)
80(42)
20(19)

2003-04

5250(26)
3190(14)
800(20)
140(39)
470(26)
20(41)
710(37)
0(-)
30(28)
410(44)
30(40)
1180(34)
110(58)
20(49)
10(22)
10(17)
30(63)
0(-)
20(35)
20(30)
10(110)
0(-)
60(20)
20(61)
10(20)
30(125)
30(51)
50(51)
10(40)
0-)
0¢-)
30(86)
90(87)
0-)

2004-05

2005-06

3480(19) 5700(20)
3170(40) 2020(19)

2220(39)
190(48)
1190(20)
20(71)
100(50)
410(21)
370(72)
430(47)
960(29)
130(55)
190(27)
300(38)
680(35)
80(36)
440(48)
160(38)
180(42)
60(25)
50(59)
30(95)
150(17)
50(20)
40(31)
0(-)
40(22)
10(57)
70(37)
80(65)
0(-)
50(27)
0(-)
30(26)

860(24)
170(33)
610(24)

70(91)
690(57)

1970(21)

380(47)

70(42)
340(19)
20(38)
200(24)
40(44)
40(24)
70(38)
80(46)
0¢-)
10(60)
50(21)
120(40)
20(75)
40(23)
180(29)
10(47)
0(-)
20(37)
10(30)
30(19)
10(74)
0(-)
30(22)
0(-)
20(49)

2006-07

850(30)
11280(31)
3410(28)
20(82)
370(17)
0(-)
640(30)
950(26)
1260(31)
70(82)
380(25)
20(37)
290(20)
630(29)
10(28)
40(37)
20(42)
40(50)
70(48)
180(14)
410(54)
0(-)
40(13)
60(21)
10(24)
100(35)
110(33)
190(50)
20(20)
100(72)
0(-)
60(28)
150(79)
150(28)

2007-08 2008-09 2009-10
3750(18) 2410(23) 3220(20)
570(13) 1000(22) 790(13)
290(20) 530(27) 840(29)
110(64) 110(41) 410(35)
950(21)  230(30) 660(27)
80(92)  10(87) 310(55)
20(53)  90(42) 180(60)
1380(22) 1360(21) 1010(16)
120(19)  250(28) 310(28)
80(83) 40(122) 130(61)
90(25) 110(24)  70(19)
80(63) 0(-) 0(-)
50(41)  90(40)  90(38)
1057)  10(42)  40(59)
40(33)  30(41)  20(62)
10(22) 0(-) 0(-)
40(35)  90(94)  70(40)

0(-) 0-) 0¢-)

0(-) 0(-)  20(64)
20(17)  20(25)  50(16)
1028)  10(69)  10(73)

0  0() 20(53)
2031)  30(61)  50(21)
70(22) 140(30)  70(20)

0(-) 0¢-) 0¢-)
20091)  10(155) 00)
10(51) 0() 0()

0)  10091)  20(98)
20022)  1030)  20(25)

0(-) 0(-) 0(-)

0(-) 0(-) 0(-)
2031)  2024)  40(19)

0(-) 0(-) 0(-)
50(65)  10(30) 0()

2010-11 2011-12

2880(19)
710(24)
510(27)

60(91)
1160(20)
0(-)
170(61)
620(23)
500(21)
10(51)
220(16)
0¢-)
340(23)
80(27)
20(34)
10(24)
90(40)
0-)
40(31)
50(23)
20(51)
0¢-)
20(25)
210(17)
10(94)
20(114)
10(24)
20(48)
40(32)
0(-)
0(-)
70(18)
0(-)
10(14)

2688
471
265
110
418

3
86
138
188
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Table 1—continued
1990-91 1991-92 1992-93 1993-94 1994-95 1995-96 1996-97 1997-98 1998-99 1999-00 2000-01 2001-02 2002-03 2003-04 2004-05 2005-06 2006-07 2007-08 2008-09 2009-10 2010-11 2011-12

POS® 0(-) 10(42) 10(28) 0(-) 0(-) 10(33) 10(26) 20(25)  30(20) 20(13) 30(24)  50(23)  20(17) 10(28)  10(32) 10(35) 20(37) 0(-) 0(-) 10(22) 10(24) 2
WIT 10(20) 0(-) 0(-) 0(-) 0(-) 0(-) 0(-) 0-) 10(32) 0(-) 10(22) 0-)  20(22) 10(33)  40(26) 10(10) 40(26) 0(-) 10(14)  10(10) 10(17) 1
CAR®Y 0(-) 0(-) 0(-) 0(-) 0(-) 0(-) 0(-) 0(-) 0(-) 0(-) 30(29) 0(-) 30(18) 10(75)  10(22) 10(40) 50(17) 0(-) 10(24)  10(32) 40(35) 3
SBW®" 0 0 0-) 0) 0-) 0-) 0-) 0)  100(97) 0 0 0 0(-) 30(139) 0-) 0 0-)  10(45) 0 0=  10G37) 10
N 0-) 0 00-) 0-) 00-) 00-) 0-) 10(41)  10(93) 00 20(41) 0 10(32)  80(62) 0-) 0 0-) 00-) 0 0 0 0
SPO" 0-) 0-) 0-) 0-) 0-) 0(-) 30(131) 0-) 0-) 0-) 0 0(-) 100(85) 0-) 0-) 0-) 0-) 0-) 0-) 0-) 0-) 1
MAK®D 0(-) 0(-) 0(-) 0(-) 0(-) 10(37) 10(77) 20(39) 20(36) 10(55) 40(86) 0(-) 10(47) 0(-) 0(-) 0(-) 0(-) 0(-) 0(-) 0(-) 0(-) 1
BWS® 0(-) 0(-) 0-) 0 0-) 0-) 0-) 0-) 0 0 9031 10(14) 0-) 0 0-)  10(14) 0-) 0-) 0 0 0 0
FHD®" 0 0 00-) 0-) 0-) 00-) 00-) 0-) 0 00-) 0(-) 0(-) 0(-) 0=  10(17) 0-)  100(28) 0-) 0 0 0 0
JMN® 0-) 0-) 0-) 0-) 00-) 0(-) 110(93) 0-) 0-) 0-) 0-) 0-) 0 0-) 00-) 0-) 0-) 0-) 0-) 0-) 0-) 0
PIG®? 0(-) 0(-) 0(-) 0(-) 0(-) 0(-) 0(-) 0(-) 0(-) 0(-) 0(-) 0(-) 10(14) 0(-) 20(43) 10(28) 10(28)  10(24) 10(33)  10(14) 30(20) 1
BCO®" 0(-) 0(-) 10(73) 0(-) 0(-) 0(-)  10(47) 0(-) 0(-) 0(-) 10(41) 0-)  10(50) 10(54) 0(-) 0(-) 20(40) 0(-) 0(-) 0(-) 30(53) 2
HPBY 20(38)  30(39)  30(31) 0-) 0-) 0-) 0-) 0-) 0-) 00-) 0 0-)  10(68) 0-)  10(65) 0-) 0-) 00-) 0-) 0-) 0-) 1
BCD"? 0 0 0-) 0-) 0-) 0-) 0-) 0-) 0 0-) 0 0 0 0-)  10(44) 0 0-) 6037)  10(32) 0-)  10(14) 7
GON®? 0(-) 0(-) 0(-) 0(-) 0(-) 0(-) 0(-) 0(-) 0(-) 0(-) 0(-) 0(-) 10(14) 10(17)  10(17) 10(24) 10(24)  10(20) 10(22)  10(28) 10(20) 2
HAK" 0 0-) 10(58) 00-) 00-) 0-) 0-) 0-)  70(67) 0-) 0(-) 0=  10(17) 0(-) 0-) 0 0-) 0-) 0 0-) 0 5
LDO™Y 0 0 0-) 0-) 0-) 0-) 0-) 0-) 0-) 10(56)  10(30) 0 0 0-)  10(17) 0-)  60(26) 0-) 0 0 0-) 5
ssceey 0 0 30092)  50(88) 0-) 0-) 0-) 0-) 0 0-) 0-) 0 0 0 0-) 0 0-) 0-) 0 0 0 0
CBE" 0 0-) 0-) 00-) 0-) 0-)  50096) 0-) 0-) 0 20093) 0(-) 0(-) 0(-) 00-) 0-) 00-) 0-) 0-) 0 0 3
CDO®” 0-) 0-) 0-) 0-) 0-) 0-) 0-) 0-) 0-) 00-) 0 0-)  30(66)  40(68) 0-) 0-) 0-) 00-) 0-) 0-) 0-) 0
RDO" 0-) 0 0-) 0-) 0-) 0-) 0-) 0-) 0 0-) 0 0 0= 10097 0-) 0 0) 0-) 0-) 50092)  10(59) 0
BEL®" 0 0 0-) 10(160) 0-) 0-) 0 0 0 0-)  10(104)  10(37) 0-) 0 0 0 0-)  1089) 0 0 20(57) 0
ocT® 0-) 0-) 0-)  10(24) 0-) 0-) 00-) 0-)  20(49) 00-) 0 0=  10(17) 0=  10(33) 0-) 0-) 0-) 0-) 0-)  10(10) 4
TOA®? 0 0 0-) 0-) 0-) 0-) 0-) 0-) 0 0-) 0 0-)  10(14) 0 0-) 1022)  20(18) 0-)  10(10) 0=  10(20) 1
GUR" 0 0 0 0-) 0-) 0-) 0-) 0-) 0 0-) 0-) 40(49) 10(36) 0 0-) 0 0-) 0-) 0 0 0 0
BSH" 0 0 00-) 00-) 0-) 00-) 00-) 00-) 0-)  40(85) 0(-) 0(-) 0(-) 0(-) 0-) 0-) 0-) 00-) 0 0 0 0
COF” 0-) 0-) 0-) 0-) 0-) 00-) 00-) 0-) 0-) 00-) 0 0 0 0 0-) 0-) 4087 0-) 0-) 0-) 0-) 0
sQI? 0 0 0-) 0-) 0-) 0-) 0-) 0(-) 20(160) 0 0-)  20(86) 0 0 0 0-) 0 0 0 0-) 0 0
LAN®? 0 0 00-) 00-) 0-) 0-) 00-) 0-) 0-) 0-) 0(-) 0(-) 0(-) 0(-) 00-) 0  10(75)  10(85) 0 0  10(59) 3
STNCD 0-)  10(28) 0-) 00-) 0-)  10(36) 0-) 0-) 0-) 00-) 0 0 0-) 0-)  10(28) 0-) 0-) 0-) 0-) 0-) 0-) 0
BAS®” 0 0 0-) 0-) 0-) 0-) 0-) 0-) 0 0-) 0 0 20(32) 0 0-) 0 0-) 0-) 0 0 0-) 0
BBE"” 0 0 0 0-) 0-) 0-) 0-) 0-) 0-)  20(50) 0 0 0 0 0-) 0 0 0-) 0 0 0 0
BYS® 0 0 00-) 00-) 0-) 00-) 00-) 00-) 0 00-) 0-)  20(82) 0(-) 0(-) 0-) 0-) 0-) 00-) 0 0 0 0
GFL®" 0-) 0-) 0-) 00-) 0-) 0-) 0(-) 10(1006) 0-) 0-) 0-) 0 0 0(-) 0-) 0-) 0-) 0 0-) 0-)  10(10) 3
MDO® 0(-) 0(-) 0 0 0-) 0-) 0 0-) 0 0-) 0-)  10(26) 0 0-) 0-) 0  10(66) 0-) 0 0 0 0
ONG“" 0 0-) 00-) 0-) 00-) 00-) 00-) 0-) 0-) 00-) 0(-) 0(-) 0(-) 0(-) 0-) 0 0-)  10(86) 0-)  10(56) 0 0
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Table 1—continued
1990-91 1991-92 1992-93 1993-94 1994-95 1995-96 1996-97 1997-98 1998-99 1999-00 2000-01 2001-02 2002-03 2003-04 2004-05 2005-06 2006-07 2007-08 2008-09 2009-10 2010-11 2011-12

OPE® 0 0 0-) 0-) 0-) 0-) 0-) 0-) 0 00  10212) 0 0 0 0 0 0 0 0-) 10(126) 0 7
Qsc® 0 0 00-) 00-) 0-) 00-) 00-) 0-)  10(89) 00-) 0(-) 0(-) 0(-) 0(-) 0-) 0-) 0-) 0-) 0 0-)  10(41) 0
SKA® 0-) 0-) 0-) 00-) 0-) 00-) 0-) 1037 0-) 00-) 0-) 0-)  10(44) 0-) 0-) 0-) 0-) 0-) 0-) 0-) 0-) 0
SNA® 0 0 0= 10097) 0-) 0-) 0-) 0-) 0 0-) 0 0 0 0(-) 10(183) 0 0) 0-) 0 0-) 0 0
THR® 0-) 0 00-) 0-) 00-) 00-) 00-) 00-) 0-) 10(24)  10(66) 0(-) 0(-) 0(-) 0-) 0-) 00-) 00-) 0 0 0 1
Yco® 0-) 0-) 0-) 0-) 0-) 0-) 0-) 0-) 0-) 0-) 0 0 0( ) 0=  10(17) 0= 1017 0-) 0-) 0-) 0-) 0
ASR” 0 0 0-) 0-) 0-) 0-) 0-) 0-) 0 0-) 0 0 0 0 0) 0  10(22) 0-) 0 0 0-) 0
BGZ" 0 0 0-) 0 0-) 0-) 0-) 0-) 0 0-) 0(-)  10(46) 0-) 0-) 0-) 0 0-) 0-) 0 0 0-) 0
BRA" 0 0-) 00-) 00-) 0-) 0-) 00-) 0-) 0 0 10095) 0(-) 0(-) 0(-) 00-) 0 00-) 0-) 0-) 0 0 0
BTH® 0-) 0-) 0-) 0-) 00-) 0-) 0-) 0-) 0-) 0-) 0-) 0-) 0 0 0-) 0-)  10(58) 0-) 0-) 0-) 0-) 0
BYX" 0 0 0 0-) 0-) 0-) 0-) 0-) 0 0-) 0 0 0 0-) 0-) 0 1051 0-) 0 0 0-) 0
CON® 0 0 00-) 0-) 0-) 00-) 00-) 0-) 0 00-) 0(-) 0(-) 0(-) 0(-) 0-) 0 00-) 0-) 0 0-) 10(122) 0
CRA" 0-) 0-) 0-) 0-) 0-) 0-) 0-) 0-)  10(99) 0-) 0 0-) 0-) 0-) 0-) 0-) 0-) 0-) 0-) 0-) 0-) 0
CRU" 0 0 0-) 0-) 0-) 0-) 0-) 0-)  10(68) 0-) 0 0 0 0 0) 0 0-) 0-) 0 0-) 0 0
DSK 0 0 0-) 0 0-) 0-) 0-) 0-) 0 0-) 0 0 0 0 0-) 0-)  10(40) 0-) 0 0 0 0
DSP 0 0 00-) 0-) 0-) 00-) 00-) 0-) 0 00-) 0(-) 0(-) 0-)  10(46) 0-) 0 0-) 0-) 0 0 0 0
EEX" 0-) 0 0-) 0-) 0-) 0-) 0-) 0-) 0 0-) 0 0 0 0 0-) 0 0-) 0-) 0 0-)  10(69) 0
FLA®D 0 0 0-) 0-) 0-) 0-) 0-) 0-) 0 0-) 0 0-) 0-) 0 0-)  10(40) 0-) 0-) 0 0 0 3
GMU" 0 0-) 00-) 00-) 0-) 0-) 00-) 0-) 0 0-)  10(147) 0 0-) 0(-) 0-) 0 0-) 0-) 0 0 0 0
GSp” 0-) 0-) 0-) 0-) 0-) 0-) 0-) 0-) 0-) 00-) 0 0-) 0=  10(53) 0-) 0-) 0-) 00-) 0-) 0-) 0-) 0
JFID 10(58) 0 0-) 0-) 0-) 0-) 0-) 0-) 0 0-) 0 0 0 0 0) 0 0) 0-) 0 0 0-) 0
JGu? 0 0 0 0 0-) 0-) 0-) 0-) 0 10(52) 0 0 0 0 0-) 0 0-) 0-) 0 0 0 0
LsK® 0-) 0-) 0-) 00-) 0-) 0-) 0-) 0-) 0-) 00-) 0 0 0 0 0-) 0  10(22) 0-) 0-) 0-) 0-) 0
MOK® 0 0 0-) 0-) 0-) 0-) 0-) 0-) 0 0-) 0-)  1039) 0 0 0-) 0 0-) 0-) 0 0 0-) 0
scp® 0 0 0-) 0-) 0-) 0-) 0-) 0-) 0 0-) 0 0 0-)  10(87) 0-) 0 0-) 0-) 0 0 0-) 1
SHA® 0-) 0 00-) 0-) 00-) 00-) 00-) 00-) 0-) 00-) 0  10(75) 0(-) 0(-) 0-) 0 0-) 00-) 0 0 0 0
SNI? 0-) 0-) 0-) 0-) 0-) 0-) 0-)  10(82) 0-) 0-) 0 0-) 0-) 0-) 0-) 0-) 0-) 0-) 0-) 0-) 0-) 0
WPs® 0 0 0-) 0-) 0-) 0-) 0-) 0-) 0 0-) 0 0 0 0 0-)  10(86) 0-) 0-) 0 0-) 0 0
wsQ® 0 0-) 0-) 00-) 00-) 0-) 0-) 0-) 0 00-) 0(-) 0(-) 0(-) 0(-) 00-) 0  10(30) 0-) 0 0 0 0
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Table 2: Southern blue whiting trawl fishery. Total annual bycatch estimates (t) for individual species
with at least 1 t of estimated bycatch in at least one year, based on observer catch rates; blank cells are <1
t. Species are ordered by decreasing total catch. The slope of a regression through the data points is
shown in parentheses alongside each species code (see http://marlin.niwa.co.nz for species code definitions).
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Table 2—continued

1992-93

1990-91
1991-92

POR(0)
BSQ
API©0)

MIC(0)

—_— =

OPA(©0) 1

DEA(0)
EMA(0)
BAR(©0)
RBT(0)
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2005-06
200607
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2011-12
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Table 3: Hoki/hake/ling trawl fisheries. Total annual bycatch estimates (t) for individual species with at
least 1 t of bycatch in at least one year, based on observer catch rates; blank cells are <1 t. Species are
ordered by decreasing total catch. The slope of a regression through the data points is shown in
parentheses alongside each species code (see http://marlin.niwa.co.nz for species code definitions).
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171

61
22
116
131
223
94
99
211
10
19
31
52

55
32

383

299
248
835
63
56

109

159

135
61
44
41

80
41
138
19
152
117
104

55
35

295
293
191
233
390
268
114

45
428

242
65
28
60
35

194

154
52
98
31

140

178

157

91
113
125

22

38

62

149
134
183

77

54
244
245

15
78
112
24

55
39

169
187
381
70
506
19
123
84
51
64

288
50

162
10
170
52
113
71
17
87
110

39
81
13
20
21
49

201
61

235
67
83
23

21
32

40
15
90
117
72
45
22
40
149

56
28
61
14
90
27
12

2006-07

2518
4123
1466
1671
1115
2785
4
580
354
181
327
394
85
199
274
189
317
190
50
24
144
72
37
52

15
109
15
51
66
1
461
17
10
97
46
68
192
53
38
20
152
24

35
28
51
93
31
26
21

2007-08

2008-09

2009-10

1999 1255 2058
3371 3045 3677
2172 2250 2898
1179 1184 1410

787
1161
17
762
966
84
272
217
99
241
206
403
402
149
99
3
46
131
10
88
22
696
133
34
23
81

127
23
10

145

310
85

189
66
36
19
12
21

165
54
33

108
22
49

698
752
251
500
512
34
154
191
103
160
129
240
72
100
125
3
22
52
51
51

789
90
37
39

110

421
46
51
21
25

122
43
74

223
38
23
16
43

55
29

96
15
25

86
1010
3
478
344
86
333
223
196
141
215
147
286
179
64
1
31
33
34
90
28
33
133
10
44
7
84
285
22
16
24
279
53
43
43
59
4
50
39

49
39
12
51
35
56
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71
89
173
58
42
288
196
43
28

27
56
17

65
118
62
85
19
47

92
14

83
59

45
29
32

130

29

16
22
30
56
136
98
64
49
46
14
13
17

36
31
20
92
34
30
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Table 3—continued

833 % %5388 33832852220
[ — N o <t ) \O [ 0 N [ — [a\] o < v O o~ e} N () —
& & R & & & & & 8 888 888 888 8 8 3 3
— — — — — — — — — — ()] [\ [\ (o] (o] ()] ()] ()] [\ N N N
TOA®D 6 4 1 1 3 10 22 34 32 34 55 45 94 69 84 43 16 18 9 16 20 15
MDD 11 3 36 225 1 1 21 204 4 3 18 46 16 13 11 2 2 1
RSK®D 10 11 10 6 7 1 25 85 1 2 3 4 111 38 47 14 79 20 33 34 23
ASR®? 9 9 19 127 22 151 58 20 47 10 10 16 17 19 8 9 8
RHY? 2 1 2 1 8 1 7 6 5 38314 70 38 19 10 14 15 60 9 204
CDL® 144 34 8 10 2 2 1 30 4 25 99 19 22 5 11 7 7 9 7 17 10 11
SNACOD 10 24 230 3 17 182 1 3
CYp©D 32 163 1 1