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EXECUTIVE SUMMARY 

1 This paper is the Ministry of Fisheries’ (MFish) initial position on a proposed regime to 
manage the interactions between the New Zealand (or Hooker’s) sea lion and the southern squid 
trawl fishery (SQU 6T) during the 2006-07 fishing year.  This regime will be implemented under an 
Operational Plan approved by the Minister of Fisheries. 

2 The proposed regime will focus on the use of a ‘fishing-related mortality limit’ (FRML) to 
constrain sea lion mortalities caused by SQU 6T trawl fishing to an acceptable biological level.  
The proposed 2006-07 Operational Plan will continue to adopt an interim management objective to 
ensure fishing-related mortality does not prevent the sea lion population from approaching carrying 
capacity if depleted.   

3 The New Zealand sea lion (NZSL) is New Zealand’s sole endemic pinniped, and is among 
the rarest sea lions in the world, being listed as “threatened” under s 2(3) of the Marine Mammals 
Protection Act 1978 due to the limited number of breeding colonies, and is therefore considered 
susceptible to population decline.  Separately, the NZSL is listed as “vulnerable” by the 
International Union for the Conservation of Nature and Natural Resources (IUCN).  Under the 
IUCN interpretation, a species listed as vulnerable is considered to face a high risk of extinction in 
the wild.   

4 The Department of Conservation (DoC) monitors annual sea lion pup production, by which 
the NZSL population is estimated.  Since 1998 there has been a decrease in pup production of 
approximately 30%.  This decline suggests a decrease in mature females or a decrease in pupping 
rate.  Whether this decline is a foreseeable response to past disease events is open to question and 
has not been demonstrated.  DoC has cautioned that the current decrease could lead to the addition 
of another qualifier for NZSL to be listed as a threatened species, not only on the basis of the 
restricted species range but also on the basis of the species being in slow to gradual decline1.   

5 The squid fishery has become New Zealand’s biggest fishery in recent years, both in terms 
of volume and value of catch, with aggregate squid export values ranging from $69 million to $171 
million in recent years (FOB).  Within the overall squid fishery (trawl and jig) SQU 6T accounts 
for around 25% of the squid TACC.  Squid catch fluctuates markedly both between and within 
fishing years, and there are no reliable stock assessment forecasts to indicate likely squid 
abundance prior to a given season.  SQU 6T catch has varied from roughly 1 000 to greater than 34 
000 tonnes in recent years.  On average, fishers have caught around 42% of the SQU 6T TACC.  
The FRML established in the proposed Operational Plan may limit utilisation opportunity for SQU 
6T fishers, as the fishery may be closed by Gazette notice once the FRML has been reached.   

6 In 2003, MFish commissioned NIWA to develop a comprehensive sea lion population 
model that could take into account the full range of biological and fisheries data available to date.  
The Breen and Kim model2,3 is used when assessing the impact of different levels of sea lion 

                                                 
1 Ian S. Wilkinson, Pádraig J. Duignan, Alex Grinberg, B. Louise Chilvers, and Bruce C. Robertson 2006. Klebsiella 
pneumoniae epidemics: Possible impact on New Zealand sea lion recruitment. In: Sea Lions of the World. Editors 
A.W. trites, D.P. DeMaster, L.W. Fritz, L.D. Gelatt, L.D. Rea & K.M. Wynne. Lowell Wakefield Fisheries 
Symposuim, Alaska. Pp 385-404 
2 Breen, P.A. & S.W. Kim. 2006a. An integrated Bayesian evaluation of Hooker’s sea lion bycatch limits. pp. 471-493 

In A. Trites, S. Atkinson, D. DeMaster, L. Fritz, T. Gelatt, L. Rea & K. Wynne.  Sea lions of the world.  Alaska Sea 
Grant College Program, University of Alaska, Fairbanks.  Wakefield Symposium Series AK-SG-06-01.  664 pp.  
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mortality (harvest control rules), both in terms of potential forgone fishing opportunity and sea lion 
sustainability, in light of the ‘sustainability criteria’ used to measure the interim management 
objective agreed upon by the Aquatic Environment Working Group (AEWG).  FRMLs are 
produced by applying the average sea lion pup count data for the previous two seasons to the 
harvest control rules that meet the sustainability criteria.  For the 2006-07 fishing year, potential 
FRMLs range from 0 to 504 sea lions (Appendix 1).   

7 While the AEWG considers that the Breen and Kim model remains appropriate for 
managing the NZSL / squid trawl interactions in 2006-07, the group recommended that the model 
be reviewed and updated before the 2007-08 Operational Plan is developed.  There are several 
issues, which emphasise the need for caution in light of uncertainty.   

• The model is based on NZSL population data made available by DoC in March 2003, and does 
not incorporate more recent information, including those data that indicate a decline in pup 
production.   

• In hindsight it appears that several model parameters do not accurately capture trends that have 
developed over time.  If the model was updated the AEWG considered that the range of harvest 
control rules meeting the sustainability criteria would reduce.  Higher rules such as 380 and 
390 would likely fail the sustainability criteria, and the Cusp would become some lower 
numbered rule.    

• The decline in pup numbers and sea lion population casts doubt on the 2003 assessment that 
population is near carrying capacity (K).   

• Sea lions are taken in unknown numbers in other fisheries and this mortality is not included in 
the model or managed under the SQU 6T Operational Plan.   

• SQU 6T tow length has been increasing over recent years, which has uncertain implications 
regarding the predetermined strike rate by which projected sea lion mortality is monitored.  
There is also uncertainty regarding the efficacy of a Sea Lion Exclusion Device (SLED) in 
ejecting sea lions and the survival of animals ejected.   

8 MFish is required to advise the Minister on management options that balance utilisation and 
sustainability obligations under the Fisheries Act 1996 (the Act), and are sufficiently cautionary in 
light of uncertainty.  While the Minister can choose a FRML in the range of 0 to 504 sea lions for 
the 2006-07 fishing year, MFish considers that FRMLs outside the range of 55 to 218 sea lions 
(resulting from Rules 310 to 340, including Rule 4) do not provide an adequate balance between the 
Minister’s statutory obligations.  MFish considers FRMLs lower than 55 sea lions (under Rule 310) 
to be overly-restrictive of squid utilisation opportunity, whereas FRMLs greater than 218 (Rule 
340) provide relatively little added utilisation opportunity for further increases in sea lion mortality.   

9 The Breen and Kim model assesses the sustainability of the harvest control rules assuming 
that each rule is applied consistently for 100 years.  In previous years MFish favoured the adaptive 
harvest control ‘Rule 4’ as representing the most appropriate balance between providing for 
utilisation whilst ensuring sustainability.  MFish does not specifically recommend that the Minister 

                                                                                                                                                                  
 
3 Breen, P.A. & S.W. Kim. 2006b. Exploring alternative management procedures for controlling bycatch of Hooker’s 
sea lions in the SQU 6T squid fishery. Final Research Report for Ministry of Fisheries Project M0F2002/03L, 
Objective 3. Revision 5, 3 February 2006. 88 pp 
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adopt Rule 4, however the continued sea lion population decline, and the advantages of consistently 
applying the same harvest control rule across several years, mean that Rule 4 (FRML of 77) 
remains a valid option for 2006-07.   

10 In 2005-06 53% of the squid TAC was caught with an estimated sea lion mortality of 110.  
The number of tows conducted in any fishing year depends on the level of the FRML, the 
proportion of tows that receive the discount strike rate for fishing in accordance with the 
Operational Plan, and the annual abundance of squid.  If all tows in 2006-07 receive the current 
discount factor of 20%, and squid abundance is at its historical average of 6t/tow, FRMLs ranging 
from 55 to 218 could result in 24% to 95% of the TAC being taken.  However, squid abundance has 
occasionally been as high as 13t/tow, in which case a FRML of 55 would result in 52% of the TAC 
being taken, and 100% of the TAC would be taken with a FRML of 105 sea lions.     

11 Fishing industry stakeholders have expressed preference for no mortality limits 
(unconstrained effort) on fishing, but with industry-imposed bycatch limits.  Industry has suggested 
that setting the FRML at 150 sea lions would allow for a high level of utilisation (given long-term 
average expected mortalities) while being at the cautionary end of the FRML spectrum.  
Environmental groups favour more cautionary FRMLs, combined with measures to afford more 
protection to sea lions.  Toitü te Whenua te Runanga o Ngai Tahu (the Ngai Tahu Environmental 
Policy and Planning Section) share a similar view to environmental groups.    

12 Sea lion mortality against the FRML is monitored by applying a pre-determined strike rate 
to the number of trawl tows conducted.  The status quo strike rate is 5.3% (5.3 sea lions / 100 tows) 
resulting from a seven year average of observer data.  This figure could be revisited, given a trend 
of increased tow length, and two new strike rate models being available.  One model makes no 
recommendation of appropriate strike rate and the other suggests an increase to 5.8%.  The AEWG 
was unable to reach consensus on what information should be considered the best available.    

13 Vessels deploying an MFish-approved SLED design may be awarded a discount factor to 
the predetermined strike rate.  In the past this discount has been 20%.  There is a great deal of 
uncertainty regarding the appropriate discount rate, however, the AEWG does not consider that 
there is any new information on which to base a change to the discount rate at this time.   

14 MFish proposes that the 2006-07 Operational Plan includes the following main 
components: 

a) A FRML from within a range of 55 to 218 sea lions, resulting from Rules 310 to 340 
(including Rule 4 with FRML of 77); 

b) Use of a predetermined strike rate to estimate the total number of sea lion mortalities 
against the FRML.  MFish proposes retaining the status quo strike rate of 5.3% or 
increasing it to 5.8%; 

c) Use of a 20% discount factor for vessels using an MFish-approved SLED;  

d) Closure procedures that may be put in place in the event the FRML is reached. 
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INTRODUCTION 

15 In accordance with s 12(1) of the Fisheries Act 1996 (the Act), the purpose of this Initial 
Position Paper (IPP) is to commence consultation on a proposed regime to manage the interactions 
between the New Zealand (or Hooker’s) sea lion and the southern squid trawl fishery (SQU 6T) 
during the 2006-07 fishing year.  This regime will be implemented under a 2006-07 Operational 
Plan approved by the Minister of Fisheries. 

16 In this document, the term ‘fishing-related mortality limit’ or FRML describes the limit on 
fishing-related mortality applied under s 15(5)(b) of the Act4. 

17 MFish invites you to provide comments on the proposed management measures to be 
implemented for the 2006-07 SQU 6T fishery.  All comments must be received by Friday, 13 

October 2006 and should be sent to Tracey Steel, Ministry of Fisheries, PO Box 1020 Wellington, 
or faxed to (04) 819 4601, or emailed to Tracey.Steel@fish.govt.nz. 

18 If you have any questions about this IPP, please contact Jim Cornelius, Senior Fisheries 
Management Advisor (Deepwater), at the Ministry’s Nelson office on (03) 548 1069, or e-mail 
cornelij@fish.govt.nz. 

RATIONALE FOR MANAGEMENT OPTIONS  

Figure 1 - Map showing the location of the Auckland Islands and Campbell Island 

 

                                                 
4 Before the 2004-05 Operational Plan, previous plans used the term “Maximum Allowable Level of Fishing Related 
Mortality (MALFiRM)” to describe the limit on fishing related mortality the Minister of Fisheries enforces under 
s 15(5)(b) of the Act.  This created confusion because a MALFiRM proper is an output of a Population Management 
Plan the Minister must enforce under s 15(5)(a) of the Act.  In this document, MALFiRM refers to those considerations 
under s 15(5)(a) of the Act, and FRML refers to those considerations under s 15(5)(b) of the Act. 
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SQU 6T fishery 

19 Squid is currently one of New Zealand’s top seafood exports by volume and by value.  The 
SQU 6T fishery targets arrow squid (Nototodarus sloanii) by trawl methods in waters around the 
Auckland Islands (see Figure 1) and takes New Zealand sea lions (Phocarctos hookeri) as bycatch.   

20 The total allowable commercial catch (TACC) for SQU 6T is 32,369.4 tonnes, and has been 
set at this level since the 1997-98 season.  The SQU 6T TACC equates to about 25% of the entire 
squid TACC (trawl and jig combined) throughout New Zealand.  The lack of information on squid 
population dynamics means that it is not possible to manage the squid in line with s13 of the Act in 
order to maintain the biomass above the level that will achieve the maximum sustainable yield.  
Therefore, the squid TAC is set under s14 of the Act, which allows for the setting of a TAC where 
there is insufficient information from which to determine a maximum sustainable yield for species 
that display this level of inter-annual variability.   

21 Aggregate squid export values vary significantly over time, ranging in recent years from 
$69 million in 2003 to $171 million in 2004 (FOB).  Year-to-year changes in export value reflect 
variation in catch volume and price.  Export values specific to product from SQU 6T are not 
reported.  Assuming SQU 6T exports are in proportion to landings (roughly 25% of all squid 
catch), export value of this fishery in recent years has ranged from about $17 million to $43 million 
per year.  Squid caught in SQU 6T are reported to be larger size, on average, than from other New 
Zealand squid fishing grounds, and the larger-size product typically commands a premium price in 
the market.  Port price for raw product SQU 6T catch is reported by MFish to be $0.79 per kg for 
the 2005-06 season, continuing a gradual decline in value over the past five years from about $1.37 
per kg in 2001/02.  Squid export prices as available from New Zealand Customs data appear more 
stable, ranging from about $1.90 to $2.45 per kg over the past five years.   

22 The variation in export value appears most influenced by variable year-to-year catch levels; 
the fishery is seasonal and catch can fluctuate significantly between years (Table 1).  Squid live for 
about one year, spawn once, and then die, thus every squid season is based on what amounts to a 
new stock5.  Because of the short life span and rapid growth of squid, it is not possible to estimate 
the biomass prior to the start of any fishing season.  Moreover, the biomass increases rapidly during 
the season as the squid grow and then decreases to low levels as the animals spawn and die. 

23 The variable nature of catches is also influenced by SQU 6T season closures because of sea 
lion interactions.  Table 1 compares annual reported landings, squid catch limits (TACC), FRMLs, 
estimated sea lion mortalities, and fishery closure dates (if either triggered by the FRML or 
voluntary withdrawal from the fishery) since 1987-88.  Estimated mortalities have exceeded the 
FRML especially in earlier years because of the unpredictability of sea lion bycatch, and the time 
taken to receive ongoing vessel operations data required to extrapolate FRML estimates. 

                                                 
5 Sullivan.K.J., Mace.P.M., Smith.N.W.McL., Griffiths.M.H., Todd.P.R., Livingston.M.E., Harley.S.J., Key.J.M., & 
Connell.A.M. (2005).  Report from the Fishery Assessment Plenary, May 2005: stock assessments and yield estimates; 
Ministry of Fisheries. 
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Table 1  SQU 6T fishery statistics 

fishing SQU 6T SQU 6T sea lion estimated closure 

year TACC (t) catch (t) FRML Mortalities
f 

date 

1987-88 32 333 7 021 -- 33 -- 

1988-89 35 933 33 462 -- 141 -- 

1989-90 42 118 19 859 -- 117 -- 

1990-91 30 190 10 658 -- 21 -- 

1991-92 30 190 10 861 32 82 -- 

1992-93 30 369 1 551 63 17 -- 

1993-94 30 369 34 534 63 32 -- 

1994-95 30 369 30 683 69 109 -- 

1995-96 30 369 14 041 73 101 4 May 

1996-97 30 369 19 843 79 123 28 Mar 

1997-98 32 369 7 344 63 62 27-Mar 

1998-99 32 369 950 64 14 -- 

1999-00 32 369 6 241 65 71 8-Mar 

2000-01 32 369 3 254 75 67 -- a 
2001-02 32 369 11 502 79 84 13-Apr 

2002-03 32 369 6 887 70 39 -- b 
2003-04 32 369 34 634 62 118 -- c 
2004-05 32 369 27 314 115 115 20-Apr

d 
2005-06 32 369 16 862 (as at 6 July 06) 97 → 150 110 --e 

a 
The fishery was not officially closed in 2000/01.  Industry voluntarily withdrew most vessels on 7 March 2001. 

b
 Under the Operational Plan the SQU 6T fishery was closed on 29 March 2003 when the FRML count reached 79 sea lions.  A High Court ruling in 

April 2003 allowed for continued fishing in SQU 6T and established a separate procedure for estimating sea lion mortalities resulting in the 39 
mortalities indicated.  Fishers had voluntarily withdrawn from SQU 6T as at the end of June. 
c
 Under the Operational Plan the SQU 6T fishery was closed on 22 March 2004 when the FRML count reached 62 sea lions.  A Court of Appeal 

ruling in April 2004 set aside the 2003-04 Operational Plan and allowed for continued fishing in SQU 6T providing incidental NZSL captures did not 
exceed 124.  Industry withdrew from the SQU 6T fishery before they reached the Court established mortality limit as estimated using the procedures 
set out in the 2003-04 Operational Plan. 
d  

Fishers voluntarily withdrew from the SQU 6T fishery upon reaching the 115 animal FRML on 17 April 2005. 
e  In 2005-06 the FRML was initially set at 97 animals, and the Minister chose to increase this mid-season to 150, on the basis of there being a squid 

utilisation opportunity.  Fishing had practically ceased by early May 2006.   
f   The method of determining the estimated mortalities of sea lions, varies over the history of the fishery.  In early years determination of sea lion 

mortality was based on observer data, whereas the use of SLEDs6 in recent years results in few sea lion mortalities being observed.  Thus recent 
‘estimated mortalities’ are based on a pre-determined strike rate based on a seven year average of observer data.   
 

New Zealand sea lion 

24 The NZSL is New Zealand’s only endemic pinniped, primarily occurring in New Zealand’s 
Sub-Antarctic zone, with small numbers present along the southern parts of the South Island.  The 
majority of the breeding population of this species occurs on two small breeding sites (rookeries) at 
Dundas and Enderby Islands in the Auckland Islands.  The Auckland Islands are a World Heritage 
area, due in part to the presence of breeding colonies of the NZSL.  A small breeding population 
also exists on Campbell Island (see Figure 1).  There are no established rookeries on the New 
Zealand mainland (the NZSL breeding on the Otago coast are too few in number to classify as an 
established rookery).  Remains of sea lions found in the North, South and Chatham Islands suggest 
this species was once more widespread.   

                                                 
6 A sea lion exclusion device or SLED consists of a metal grid inside the trawl net that allows squid to pass through into 
the net cod-end while directing a sea lion and other large bycatch species (such as sharks, rays, etc) out through an 
escape hatch at the top of the net. 
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25 The NZSL is classified under s 2(3) of the Marine Mammals Protection Act 1978 as a 
“threatened species” on the basis that there are a limited number of breeding colonies (fewer than 
five).  Under this classification, this species is considered not immediately threatened with 
extinction, but is potentially vulnerable to population decline.  Separately, the NZSL has also been 
listed as “vulnerable” by the International Union for the Conservation of Nature and Natural 
Resources (IUCN).  Under the IUCN interpretation, a species listed as vulnerable is considered to 
be facing a “high risk of extinction in the wild”.   

26 The foraging range of female NZSL that inhabit the Auckland Islands can extend over 100 
km7.  A recent study has shown that female NZSL are the deepest and longest diving otariids (eared 
seals) foraging further from their breeding rookeries than any other sea lion8.  The Auckland 
Islands foraging grounds represent the southerly limit of the NZSL range, and there are indications 
that this is a marginal habitat for the NZSL and close to their physiological limits.  To mitigate the 
risk of fishing-related mortality on the NZSL population, the Government imposed a 12 nautical 
mile fishing exclusion zone around the Auckland Islands in 1986 to protect major breeding areas of 
the sea lion.  In 1994, the Auckland Islands Marine Mammal Sanctuary was established within this 
same area with the same controls on fishing.  This area became part of the Auckland Islands - Motu 
Maha Marine Reserve in January 2004.  Sea lions are taken as fishing bycatch outside of the 12 
nautical mile exclusion zone.   

27 Outside the 12 nautical mile exclusion zone, there are many active commercial fisheries for 
various species, including arrow squid.  The SQU 6T fishery is believed to account for most sea 
lion bycatch; estimated mortalities by season are shown in Table 1.  In addition to SQU 6T, sea 
lions are known to be occasionally taken as bycatch in the SQU 1T, hoki, scampi, jack mackerel, 
orange roughy and southern blue whiting fisheries.  The number of sea lions killed in these other 
fisheries cannot be reliably estimated due to the low level of observer coverage.  The Breen and 
Kim sea lion population model does not take into account additional sea lion mortality in other 
fisheries.  The proposed SQU 6T Operational Plan does not provide a mechanism to manage 
interactions between sea lions and other fisheries.  The Operational Plan is designed to manage the 
sea lion interactions in the squid trawl fishery around the Auckland Islands.    

Department of Conservation sea lion pup numbers and population projections 

28 The Department of Conservation (DoC) estimates pup production at the Auckland Island 
rookeries each summer.  Pup production is defined as all pups born at breeding areas in the 
Auckland Islands.  Pup production is determined by mark recapture estimates of live pups at 
breeding areas on the same day of the year each season, which coincides with the end of the 
pupping season.  All known dead pups also are recorded and taken into account when calculating 
pup production.   

29 The 2005-06 total pup production estimate is 2 474 animals (including the 2003 estimate of 
385 pups from Campbell Island) and the 2005-06 Auckland Islands total pup production estimate 
(without the Campbell Island estimated pups) is 2 089 animals9.  There also has been a marked 

                                                 
7 Chilvers.B.L., Wilkinson.I.S., Duignan.P.J., Gemmell.N.J. (2005). Summer foraging areas for lactating New Zealand 
sea lions, Phocarctos hookeri. Marine Ecology Progress Series 304, 145-157. 
8 Chilvers.B.L., Wilkinson.I.S., Duignan.P.J., Gemmell.N.J. (2006). Diving to extremes: are New Zealand sea lions 
(Phocarctos hookeri) pushing their limits in a marginal habitat?. Journal of Zoology 269 (2006) 233-240. Zoological 
Society London. 
9 Chilvers, L. 2006.  NZ sea lion research trip, Auckland Islands, November 28th 2005 to February 20th 2006.  
Unpublished report, NZ Department of Conservation, May 2006.  21 pp. 
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decline in pup production numbers at the Figure of Eight Island population (one of the Auckland 
Island breeding colonies), from around 144 in 1995-96 to 62 in 2005-06, a decline of 57%. 

30 DoC considers the decrease in pup production at the Auckland Islands of approximately 
30% since 1998 (Table 2, column 2) to be linked with a corresponding low count of females 
present in the breeding areas10.  Three unusual mortality events occurred in the Auckland Islands 
between 1992-93 and 2004-05, whereby higher than usual numbers of adults and pups died.  In 
February 1998 a significant mass mortality event occurred whereby 74 adults and >50% of the 
1997-98 season’s pups died10.  The females of this cohort were therefore under-represented in the 
breeding female population in 2003-04 and 2004-05 as they reached reproductive age.  High pup 
mortality rates also occurred in 2001-02 and 2002-03.  The decline in pup production suggests a 
drop in mature females or a decrease in pupping rate.  Whether this is a foreseeable response to 
disease or other contributing factors11, is open to question and has not been demonstrated (Table 2).   

31 DoC has cautioned that continued population decline could lead to the addition of another 
qualifier for NZ sea lions to be listed as a threatened species, not only on the basis of being range 
restricted but also on the basis of exhibiting slow / gradual decline1.   

Methods to estimate NZSL total population size 

32 While the following paragraphs discuss areas of concern with estimating sea lion population 
numbers based on annual pup counts, it is important to note that the Breen and Kim model used to 
assess the various harvest control rules in 2003 (and discussed in detail in Appendix 1) does not 
rely on projected sea lion population size.  Rather, it is based on pup production estimates for the 
Auckland Islands sea lion population and excludes the Campbell Island population for which there 
is limited available information.   

Table 2: By season, the Auckland Islands pup birth estimates (Chilvers 2006), the annual percentage 
change, and total sea lion numbers estimated from the pup births using the multipliers in Breen and 
Kim (Appendix 2).  Columns show the median estimate, the 5th and 95th percentiles, and the 20th 
percentile. 

Auckland Islands population size estimates using Breen and Kim 
(2006a,b) model (excluding Campbell Island population) 

Season Pup births %change Median 5% 95% 20% 

94/95 2518 5.40% 14805 13613 16071 14197 

95/96 2685 6.63% 15787 14516 17137 15138 

96/97 2975 10.80% 17492 16083 18988 16773 

97/98 3021 1.55% 17762 16332 19282 17032 

98/99 2867 -5.10% 16857 15500 18299 16164 

99/00 2856 -0.38% 16792 15440 18229 16102 

00/01 2859 0.11% 16810 15456 18248 16119 

01/02 2282 -20.18% 13417 12337 14565 12866 

02/03 2518 10.34% 14805 13613 16071 14197 

03/04 2515 -0.12% 14787 13597 16052 14180 

04/05 2148 -14.59% 12629 11613 13710 12110 

05/06 2089 -2.75% 12282 11294 13333 11778 

                                                 
10 Unusual mortality of New Zealand sea lion, Phocarctos hookeri, Auckland Islands, January–February 1998: report of 
a workshop held 8-9 June 1998, Wellington, and a contingency plan for future events. Compiled by Alan Baker. 
Department of Conservation Wellington NZ, 1999. 
11 Chilvers pers comm. Decline in pup numbers appears greater than can be attributed to disease events alone.  
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33 In the past the Gales and Fletcher model12 was used to calculate estimates of the total sea 
lion population size at the Auckland Islands from the annual pup counts.  However the best 
available information is that the Gales and Fletcher model underestimates the NZSL population and 
these estimates can be more accurately obtained using calculations supplied by Breen and Kim and 
included as Appendix 2.  The 2005-06 median estimate of sea lions at the Auckland Islands based 
on Breen and Kim is 12 282 sea lions (Table 2).   

Interim management objective for the New Zealand sea lion population 

34 Over the past decade, annual operational plans have been implemented to mitigate the 
effects of SQU 6T fishing on the NZSL population.  These plans have focused primarily on the use 
of a fishing related mortality limit (FRML) to constrain the total number of sea lion captures within 
a particular fishing year to a biologically acceptable level.  The basic objective of the plans is to 
allow the SQU 6T fishery to continue to operate until the FRML is reached.  At this point, the SQU 
6T fishery may be closed even if the TACC has not been fully taken.   

35 When setting a FRML under s 15(2) of the Act, it is appropriate for the Minister of 
Fisheries to consider the broader legislative provisions dealing with fishing-related mortality of 
protected species.  This includes the criterion for establishing a Maximum Allowable Limit of 
Fishing Related Mortality (MALFiRM) under a population management plan (PMP) pursuant to 
the Marine Mammals Protection Act 1978.  In determining a MALFiRM for a species that is 
gazetted as “threatened” under a PMP (such as the NZSL), the following criterion is prescribed in 
the Marine Mammals Protection Act 1978: 

"In the case of any threatened species, the level of fishing-related mortality 
should allow the species to achieve non-threatened status as soon as reasonably 
practicable, and in any event within a period not exceeding 20 years." 

36 A PMP is currently being developed by DoC but it is unclear when such a plan will be 
implemented.  Until a PMP is in place, MFish will continue to manage interactions between 
trawlers and sea lions in SQU 6T under Operational Plans.  In the absence of a PMP the Minister of 
Fisheries may take other measures he/she considers necessary to further avoid, remedy or mitigate 
the impacts of fishing on the relevant protected species under s 15(2)(b) of the Fisheries Act 1996.   

37 Prior to the 2003-04 season, the management objective adopted in operational plans for the 
SQU 6T fishery focused on constraining fishing-related sea lion mortalities to a level that retained 
the existing number of breeding locations, and allowed population size to increase with the aim of 
moving the species towards a ‘non-threatened’ status within a 20 year time-frame by increasing the 
number of breeding sites to five.  In practice, MFish has no direct ability to bring about an increase 
in the number of sea lion breeding locations through management of the SQU 6T fishery.  As such, 
MFish sought more explicit objectives in 2003 for managing SQU 6T sea lion interactions in the 
2003-04 Operational Plan. 

38 A Technical Working Group (TWG) comprised of MFish, DoC, squid fishing industry 
representatives, NIWA, independent scientists and environmental groups was established in early 
2003 within MFish’s AEWG to examine research findings and scientific matters relating to bycatch 
of the NZSL. 

                                                 
12 Gales, N.J., and Fletcher, D.J. (1996). Abundance, distribution and status of the New Zealand sea lion, Phocarctos 
hookeri. Draft Document Dated 7 October 1996. Department of Conservation, P.O. Box 10-420, Wellington, New 
Zealand, pp 38. 
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39 In 2003, the TWG adopted the following interim management objective for the NZSL to 
examine statistical models to assess the efficacy of several alternative management strategies: 

For 100- and 20-year runs respectively, to have bycatch managed to produce a 90% 
likelihood, for each year, of either the population being at or above 90% carrying 
capacity (K) or the population being at or above 90% of where it would have been in 
the absence of fishing. 

40 This interim management objective (also referred to as the sustainability criteria) is intended 
to ensure that fishing-related mortality does not (with a 90% likelihood), in itself, prevent the sea 
lion population size from remaining within 90% of K or increasing to 90% or greater of K if they 
are depleted.  A third criterion was that the mean of mature numbers as a percentage of K should be 
at least 90% over the second 50 years of the 100-year runs. 

41 The objective provides a criterion for evaluating alternative management strategies affecting 
sea lions, including setting of FRMLs at varying levels.  In the development of Operational Plans 
since 2003-04, a number of strategies have been examined with respect to this interim management 
objective, and are discussed in subsequent sections of this IPP. 

Legal framework 

42 The purpose statement of the Fisheries Act 1996 (the Act) describes its overriding objective 
of providing for the utilisation of fisheries resources while ensuring sustainability.   

43 The Act defines “ensuring sustainability” as to “maintain the potential of fisheries 
resources to meet the reasonably foreseeable needs of future generations; and “avoiding, 
remedying, or mitigating any adverse effects of fishing on the aquatic environment”.  “Utilisation” 
of fisheries resources is defined as “conserving, using, enhancing, and developing fisheries 
resources to enable people to provide for their social, economic, and cultural wellbeing” (s 8).  
There is an obligation to provide for the use of fisheries resources, within the parameters of 
sustainability.  In the context of a harvestable species, this requires utilisation to occur at a level 
that enables most fishstocks to be managed at, or towards, a level that will produce the maximum 
sustainable yield (BMSY).   

44 It is, however, inappropriate to consider the incidental capture of a threatened or protected 
species in the same way that one considers harvesting a fishstock.  “Optimum usage [of the squid 
fishery] does not equate to maximum usage.”  (Squid Fishery Management Company Ltd v Minister 
of Fisheries13).  The Minister is required to apply sustainability considerations relating to the sea 
lion population, to the SQU 6T fishery, particularly given that sea lions are a threatened species.  
The mechanism for doing so is s 15 of the Act.  Consistent with the purpose and principles of the 
Act, s 15 provides the means for the Minister to fulfil his/her obligations with respect to managing 
the effect of fishing-related mortality on marine mammals or other wildlife.   

45 Section 15 of the Act sets out the Minister’s role in managing the effects of fishing on 
marine mammals or other wildlife depending on whether or not a PMP exists.   

46 There is no PMP for the NZSL at present.  DoC is currently developing a draft PMP.  
Section 15(2) provides alternative mechanisms to manage the effects of fishing-related mortality on 
the NZSL, stating that “[i]n the absence of a [PMP], the Minister may, after consultation with the 

                                                 
13 Squid Fishery Management Company Ltd. v Minister of Fisheries; Court of Appeal 2004 (CA39/04), paragraph 77. 
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Minister of Conservation, take such measures as he/she considers necessary to avoid, remedy or 
mitigate the effect of fishing-related mortality on any protected species, and such measures may 
include setting a limit on fishing related mortality”.   

47 The Court of Appeal has accepted that s 15(2) of the Act requires the Minister to form a 
view as to the extent to which (or perhaps the point at which) utilisation of the squid resource 
threatens the sustainability of the sea lion population.  This is implied in the wording “considers 
necessary” in terms of avoiding, remedying or mitigating adverse effects on a protected species.  
(Squid Fishery Management Company Ltd v Minister of Fisheries14).   

48 Because of the absence of a PMP, MFish has in the past developed options for the Minister 
of Fisheries to implement a FRML-based approach to manage the effects of the SQU 6T fishery on 
the NZSL population under s 15(2) of the Act.  MFish proposes to adopt this approach again for the 
2006-07 fishing year. 

49 To give effect to any established limit on fishing-related mortality (ie, FRML), s 15(5) 
allows the Minister, by notice in the Gazette, to prohibit all or any fishing, or fishing methods in an 
area to ensure the limit is not exceeded. 

50 The Minister may also recommend the making of regulations as he/she considers necessary 
or expedient for the purpose of implementing measures taken under s 15(1) or s 15(2).15 

51 Before doing anything under s 15 the Minister is required to consult with such persons or 
organisations as the Minister considers are representative of those having an interest in the stock or 
the effects of fishing on the aquatic environment in the area concerned, including Maori, 
environmental, commercial and recreational interests (s 12) 

52 The Minister is further required to provide for the input and participation of tangata whenua 
having a non-commercial interest in the stock concerned; or an interest in the effects of fishing on 
the aquatic environment in the area concerned and have particular regard to kaitiakitanga. 

53 The Act sets no quantifiable criteria for considering sustainability as it relates to a 
threatened or protected species.  However, s 9 establishes that the Minister is required to take into 
account the principle that associated or dependent species should be maintained above a level that 
ensures their long-term viability.   

54 The Minister must take into account information principles set out in s 10 of the Act when 
considering the utilisation of fisheries resources or ensuring sustainability.  The Minister is 
“required to take into account the principle that decisions “should be based on the best available 
information” but with the appropriate allowances for uncertainty and caution where information is 
uncertain, unreliable or inadequate.”  Furthermore, a cautionary approach when balancing the risks 
associated with utilisation of the fishery and the sustainability of the sea lion population, is open to 
the Minister.  (Squid Fishery Management Co Ltd v Minister of Fisheries). 

                                                 
14 Squid Fishery Management Company Ltd. v Minister of Fisheries; Court of Appeal 2004 (CA39/04), paragraph 79 
15 Section 15(4) also allows the Minister to put in place regulations for the purpose of collecting information under s 

15(3).  Section 15(3) empowers the Minister to require, or authorise the Chief Executive to require any person to 
provide information relating to fishing related mortality, as considered necessary by the Minister or Chief Executive as 
the case may be.   
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55 There is uncertainty associated with the model used in 2003 to assess the sustainability 

of the harvest control rules (producing FRMLs for a given season).  The information relied 

upon when presenting the options contained in this paper is the best available information at 

this time.  The information principles under s 10 of the Act state that the Minister should take 

a cautious approach when information is uncertain, unreliable, or inadequate. 

2006-07 SQU 6T SEA LION OPERATIONAL PLAN PROPOSAL 

Summary of proposal 

56 MFish proposes to implement a new Operational Plan for the 2006-07 SQU 6T fishery to 
constrain the total number of sea lion mortalities against a predetermined FRML.  This proposed 
Plan will effectively adopt the same procedure for establishing and monitoring the FRML as in the 
past season.  The proposed Operation Plan consists of the following main components: 

a) An FRML within the range of 55 to 218 sea lions based on harvest control rules 
between Rules 310 and 340, including the adaptive Rule 4 (FRML of 77), these rules 
were assessed in 2003 with the Breen and Kim model; 

b) A predetermined strike rate of either 5.3% or 5.8% to estimate and monitor total sea 
lion mortalities against the FRML; 

c) A discount strike rate of 20% to be applied to specific vessels that are deemed to be 
fishing in accordance with the 2006-07 Operational Plan.   

d) Monitoring and reporting requirements to support the FRML; and 

e) Closure procedures that may be put in place in the event the FRML is reached. 

Calculation of a fishing-related mortality limit (FRML) for 2006-07 

57 Prior to the 2003-04 SQU 6T fishing season, FRMLs were calculated using a formula 
developed by Wade (1998)16 named the NZPBR rule.  Subsequent FRMLs for the 2003-04, 2004-
05, as well as the FRML originally adopted in the 2005-06 season (later increased) were derived 
using harvest control rules that had been assessed with the Breen and Kim (2006) sea lion 
population model in 2003.  MFish proposes to continue the current approach for the 2006-07 
fishing season.  Appendix 4 provides an overview of the 2005-06 SQU 6T sea lion Operational 
Plan and in-season decisions to increase the FRML.   

58 The Breen and Kim model uses a fully-age-structured Bayesian approach to assess the 
NZSL population.  The model takes into account the full range of biological and fisheries data that 
were made available by DoC in March 2003, including variable pupping rates, vulnerability at age 
information from by-caught animals, and pup mortality data.  The model uses pup production 
estimates as an index of population size, as direct estimation of numbers of adult sea lions is 
hampered by their periodic foraging trips at sea. 

                                                 
16 Wade, P. (1998).  Calculating limits to the allowable human caused mortality of cetaceans and pinnipeds.  Marine 
Mammal Science 14: 1-37. 
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59 The Breen and Kim model was used in 2003 and 2004 to assess a range of 12 different 
management strategies (harvest control rules) against the interim management objective.  These 
rules are detailed in Appendix 1 and include: 

a) Rule 0 – ‘no fishing’; 

b) Rule 1 – ‘unconstrained fishing’ at historical annual average fishing effort of 2 871 
tows between 1988 and 2003; 

c) Rule 3 variants - eight variants of the 2002-03 FRML were tested: 

i) 310, is an analogue of the NZPBR Rule (colloquially known as the Wade 
Rule); 

ii) 305, being half the exploitation rate of 310; and 

iii) 320, 330, 340, 350, 380, and 390, being 2, 3, 4, 5, 8 and 9, times the 
respective exploitation rate of Rule 31017; 

d) Rule 4 – an adaptive rule in the sense that the permitted maximum exploitation rate, 
embodied in the bycatch limit, increases as the pup production increases and 
decreases as pup production decreases; whereas in the Wade family of rules the 
permitted maximum exploitation rate is constant.  Thus Rule 4 is more responsive to 
changes in pup production than the Rule 3 family. 

60 In addition to the above harvest control rules, in 2004 MFish contracted NIWA to calculate 
the FRML corresponding to a further harvest control rule that would just meet the formal 
assessment criteria associated with the interim management objective.  Known as the ‘Cusp Rule’, 
this rule was essentially a variant of the Rule 3 family.  NIWA developed the Cusp Rule by 
experimenting with larger multiples of Rule 310, running a complete set of simulations for each 
one until finding the rule that was very close to failing one of the three assessment criteria.  
Determining the FRML associated with this variant is necessary to show the full range of FRMLs 
given the sea lion management objective for SQU 6T fishery.   

61 Table 3 shows that there are large differences in terms of the maximum allowable bycatch, 
seasons closed and estimated lost tows.  Rule 1 (unconstrained fishing, at 2003 levels of effort) just 
fails the criteria specified in the management objective, and is included in Table 3 and subsequent 
discussions for purposes of comparison.  The indicators in Table 3 are averages over 100 years and 
5000 model runs for each rule; the distributions of possible realised values for the next fishing year 
are very broad.  In any one year (and certainty under rule 4 in recent years) there may be much 
greater lost fishing effort (compared to annual average fishing effort of 2 871 tows between 1988 
and 2003) than is shown in Table 3.  For example, Table 3 indicates lost effort of 350 tows under 
Rule 4, however, in 2006-07 Rule 4 allows 1 816 tows which represents lost effort of 1 055 tows or 
36% compared to historical fishing effort.   

                                                 
17 The 2003 modelling work of Breen & Kim (2006a, b) explored simple variants of the NZPBR rule.  In this work, the NZPBR rule 
was simplified so that it could be evaluated within the model without reference to the Gales and Fletcher model.  In the modelling 
work, this rule was named Rule 310, where “3” denoted this rule family and “10” denoted 1.0 times this interpretation the NZPBR 
rule.   Other variants were explored by Breen & Kim (2006a)3: for instance, Rule 305, which gave exactly half the bycatch limit 
(exploitation rate) of Rule 310, and Rule 320, which gave twice the bycatch limit (exploitation rate) of Rule 310.   Further variants, 
with higher bycatch / exploitation rates were explored with up to 11 times the exploitation rate of Rule 310.   
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Table 3 - Rule performance against key indicators, from the base case projections from Breen and 
Kim, 2003 

Harvest 
control rule 

Crit20 a Crit100 b Nmat/K c Lost fishing effort d 

(tows) 
Seasons f 

closed 
Max bycatch g 
(100yr runs) 

Mean annual h 

bycatch 
0 na na 98.2% 2 910    100% 0 0 
305 100 000 500 000 96.4% 1 614     77% 39 31 
310 (Wade) 100 000 499 052 95.0% 904       52% 77 53 
Rule 4 99 997 489 846 93.5% 350       24% 169 75 
320 99 989 487 109 93.4% 328       23% 151 76 
330 99 810 473 902 92.6% 138       11.1% 222 87 
340 99 409 464 642 92.2% 64         5.7% 290 92 
350  99 006 458 702 92.0% 31         3.2% 355 95 
380 e 98 264 451 181 91.8% 0 0.7% 516 98 
390 98 131 450 181 91.8% 0 0.5% 540 98 
Cusp (392) 98 115 450 003 91.8% 0 0.4% 542 98 
1 97 781 447 570 91.7% 0 0.0% 545 99 

a Crit20: Whether the number of mature animals in the population in a specific year are either above 90% of K or 
above 90% of the numbers that would have occurred with no fishing, evaluated over the first 20 years of each run 
only with a pass level for this index of 90 000 out of 100 000 projection-run years. 

b Crit100: Whether the number of mature animals in the population in a specific year are either above 90% of K or 
above 90% of the numbers that would have occurred with no fishing, evaluated for each of the half million years in a 
set of runs, and that it should be true for least 90% of years, ie 450 000 out of 500 000 projection-run years. 

c Nmat/K: the median of the numbers in the final year of each run expressed as a percentage of K - pass level for this 
index is 90% of K. 

d Lost fishing effort: the median (of the 5 000 runs) of the mean tows lost through the operation of the harvest control 

rule during the run (as a measure of cost to the fishing industry), this is based on average annual fishing effort (2 871 
tows) conducted during the years 1988-2003.  It is not possible to determine percentage of tows lost at this stage, 
unless the model is run again with further indicators included.   

e
 Performance of rules 360 and 370 do not appear explicitly in the 2003 Breen and Kim results. 

f Seasons closed: the median % of seasons closed early through the operation of the harvest control rule during the run. 
g
 Max bycatch (100 yr runs):

 
the median of maximum annual bycatch in each run. 

h
 Mean annual bycatch: the median of mean annual bycatch in each run. 

 

Criteria used 

62 The Aquatic Environment Working Group developed a series of criteria to assess whether 
or not the various harvest control rules satisfied the intent of the interim management objective 
(ie, For 100- and 20-year runs respectively, to have bycatch managed to produce a 90% likelihood, 
for each year, of either the population being at or above 90% carrying capacity (K) or the 
population being at or above 90% of where it would have been in the absence of fishing). 

63 Criteria used in the modelling to assess whether or not a rule had achieved the management 
objective over a large number of model runs, included:  

a) Provide for an increase in the sea lion population to more than 90% of carrying 
capacity (K), or to within 10% of the proportion of K that would have been attained 
in the absence of fishing; 

b) Attain the levels in (a), with 90% certainty, over 20-year and 100-year projection 
periods (crit20 and crit100, respectively); 

c) Attain a mean number of mature animals that exceeded 90%K (crit Nmat/K)%, in the 
second 50 years of 100-year projection runs (to allow for build-up of numbers in 
depleted, hypothetical populations over time). 
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64 Aside from these three primary criteria, evaluation of the harvest control rules was made 
using a larger suite of performance indicators.  Also elaborated here are: the median of mean annual 
bycatch in each model run, and the median of maximum annual bycatch during 100 year projection 
runs, population level at the end of 100 year runs as a proportion of K (Nmat/K), and the percentage 
of fishing seasons closed as an index of cost to the fishery.  The lowest number of animals as a 
proportion of K (nadir/K), attained during the projection runs was examined, but showed very little 
difference between harvest control rules (79-83%), hence is not discussed further. 

Results 

65 All harvest control rules tested passed the crit20 and Nmat/K criteria, while only Rule 1 
(unconstrained fishing) marginally failed the crit100 criteria.  Table 3 also shows the evaluations of 
the range of individual harvest control rules, for each of seven key performance indicators 
(including the three formal assessment criteria).  Crit20 and crit100 show the sum of years in 
projection runs when the criterion was met.  Nmat/K is presented here as the mean of the 
distribution for the parameter.  Lost fishing effort is an indicator of lost fishing effort; not lost 
revenue.  The other indicators are the median of the distribution for each index. 

66 Rule 0 - (no fishing) results in a population at 98% of K on average, but with maximum lost 
fishing effort (100%) and no sea lion bycatch, by definition. 

67 Rule 1 – (unconstrained fishing – compared to historical mean fishing effort between 1988 
and 2003).  This rule failed the Crit100 index by 0.468%, but successfully passed the other two 
criteria.  Mean and maximum bycatch exceeded those for other rules considerably (excluding the 
Cusp Rule).  Despite this higher bycatch, the population under this rule attains >91%K on average 
during 100 year projection runs.  This rule showed the lowest level of lost fishing (0% closure and 
seasons closed, by definition). 

68 Rule 305 – (approximating half the exploitation rate of the 2002-03 FRML).  This rule 
passed all the criteria for an acceptable management strategy.  The proportion of K attained was 
96.4%.  Although mean annual and maximum bycatch was relatively low, the restrictions on 
fishing effort were high, at 77% of seasons prematurely closed and a rough approximate of 56% 
lost fishing effort18. 

69 Rule 310 – (approximating the exploitation rate of the 2002-03 FRML).  This rule passed 
all the criteria for an acceptable management strategy.  The proportion of K attained was 95% but 
lost fishing effort was still relatively high at 52% of seasons prematurely closed and approximately 
32% lost fishing effort. 

70 Rule 320 – (approximating twice the exploitation rate of the 2002-03 FRML).  This rule 
passed the three acceptance criteria.  The proportion of K attained was 93% on average with a 
maximum and mean average annual bycatch of 151 and 76 animals, respectively.  Lost effort is less 
than half that of rule 310 with approximately 11.4% foregone tows and 23% of seasons prematurely 
closed. 

                                                 
18 The actual performance indicators estimated in the 2003 Breen and Kim model (Table 3) are number of tows lost, 
rather than percentages of tows. The estimated percentages of tows based on the 2003 model should therefore be 
regarded as rough approximations when interpreted as projections of performance in 2006-07. No information is 
currently available that would enable the average percentage of tows lost to be estimated. This would require additional 
model runs with additional indicators. This applies to interpretation of lost effort (tows) across all rules as described. 
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71 Rule 4 – (adaptive rule).  This rule passed the sustainability criteria.  The proportion of K 
attained was 93.5% on average with a maximum and mean average annual bycatch of 169 and 75 
animals, respectively.  Lost effort is approximately 12% of tows and 24% of seasons closed.  Rule 
4 was an arbitrary rule developed during the 2003 modeling.  In addition to the recent pup counts, it 
considers the mean pup of counts from 1999 through 2003, and compares the recent level with this 
earlier level.  When the ratio is one, the FRML is the same as that produced by Rule 320; when the 
ratio is less than one, the FRML is smaller than that produced by Rule 320; when the ratio exceeds 
one, the FRML is greater than that produced by Rule 320.  This rule is sometimes called “adaptive” 
in that the FRML is a varying fraction of the population size, increasing as the population increases, 
and decreasing as population decreases. 

72 Rules 330 to 390 – (approximating three to nine times the exploitation rate of the 2002-03 
FRML).  Each of these rules passed the three acceptance criteria.  This spectrum of series 3 rules 
allows the population to attain a range of 92.6% to 91.8% K on average.  The mean expected annual 
bycatch across all seven of these rules undergoes a relatively small increase from 87 to 98 sea lions, 
however the maximum average annual bycatch (in a 100-year run of the model) increases from 222 
to 542 as the exploitation rate increases from 3 to 9 times that of Rule 310.  Utilisation benefits 
generally increase with successive increases up through Rule 350 in terms of estimated increase in 
available tows (Table 3).  However, the magnitude of these increases (number of tows gained) 
diminishes as the FRML becomes larger, and there appear to be very little utilisation gains beyond 
about rule 340.   

73 Cusp Rule.  By definition, the Cusp Rule maximizes sea lion bycatch to the extent the 
formal assessment criteria associated with the interim management objective is almost violated, 
therefore this rule passed the evaluation.  The proportion of K attained was 91.8% on average.  A 
mean maximum and mean annual bycatch of 542 and 98 animals respectively.  Lost fishing effort is 
slight as only 0.4% of seasons are closed.  Only the Crit100 criteria is close to being violated. 

74 The FRMLs associated with Rule 4 and the Rule 3 variants are prone to misinterpretation by 
some stakeholders as representing the likely number of sea lions that will be killed in any given 
year.  While the right hand column of Table 3 is labelled as the mean bycatch indicator, it is 
difficult to project the likely sea lion bycatch for 2006-07, as in any specific year the vulnerable 
population, effort and interaction rate all vary, so the possible bycatch for any given year has a very 
wide range.  The indicator value in Table 3 will be the expected value for bycatch in a given year 
only if the vulnerable population is known to be near the long term average of model runs.   

75 In regard to the higher Rule 3 variant rules that produce high FRMLs, the mean annual 
bycatch is much less than the FRML.  The Cusp rule FRML (504 animals for 2006-07) should not 
be represented as expected bycatch as it is projected to be reached in less than one year in 100.  The 
mean annual bycatch under the Cusp rule is 98 sea lions over 100 year runs (Table 3).    

76 A related and more serious error is to interpret the FRMLs under Rule 4 and the Rule 3 
variants as representing the number of sea lions that could be sustainably taken as bycatch on a 
continuing basis.  The FRML for one year admits no such interpretation, as the applicable FRML 
produced under a rule will change for year to year as pup production changes, the mean annual 
bycatch any one year is generally much less than the FRML (Table 3), and because the abundance 
of squid will prevent the limit being reached some years (especially at higher FRMLs). 

77 Eleven of the twelve harvest control rules examined satisfied the interim management 
objective; only Rule 1 (unconstrained fishing) failed to satisfy the specified criteria.  The modelling 
exercise essentially showed a continuum of possible harvest control rules the Minister could apply 
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in the proposed Operational Plan that need to be considered in light of the Cusp Rule, the 
sustainability objective, squid utilisation opportunities, and information uncertainty.   

Breen and Kim model status 

78 The Aquatic Environment Working Group (AEWG)19 accepted the Breen and Kim model in 
June 2003 as the best available information for investigating management of the interactions 
between the NZSL population on the Auckland Islands and the SQU 6T Fishery.  The model, 
discussed in Appendix 1, was reviewed by Dr Daniel Goodman, an independent population 
biologist and modeller, in 200320.  The reviewer’s comments were that the model was of ‘high 
scientific quality’ and did not suggest serious errors in the Breen and Kim approach.  However, 
Goodman indicated grounds for caution when adopting the model.   

79 The Breen and Kim model was developed based on sea lion population data made available 
by DoC in March 2003.  More recent information has posed some questions regarding certain 
assumptions and parameters used in the original model.  At its 1 September 2006 meeting, the 
AEWG discussed areas of uncertainty in the Breen and Kim model parameters and assumptions 
and concluded that while the model remains the best available information for use in the proposed 
2006-07 Operational Plan, a higher level of caution is required in selecting a harvest control rule for 
the 2006-07 fishing year than in previous years.  Areas of uncertainty raised at the 1 September 
2006 AEWG meeting, include:  

a) The need to incorporate additional data that have become available since 2003 and to 
revise the model structure to better reflect our current understanding of sea lion 
population dynamics.  Uncertainty arises because the new data, and some old data 
that were not made available in 2003 (ie, female fecundity, female survival, pup 
production or early), raise questions about model structure and modelling choices.   

b) The 2006 pup production is lower than nearly all medians of minimum pup 
indicators from the 2003 modeling results, suggesting that assumptions made about 
pup production in the model projections did not allow sufficient variability.  The 
likely effect is that the current model cannot properly reproduce the declines in pup 
production seen recently. 

c) The low 2005 and 2006 pup production estimates suggest a decline in the 
population; depending on the nature of this decline and the variability of K, the 
conclusion based on the 2003 model that the population is near K is now less certain.   

d) The available data and model do not allow a good estimate of density-dependence 
for this population.  The current model assumes that density-dependence is 
expressed in pup production, whereas it is possible that there is also density-
dependence in survival rates.  The model would have to be restructured to assess 
this. 

e) New data on late-season pup mortality, not available in 2003, suggests that pup 
mortality is more variable than that captured in the 2003 modeling work based only 
on early-season mortality.  More variability should be allowed, the likely effect of 
which would be an increase in the rate of failure for the 100-year criterion.  This 

                                                 
19 The Aquatic Environment Working Group is convened and Chaired by the Ministry of Fisheries and comprises 
MFish, DoC, industry and environment representatives. 
20 Copies of the Goodman review are available on request from the Ministry of Fisheries. 
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would reduce the number of rules meeting the sustainability criteria, and the Cusp 
would become some lower-numbered rule.   No more precision can be provided 
without further work, however it is very likely that Rules above 370 would be at risk 
of failing the sustainability criteria. 

f) The model assumes homogeneous dynamics and bycatch rates across all four 
rookeries; there are no data available on spatial details apart from the rookery-
specific pup counts.  The effect of bycatch may be greater or less than the model 
predicts for a specific rookery, depending on spatial dynamics. 

g) Some uncertainty is created by “implementation error” that was not modeled: the 
exact number of sea lions caught each year is not known, and may be higher or 
lower than the FRML when the fishery is closed. 

h) Additional sea lion mortality in other fisheries and in SQU 1T was not modeled. 

i) Breen & Kim acknowledged that their decision to link the survival rate of adults to 
maturity was flawed and that future models should approach adult mortality 
differently. 

j) Squid effort and sea lion catch data may have been imperfect for the periods to 
which the model was fitted. 

k) The model assumes that average strike rate remains the same for the fitting and the 
projection phases: recent estimates of strike rate suggest a possible increase over 
time, which would cause model projections to underestimate mortality. 

l) The model’s estimate of rate of population increase (lambda or Rmax), is lower than 
expected.  This may be a result of model mis-specification, and model projections 
may be correspondingly too pessimistic. 

80 In addition to uncertainties in the model results, concerns have been raised with the specific 
wording of the sea lion interim management objective / sustainability criteria (and consistency with 
statutory obligations) against which the various harvest control rules have been assessed.   

81 Pending further evaluation by the AEWG, these areas of uncertainty are to be 
acknowledged in light of the “information principles” in s 10 of the Act.  These principles require 
decision makers to consider any uncertainty in the available information, and to be cautious when 
information is uncertain, unreliable or inadequate.  Moreover, the absence of, or any uncertainty in, 
any information should not be used as a reason for postponing or failing to take any measure to 
achieve the purpose of the Act. 

Breen and Kim model results for 2006-07 

82 In 2003 the Breen and Kim model was used to determine harvest control rules which met 
the sustainability criteria.  The range of possible FRMLs for the 2006-07 SQU 6T fishery season 
have been derived by inputting the average of the 2004-05 and 2005-06 pup production estimates 
from the Auckland Islands (Table 2, column 2) into the mathematical equations corresponding to 
each harvest control rule.  The model itself has not been updated since 2003 to incorporate more 
recent data and older data not made available in 2003.  This raises questions about model structure 
and modelling choices. 
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83 Table 4 shows the possible 2006-07 FRMLs that result from the harvest control rules 
assessed by the Breen and Kim model as meeting the interim management objective.  Potential 
FRMLs for the 2006-07 season range from 0 to 504 sea lions.  Note that there is a spectrum of finer 
divisions of Rule 3 variants not shown (i.e., rule 3.25, 3.82, etc) that also provide possible options 
the Minister could adopt for 2006-07.  The grey shaded rules indicate those which MFish considers 
best meet the Minister’s statutory obligations. 

Table 4  - Calculation of estimated FRMLs under 14 harvest rules using latest pup production 
estimates.  Equations further detailed in Appendix 1.  The grey-shaded text indicates the range of 
rules which MFish considers realistic options available to the Minister in light of statutory 
obligations in the Act.   

 

Rule 
Estimated FRML (numbers rounded) 

Rule 0 no fishing (0 sea lions) 
Rule 305 27 sea lions 
Rule 310  55 sea lions  

Rule 4 77 sea lions 
Rule 320 109 sea lions  
Rule 330 164 sea lions 
Rule 340 218 sea lions 
Rule 350 273 sea lions 
Rule 360 328 sea lions 
Rule 370 382 sea lions 
Rule 380 437 sea lions 
Rule 390 491 sea lions 

Cusp Rule 504 sea lions 
Rule 1 none; unconstrained fishing 

 

Scope of management interventions for the 2006-07 season 

84 Theoretically, to meet the interim management objective for the 2006-07 fishing season, up 
to 504 sea lions could be taken in SQU 6T based on the Cusp Rule.  This approach would meet the 
sustainability criteria and permit the most fishing (the Cusp Rule results in only 0.4% of seasons 
closed due to the FRML being reached – Table 3).  However, permitting utilisation of the squid 
fishery without threatening sustainability of the sea lion population does not mean the Minister is 
required to adopt a Cusp Rule approach.  The Court of Appeal in the Squid Fisheries case21 has 
noted that a sustainable harvest approach is not an acceptable way to manage a threatened species, 
and that: 

“Given the underlying uncertainties involved in exercises of this sort, any 
MALFiRM [FRML] chosen is likely to carry some degree of risk (perhaps 
negligible) to the population in question.  Optimum usage does not equate to 
maximum usage.  We are not aware of a simple method by which risk on the one 
hand can be balanced against utilisation advantages on the other.  A precautionary 
approach to the required balancing exercise is open to the Minister”. 

85 In the context of the current situation, the model has not been substantively updated since 
2003.  As a result there is uncertainty (see paragraph 79) over several model parameters; the 2003 
assessment of the status of the sea lion population in relation to K, and the exact impact that 

                                                 
21 Paragraph 77, CA39/04. 
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fishing-related mortality has on the population where other variables such as environmental 
stochasticity may not be modelled accurately.  Separately, there is need for caution in interpreting 
model results for a particular rule, to monitor actual sea lion mortalities against the FRML.  
Monitoring estimated mortalities relies upon assumptions about the efficacy of SLEDs and the 
estimation of strike rate of sea lions encounters.  There is substantial variability in estimates of 
SLED efficacy and strike rate.  In addition, there is a need for caution considering the downward 
trend in estimated pup production and overall population and the extent, if any, of long term 
impacts on sea lions arising from fishing activities, which is outside of model results or monitoring 
measures.   

86 Small numbers of sea lions are captured in other fisheries besides SQU 6T operating around 
the Auckland Islands including SQU 1T, scampi, southern blue whiting, hoki, mackerel, and orange 
roughy.  There is a low level of observer coverage in these other fisheries.  MFish considers this 
additional sea lion mortality outside the scope of the SQU 6T operational plan to be a cause for the 
Minister to exercise caution in determining the level of the SQU 6T FRML.   

87 Discussion from the AEWG meeting on 1 September 2006 indicated that if the model was 
updated, the Cusp would be a lower numbered rule than the current 392, and would have a 
correspondingly lower FRML.   

Proposed harvest control rules for the 2006-07 season 

88 MFish acknowledges that, while FRMLs ranging between 55 to 218 sea lions for the 2006-
07 fishing year, are considered by MFish to best meet the statutory considerations under the Act, a 
wider range of FRMLs from 0 to 504 sea lions satisfy the management objectives established for 
sea lions in the SQU 6T fishery, and the Minister has the discretion to choose an FRML within 
these limits.     

89 MFish considers that for the 2006-07 fishing year harvest control rules greater than Rule 
340 (FRML of 218) are inconsistent with the intent of s15(2) of the Act, whereby the Minister is 
required to bear in mind the purpose of the Act to avoid, remedy, or mitigate the effects of fishing 
related mortality on any protected species.  Rules greater than 340 result in relatively small 
increases in utilisation opportunity in terms of fishing opportunities gained, but allow for 
progressively greater levels of sea lion mortality as expressed in the FRML (Tables 3 and 4).  Rule 
310 projects an FRML similar to that resulting from the NZPBR Rule (Wade) that was used in the 
SQU 6T fishery prior to 2003.  MFish considers that for the 2006-07 season FRMLs lower than 55 
(resulting from Rule 310), provide for low levels of sea lion bycatch and incur very high losses to 
fishing effort, and are restrictive of the utilisation objectives in the fishery.   

90 Within the broad spectrum of FRMLs from 55 to 218, higher FRMLs provide for greater 
utilisation while being well within the range of harvest control rules which meet the interim 
management objective as assessed by the Breen and Kim model.  FRMLs at the lower end of the 
spectrum provide for greater assurance of sea lion sustainability and provide for lower levels of 
squid utilisation.   

91 Rule 4 was used to set the FRML in the 2004-05 and (initial) 2005-06 SQU 6T fishing 
seasons.  In contrast to the harvest control rules in the Rule 3 family, Rule 4 is derived with a 
fluctuating proportion of the population taken as bycatch relative to pup production estimates.  
Rule 4 is more responsive to the 'risk' posed to the sea lion population when pup production is at 
low levels, compared to the linear exploitation rates offered in the Rule 3 family.  Conversely, Rule 
4 is more responsive (ie, adaptive) to fishing opportunities when pup production is at high levels.  
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The 2006-07 FRML under Rule 4 (77 sea lions) is a reduction from the 2005-06 Rule 4 FRML 
(97), owing to the further decline in pup production reported for the 2005-06 year, and the 
responsive nature of Rule 4 to changes in pup production.   

92 MFish notes that in theory other “adaptive” rules could be modelled that retain the 
responsive characteristics of Rule 4 but are either more or less conservative.  For example, Rule 4 is 
‘derived’ from Rule 320, but could equally be ‘derived’ from any rule in the Rule 3 family.  At 
present, however, no other “adaptive” rules have been assessed against the sustainability criteria. 

93 Assessment of each harvest control rule using the Breen and Kim model assumed that a 
specific rule would be chosen and adhered to for at least five years.  The previous two IPPs have 
recommended the adoption of Rule 4 to set FRMLs.  Previous MFish advice explicitly noted that 
the Minister of Fisheries should continue to adopt this rule in coming years subject to review only 
where assumption of the modelling work underpinning the management strategy evaluation 
framework are violated, or the model itself is found to be in error.  MFish notes that while there is 
uncertainty around model parameters and projections, the model has not been determined to be in 
error and the scientific advice is that in the absence of other modelling it is reasonable to use the 
Breen and Kim model when assessing rules for setting the 2006-07 FRML.  MFish is not 
specifically recommending that Rule 4 be adopted for 2006-07, leaving the Minister discretion to 
choose an FRML in the range of 55 to 218, however the rationale to adopt Rule 4 for the 2006-07 
fishing year remains valid.   

94 MFish notes that fishing industry stakeholders have previously indicated that the FRML 
might be set at 150 sea lions22.  This limit falls within the range of possible FRMLs in 2006-07 
proposed by MFish, although it is significantly above the Rule 4 FRML in the past two seasons.  A 
FRML of 150 would allow a higher level of squid utilisation, but as a fixed limit this alternative is 
not responsive to annual changes in pup production.  Note that if a FRML of 150 was to be adopted 
each year, the equivalent harvest control rule would increase (become less cautionary) if pup 
numbers continue to decline, and thus it would not be a consistent approach over time.  Note that 
the long term expected mean bycatch from a constant FRML of 150 cannot be determined from any 
information shown in Table 3, or indeed from any information currently available.  Despite this, an 
FRML of 150 is an option within the range available to the Minister.    

Impact of a FRML on interactions with other protected species 

95 The sea lion FRML can impose an upper limit on the amount of fishing effort in the SQU 
6T fishery if the FRML is reached, subject to the underlying SQU 6T TACC (unchanged at 32 369 
tonnes since the 1997-98 season).  The fishery also interacts with seabirds.  Higher FRMLs will 
likely result in relatively higher levels of fishing effort, and possibly higher mortalities of seabirds, 
particularly white capped albatross (not listed as threatened) and white chinned petrels (which are 
listed as threatened under category 7 – range restricted).  These historical interactions are set out in 
Appendix 3, however, note that the time series of observations is very short and thus it is not 
possible to determine trends over time.  However, the strike rates (birds / tow) in Appendix 3 show 
no obvious relationship with either tows or proportion of observed tows, and it is clear that there is 
no simple linear relationship between the number of birds observed to have been killed and the 
number of tows conducted.  These historical observed strike rates cannot be used to project possible 
seabird mortality in 2006-07 under different sea lion FRMLs.   

                                                 
22 The fishing industry has not formally notified the Ministry of their preferences for any FRML limit applicable to the 
2006-07; thus, assumptions for continued industry support for this 150 animal FRML option is conjectural. 
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96 Considerable effort has been undertaken in recent years to investigate methods of reducing 
seabird mortality during trawl fishing.  MFish requires all trawl vessels over 28 meters in length to 
implement mandatory seabird mitigation measures.  In addition, industry has undertaken voluntary 
measures to manage offal discharge.  While it is currently too early to determine the effectiveness 
of these measures, it is also unclear how historical observer records of seabird interactions compare 
to current potential mortalities now that mitigation measures are in place.   

97 Historically there has also been a low level of mortality of New Zealand fur seals in the 
SQU 6T fishery.   While the New Zealand fur seal is a protected species, it is not threatened as the 
population is assessed to have a minimum of sixty thousand individuals, which in some locations is 
increasing at over 25% per year, and breeding has recommenced on the North Island23, 24, 25, 26.   

Impact of a FRML on the fishing industry  

98 The squid trawl fishery has become New Zealand’s biggest fishery in recent years, both in 
terms of volume and value of catch.   Aggregate squid export values vary significantly over time, 
ranging in recent years from $69 million in 2003 to $171 million in 2004 (FOB).  Within the 
overall squid fishery (trawl and jig), SQU 6T accounts for around 25% of the total squid TACC.  
Squid catch fluctuates markedly both between and within fishing years, and there are no reliable 
stock assessment forecasts to indicate likely squid abundance prior to a given season.  The FRML 
established in the proposed Operational Plan may limit utilisation opportunity and resulting catch 
for SQU 6T fishers, as the fishery may be closed by Gazette notice once the FRML is deemed to 
have been reached. 

99 Annual SQU 6T landings (Table 1) have varied from roughly 1 000 to over 34 000 tonnes in 
recent years.  Over the past 19 seasons, annual SQU 6T catch has averaged 15 620 tonnes per 
annum (52% of the TACC).  The TACC was reached in just three seasons (1993-94, 1994-95 and, 
2003-04), with estimated sea lion mortalities of 32 109, and 118 respectively in each of these 
seasons, indicating an uncertain relationship between attaining the TACC and sea lion bycatch.   

100 The SQU 6T season has been functionally closed early in eight years although not all were 
formal closures (Table 1).  Other than the 2003-04 season, the SQU 6T TACC has been under 
caught each year since the 1995-96 season, but the portion of this foregone catch attributable to the 
FRML limit is uncertain.  The FRML does not always pose a constraint to fishing.   

101 Foregone catch for any given year will depend on several factors including the level of the 
FRML, squid availability (squid catch / tow) in SQU 6T in that year, and the proportion of tows 
awarded the discount strike rate.  The adverse economic impact of FRML limits in terms of raw 
product (port price) value may range from nil (based on those years when the FRML was not 
reached), to potentially as high as $26 million in a year such as 1999-00, assuming the entire TACC 

                                                 
23 Taylor, R.H., Barton, KJ., Wilson. P.R., Thomas, B.W., and Karl Bj. (1995): Population status and breeding of New 
Zealand fur seals (Arctocepbalus forsteri) in Nelson - northern Marlborough region, 1991-1994. New Zealand Journal 
of Marine and Freshwater Research Vol. 29: 223-234. 

24 Dix, B. (1993). A new record this century of a breeding colony in the North Island for the New Zealand fur seal 
Arctocephalus forsteri. Journal of the Royal Society of New Zealand. 23(l): 1-4. 

25 Lalas, C. and R. Harcourt. (1995) Pulp production of the New Zealand fur seal on Otago Peninsula, New Zealand. 
Journal of the Royal Society of New Zealand 25:81-88 

26 Taylor, RH. (1982). New Zealand fur- seals at the Bounty Islands. N.Z. Journal of Marine and Freshwater Research. 
16: 1-9 
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in that season could have been caught in the absence of a closure.27 Applying FOB export product 
valuations to the same magnitude of foregone catch might conceivably increase valuations by a 
factor of 2.25, although such projections are highly conjectural.   

102 Table 5 projects the number of possible tows from the range of recommended harvest 
control rules for 2006-07, including Rule 4, and an FRML set arbitrarily at 150 animals.  If all tows 
in 2006-07 receive a 20% discount strike rate and squid abundance is at its historical average of 
6t/tow, FRMLs ranging from 55 to 218 could result in 24% to 95% of the TACC being taken.  
However, squid abundance has historically reached a maximum of 13t/tow, and if that is the case in 
2006-07, a FRML of 55 would result in 52% of the TACC being taken, and 100% of the TACC 
would be taken with a FRML of 105 sea lions.   

Table 5 – Comparison to historical mean annual tows 1988-2003 (2 871 tows), for the range of 
recommended FRMLs for the 2006-07 fishing year; max tows; lost effort (% tows) and lost export 
value ($ mill) if avg squid abundance of 6t/tow, and if max squid abundance of 13t/tow; projected 
proportion of TACC caught and fishery return based on current port price of $790/tonne (raw 
product) given historical average squid catch rate, and historical maximum squid catch rate.   

Harvest 
Control 
Rule 

FRML max tows   
(20% DSR)  

Lost effort 
a
 (lost % of tows 

compared to 2871 hist avg;   lost value $ 
mill @ 6t/tow; and lost value $ mill @ 
13t/tow) 

catch @ 6t/tow                 
(%TACC / $ mill) 

catch @ 13t/tow                 
(% TACC / $ 
mill) 

Rule 310 55 1 297 -54%; -$7.3 mill; -$15.9 mill.   24%, $6.22 mill 52%, 13.3 mill 

Rule 4 77 1 816 -37%; -$5.0 mill; -$10.8 mill. 34%, $8.6mill 72%, 18.7 mill 

number 150 150 3 537 0% 39%, $16.8 mill 142%, 36.3 millc 

Rule 340
b 218 5 190 0% 96%, $24.6 mill 208%, 53.3 millc 

a
 Lost effort has not been calculated via the Breen and Kim model, but is a comparison by MFish of the maximum 

number of tows possible under different FRMLs compared to the historical mean annual tows from 1988-2003 (2 871 
tows).  While this comparison may not be totally accurate, it is necessary to contrast the potential lost utilisation 
opportunity and economic loss under different FRMLs18.                           
b Note that it is unlikely that 218 sea lions would be taken in any one year, regardless of the abundance of squid within 
that year.                                
c Once the TACC has been fully taken fishers are required to pay deemed values for catch in excess of the TACC, thus 
projected value for catch far in excess of the TACC are unrealistic.   

103 Table 5 shows that at current port price of $790/tonne (raw product), the range of projected 
FRMLs produce export values ranging from $6.22 million to $24.6 million given average 
abundance of squid.  If there is unseasonably high abundance of squid, export value could range 
between $13.3 million to around $30 million (where the TACC has been fully caught).  An FRML 
of 121 would be required to conduct 2 871 tows in 2006-07 if all tows are eligible for the 2005-06 
discount factor of 20%, and thus equal the historical average number of tows between 1988 and 
2003.  Lower FRMLs result in some loss in potential export earnings with Rule 4 (FRML of 77) 
resulting in a loss of $5 to $10.8 million depending on the abundance of squid, whereas Rule 310 

                                                 
27 In the 1999-00 season, early closure of the SQU 6T season due to sea lion bycatch limited squid catch to 
6 241 tonnes, about 26,000 tonnes below the TACC.  Potential gross economic impacts are based on an assumed 
average port price over time of $1/kg. 
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(FRML of 55) results in a greater loss in potential export earnings from $7.3 to $15.9 million, given 
current port prices of $790/tonne28.   

104 These estimated impacts compared to the historical number of tows over the period 1988 to 
2003 are rough approximations only and for a specific season, the influence of the applicable 
FRML on utilization of the squid resource and associated economic impacts depends on squid 
abundance and catch rates, costs of fishing, other fishing opportunities, and market prices.  If the 
FRML is not reached in a given season (estimated in Table 3 to be the case 76% of the time under 
Rule 4), there are no lost fishing opportunities due to the FRML.  Advance knowledge of squid 
abundance, catch rates, or value cannot be reliably forecast prior to the season, and no request for 
evaluation of in-season changes to the FRML have been made in the development of the Breen and 
Kim model.   

105 The majority of boats operating in the SQU 6T fishery have been foreign charter trawl 
vessels, although a higher proportion of New Zealand flagged vessels has participated in the fishery 
recently (approximately 25% of the SQU 6T fleet in the 2005-06 season).  Squid trawl vessels rely 
upon the SQU 6T fishery as one of several fisheries available during the year.  Combined, this 
portfolio of fishing opportunities allows New Zealand fishing companies to efficiently augment 
harvest capacity with charter vessels where it may not be economically practical for New Zealand 
companies to invest in additional vessels.  The predictability of fishing opportunities given FRML 
constraints in the SQU 6T fishery thus becomes an important consideration in a more complex 
array of charter vessel arrangements in other fisheries over the course of a year. 

106 MFish acknowledges the significance of the squid fisheries to the fishing economy, the 
dependence of vessel operators on a suite of associated species, and the potential social and cultural 
impacts on the industry if the SQU 6T fishery is prematurely closed as a result of an FRML being 
reached.  These impacts need to be considered by the Minister in reaching a decision in line with 
the legislative requirements to provide for squid utilisation while taking other such measures 
considered necessary to further avoid remedy or mitigate the effects of fishing on sea lions. 

Proposed arrangements to monitor sea lion mortalities against the FRML 

107 Consideration of the specific FRML from within a range of viable options takes into 
account economic impacts on the squid fishery, and the purpose of the act to avoid, remedy or 
mitigate the effects of fishing on the aquatic environment.  Monitoring sea lion bycatch against the 
FRML is achieved through a pre-determined strike rate and discount factor applied to the strike rate 
of vessels which use a SLED and fish in accordance with the Operational Plan.  While squid 
utilisation opportunity is affected by the level of the strike rate and discount rate, these items are 
primarily determined on the basis of the best available scientific information.   

Predetermined strike rate 

108 MFish proposes to continue to estimate sea lion mortalities using a predetermined strike 
rate.  Note that the level at which the strike rate is set will have direct bearing on the number of 
tows that can be undertaken in the fishery. 

109 The 2004-05 Operational Plan required industry to operate under a predetermined strike rate 
of 5.3% (5.3 mortalities per 100 tows) to estimate the number of projected sea lion mortalities 

                                                 
28 Some caution is appropriate in projecting economic values owing to uncertainty in future market conditions, 
including price levels, the volume, size, and form of squid exports, and assumptions regarding conversion of 
greenweight to export product. 
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caused directly by the SQU 6T fishery.  This approach was also adopted in the 2005-06 fishing year 
as the AEWG considered that this figure remained the best available information.  The 
predetermined strike rate is based on a simple average of the actual strike rate estimated during the 
seven fishing seasons 1996-97 to 2002-03, and for which a minimum 20% annual observer 
coverage was achieved (see Table 6).  This procedure, relying on the predetermined strike rate, was 
considered the best method to estimate sea lion mortalities in the fishery given the lack of verified 
(MFish observed) empirical information on the extent of actual sea lion deaths that are occurring 
against the FRML.  The wide range of variability in individual seasons underlying the seven-year 
average (0.6% to 11.8%) highlights the uncertainty surrounding the adopted strike rate when 
applied to any given year. 

Table 6 - Reported strike rate of NZSL (mortalities per 100 tows) by MFish scientific observers in the 
SQU 6T fishery, as well as average tow length in SQU 6T per year. 

Fishing year Avg tow lengtha (hrs) Actual strike rateb (%) Observer Coveragec (%) 
1987-88  1.8 24 
1988-89  3.7 19 
1989-90 3.5 2.2 12 
1990-91 3.4 0.6 10 
1991-92 3.7 3.8 10 
1992-93 3.1 2.6 32 
1993-94 3.6 0.7 10 
1994-95 3.6 3.0 8 
1995-96 3.6 2.3 13 
1996-97 3.7 3.5 20 
1997-98 3.2 4.4 23 
1998-99 3.5 3.6 37 
1999-00 3.5 6.0 35 
2000-01 3.3 11.8 100 
2001-02 3.8 5.1 46 
2002-03 4.1 2.8 23 
2003-04 5.0 d 31e 
2004-05 4.7 d 29 e 
2005-06 6.3 d 28e 

a Source MFish catch effort database.   
b Source: 2002-03 Operational Plan and Doonan (NIWA) 
c Source: Doonan (NIWA), Paul Starr (SeaFIC), and Baird (NIWA) 
d An actual strike rate was not calculated for 2003-04, 2004-05 and 2005-06 because observed vessels used SLEDs 
without cover nets to the effect not all sea lions were retained in the trawl net. 
e Based on vessel coverage data supplied by the MFish Observer programme 

 

110 Subsequently, there have been two independent models to estimate the sea lion strike rate 
based on the historical observed tows in SQU 6T.  Results from two models suggest that the strike 
rate of 5.3 sea lions per 100 squid tows previously used in the 2005-06 Operational Plan is not 
unreasonable.  One of the studies29 made no specific recommendation as to the appropriate strike 
rate, the other model recommended that there may be basis for increasing the strike rate to 5.8 sea 
lions per 100 squid tows30 (see below).  In addition, table 6 shows that squid trawl tow lengths have 
been increasing over time.  These three issues relating to estimation and interpretation of the strike 

                                                 
29 Breen. P., S. Kim and P. Starr. Estimating sea lion bycatch in the SQU 6T and SQU 1T fisheries. NIWA Client 
Report WLG2005-37, July 2005. 
30 ENV2004-02. Estimation of New Zealand sea lion incidental captures in new Zealand Fisheries (NIWA). Ministry of 
Fisheries Aquatic Environment Working Group meeting. 1 March 2006. 
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rate as a basis for projecting actual sea lion mortalities are discussed in more detail below and may 
provide basis for the Minister to reconsider the appropriate level of the predetermined strike rate.   

a) The Squid Fishery Management Company submitted a report in 2005 estimating 
sea lion bycatch in the SQU 6T and SQU 1T fisheries.  This report29 provides a 
simple model to estimate strike rate, SLED ejection rate, and the rate of reporting 
bycatch from non-observed tows.  This model, based on industry data from the 
2002-05 seasons, seeks to provide more robust strike rate estimates (with confidence 
limits).  The report notes that estimated strike rates have had median values less than 
5.3% (ie, the proposed strike rate for the 2005-06 Operational Plan) in three of the 
past four years.  However the report did not recommend a change to the 
predetermined strike rate.  Although the AEWG judged merit in this approach to 
estimating strike rate and sea lion bycatch, the choice of method and data used to set 
the default rate was open for debate.  The AEWG did not support the use of this 
approach for the 2005-06 fishing year and recommended that additional work be 
undertaken.  This work has not eventuated. 

b) In September 2006 the AEWG considered the final version of a paper by the 
National Institute of Water and Atmospheric Research Limited (NIWA) scientists 
M.  Smith and S.  Baird30.  This strike-rate modelling research suggests that for the 
years 2000-2004 the estimated averaged strike rate was 5.81%.  The figure 5.81% 
lies within the historical observed range of annual sea lion strike rates between 1.3% 
to 11%, and indicates that for 2005-06 the 2 450 tows could have theoretically 
resulted in a range of 32 to 270 sea lion mortalities.  The report noted that the 
number of observed tows with two or more captures is more than twice the expected 
total estimated by the model.  The AEWG meeting of 1 September 2006 discussed 
this at length, with the majority of members considering that 5.8% represented the 
best available information on which to base the strike rate for the 2006-07 fishing 
year, however the group was unable to reach a consensus and some members 
considered that the current strike rate (5.3%) had some advantages. 

c) Table 6 shows that the average length of SQU 6T tows (hours) has increased from 
3.75 hours in 2002 to 6.33 hours in 2005-06 (no standard errors have been 
calculated).  The effect of tow length on strike rate is not known, nor is the reason 
for the increase in average tow length in the 2005-06 season.  The increase may be 
the predictable result of limiting the number of tows which can be conducted in any 
season by way of an FRML, alternatively the increase may be related to changes in 
fleet dynamics over recent years, for example; Korean vessels are thought to tow 
longer than vessels with other origins.  Apparent increased tow length leads to 
greater uncertainty regarding the appropriateness of the historical average strike rate 
when applied to tows of significantly longer duration.  If the strike rate has some 
positive relationship with trawl duration, and trawl duration is increasing, the use of 
historical average may underestimate the actual strike rate and the associated 
estimate of sea lion mortality.  The AEWG was unable to reach a consensus on the 
effect of increased tow length.  This trend can be examined when the model is 
updated.    

111 Whilst noting that other options are available to the Minister, MFish is proposing a choice 
between retaining the current strike rate of 5.3%, or increasing the strike rate to 5.8%, in light of the 
ENV 2004-0230 study that the majority of AEWG members considered to have some merit.  
Several members of the group also considered that adopting the 5.81% strike rate would act to take 
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account of the increase in trawl tow length.  Some members thought that the existing strike rate was 
preferable because it was estimated when SLEDs were not in use and sea lion captures were more 
readily observed.  Most members considered that the strike rate could be estimated in future based 
on some sort of average of the estimated strike rate in the most recent 5 years.   

112 The predetermined strike rate will apply to the total number of tows reported in the SQU 6T 
fishery by all vessels during the relevant reporting period31 as follows: 

[predetermined strike rate] x [total number of tows in SQU 6T by all vessels] 

113 Ongoing estimated mortalities by the fleet will be applied cumulatively to the sea lion 
FRML in SQU 6T. 

114 Allowable tows under the broader range of decision rules are shown in Table 7, including 
the option of setting the FRML at 150.  Declining pup counts and resulting lower FRMLs result in 
a lower number of tows which can be conducted under the 5.3% strike rate than in 2005-06.  A 
strike rate of 5.3% for the range of recommended FRMLs of 55 to 218 sea lions enables vessels to 
conduct about between 1 038 to 4 113 tows prior to any discount allowance being applied for 
SLED usage.  If the strike rate is increased to 5.8% this potential range of tows decreases to 
between 946 and 3 752 tows, before a discount rate is applied.   

Sea lion exclusion devices and the discount factor 

Sea lion exclusion devices 

115 In recent years, the SQU 6T industry has experimented with SLEDs installed inside 
trawl nets.  The purpose of a SLED is to reduce sea lion mortalities by allowing live animals to 
escape from the net.  Two factors influence how effective SLEDs are at reducing sea lion 
mortalities: (i) escapement rate and (ii) survival rate of animals that do escape. 

116 A great deal of work has been done by industry in trialling different SLED designs for use 
in the SQU 6T fishery.  Under the 2005-06 Operational Plan vessels were required to use a standard 
design SLED (designated the ‘Mark 3/13’ design) in order to be eligible for the discount strike rate.  
While there are no studies proving that the Mk 3/13 SLED is more effective than previous designs, 
this design features narrower bar spacing and a forward facing hood over the escape hatch.  These 
changes to the original design are intended to allow live sea lions to escape.  The narrower bar 
spacing is intended to prevent sea lions passing through the bars of the SLED grid and the forward 
facing hood over the escape hatch necessitates an animal swimming forward to escape.   

 

 

 

                                                 
31 Up to the point where 70% of the FRML is reached, the reporting period used to measure observer coverage is to be 
the seven day calendar week commencing at 0001 hours Monday and ending at 2400 hours the following Sunday. 
At the point when 70% of the FRML is reached the reporting period will switch to a daily basis.  MFish anticipates that 
fishers will begin fishing in SQU 6T on 1 February 2007.  For purposes of the applicable reporting period, the week 
covering the opening of the SQU 6T fishery on 1 February will be shortened to the three-day period commencing 
1 February 2007 at 0001 hours and ending at 2400 hours on 3 February 2007. 
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117 For the 2005-06 season all vessels in the fishery were equipped with SLEDs.  Five vessels 
in the fleet of 35 were identified as using SLEDs with dimensions different from those specified in 
the Operational Plan and thus were not awarded the discount strike rate.  Vessels with MFish 
observers reported eleven sea lion mortalities in SQU 6T, and non-observed boats reported an 
additional five mortalities.  Of these 16 dead sea lions: 

a) One was male, ten were female, and the sex of the remaining five animals was 
undetermined. 

b) All animals were caught on vessels using SLEDs at the time of capture, however 7 
of the 11 observed captures came from vessels using SLEDs of different 
specifications from the Mk 3/13 design.   

c) There were two observed tows in which there were multiple sea lions caught, with 
two in one tow, and three in another.   

d) One animal was found in the pounds (having gone through the bars of the SLED), 2 
animals were recovered from the hood of the SLED, the remaining 8 observed 
animals are known not to have passed through the bars of the SLED.  The conditions 
of capture are unknown for the remaining 5 animals.   

e) Observers recorded that 7 of 11 observed captures involved the vessel conducting a 
turn at some point during the tow, and while it is unknown whether this resulted in 
the capture, turning during a tow may alter the shape of the trawl gear and the 
alignment of the grid and escape hatch. 

118 The 2005-06 observed capture and death of sea lions despite the use of a SLED confirms 
that the use of SLEDs results in the mortality of some sea lions, whether or not the animal passes 
through the bars of a SLED and into the cod end.  The reduction in the number of animals ending in 
the cod end however may be a reflection of improved SLED design, but the AEWG did not 
consider that there was merit for a change to the discount factor at this time.   

119 The independent SLED Technical Working Group comprised of representatives from 
industry, SeaFIC, NIWA, MFish, and DoC is currently overseeing video camera trials undertaken 
by industry designed to show how many sea lions pass through the Mk 3/13 SLED design.  The 
preliminary tests of this technology have resulted in high resolution images and it is hoped that 
more extensive video trials in 2006-07 will allow a better understanding of sea lion behaviour in 
trawl nets and their interactions with the SLED, such that strike and ejection rate can be better be 
determined.   

120 There is an economic incentive for industry to scientifically demonstrate that the use of 
SLEDs result in less sea lion mortality (the basis of the discount factor on the predetermined strike 
rate) and to continue to trial new technology to develop SLEDs which are more effective at ejecting 
live sea lions than the current Mk 3/13 model.  In the future, improvements in proven SLED 
efficacy may result in the discount factor being altered.  The Deepwater Group Limited has 
indicated the intention to trial alternative SLED designs including the use of grids made of a 
composite material rather than stainless steel.  Any such trials will require an application for a 
special permit. 
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SLED Discount factor 

121 In previous seasons a discount factor has been applied to the strike rate of vessels 
employing a SLED and fishing accordance with the Operational Plan.  The discount factor 
effectively applies a lower strike rate for qualifying tows with the effect that more tows can be 
conducted before the FRML is reached (Table 7).   

122 The 1 September 2006 meeting of the AEWG considered sea lion necropsy reports from the 
2004-05 and 2005-06 fishing seasons and discussed the relevance of the results in relation to the 
discount factor.  While there is a high level of uncertainty surrounding the level of the discount 
factor, the AEWG did not consider there was any new information available on which to base a 
change to the discount factor at this time.  MFish considers that the current 20% discount factor 
should be retained.    

123 The 20% discount on the 5.3% predetermined strike rate as applied in previous years is 
based in part on a 2003 expert evaluation of necropsy findings of sea lions recovered from SLED 
trials32, involving the use of tied-down cover-nets.  Subsequent assessment of these findings by the 
an AEWG technical working group determined that there was some certainty that a proportion (two 
of seven animals) had a high likelihood of survival.  However, the technical working group did not 
agree that this information constituted sufficient certainty that a proportion of sea lion were exiting 
from SLEDs in viable condition to enable a discount for SLED use to be recommended.  The 20% 
discount factor adopted in the 2003-04 and subsequent Operational Plans reflects a reasonable 
interpretation of the survival prognosis from the expert evaluation (two of seven animals is 28.6%), 
given that the small sample of sea lions evaluated is not sufficient to establish reliable conclusions 
on SLED efficacy.   

124 MFish considers that subsequent necropsy analysis of sea lion bycatch from the 2004-05 
and 2005-06 fishing years provides highly speculative results regarding SLED efficacy, considering 
that all dead sea lions retained are the result of SLED failures (and in these years all cover-nets 
were open).   

125 In April 2006 the Aquatic Environment Working Group reviewed a paper by Massey 
University scientists Padraig Duignan and Gareth Jones33, that presented necropsy condition of 
marine mammals (including sea lions) retained by MFish observers from the 2004-05 fishing year.  
The Massey scientists were not provided information on the situations by which the animal was 
captured (ie whether or not the sea lions came from SQU 6T, whether a SLED was used, or 
whether the animal was recovered from the cod-end of the net).  However the report concluded that 
“the majority of sea lions were less traumatised than in previous seasons and most would have 
probably survived ejection by SLEDs”.   

 

 

 

 

                                                 
32 The results of the expert analysis is contained as an addendum to the 2003-04 SQU 6T sea lion Operational Plan IPP. 
Copies are available from the Ministry of Fisheries on request. 
33 Duignan,P.J. and Jones,G.W. (2006). Identification of Marine Mammals Captured in New Zealand Fisheries, 2004-
2005. Interim report Contract ENV2005/04 February 2006. 
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126 MFish considered that this necropsy report was lacking key information regarding the 
conditions of each sea lion capture (whether the capture occurred in SQU 6T, and whether a SLED 
was fitted to the net, and where the animal was found in the net), and thus the results of the study 
were inconclusive regarding survival of animals ejected from SLEDs and the appropriateness of the 
discounted strike rate.  For example, the study predicts that only 2 of the 13 sea lions taken would 
have died of their injuries if they had been able to escape.  However, further MFish analysis of the 
data indicate that: 

• 6 sea lions were captured in nets without SLEDs (thus their physical condition is not 
relevant to the discount strike rate);  

• 6 sea lions passed through the bars of the SLED and died in the cod-end (technically, 
these are SLED failures resulting in sea lion deaths); and  

• 1 sea lion was retrieved from the SLED hood and judged to have sustained moderate 
injuries but would have survived had it escaped. 

 

127 At the 1 September 2006 meeting of the AEWG again considered the results of 2004-05 
necropsy paper discussed above, as well as the necropsy of sea lions captured in the 2005-06 
fishing season34.  The 2005-06 paper examined the 11 retained sea lions, 10 female and 1 male, all 
of which had evidence of recent trauma and all had gross lesions consistent with death by 
asphyxiation.  Three of the animals had severe trauma, four had moderate trauma, and four had 
mild trauma.  MFish observers record the conditions of capture for each animal.  All were taken in 
SQU 6T, however one was recovered in a severely decomposed state.  Of the ten remaining sea 
lions only 1 went through the bars of a (non-approved) SLED and into the cod end, and the 
remainder were caught in front of the SLED bars or under the hood.   

128 While all of the 2005-06 captures are the result of SLED failures in that the animals did not 
escape the net, recent alterations to SLED bar spacing may have had some impact in reducing the 
number of animals that end-up in the cod end (based on a very small sample size).  Members of the 
AEWG could not agree on whether this report had any relevance to the discount rate for use of a 
SLED.   

129 It was suggested in the draft 2005-06 necropsy report that the past necropsy reports had 
been overly pessimistic in classifying the injuries of individual animals, and their likely survival.  
The AEWG was not sure how relevant this opinion was in light of the previous review of 
survivability indicators conducted by 5 independent veterinary pathologists, and requested that the 
2005-06 report could be re-done with the past classification ratings as well as the proposed new 
ones. 

130 Overall, the AEWG did not think there was any new information that would affect the 
calculation of the discount strike rate.  MFish encourages efforts by industry and other stakeholders 
to work cooperatively in advancing the understanding of SLED efficacy as a means of reducing 
fishing- related sea lion deaths.   

131 The application of a 20% discount factor allows the SQU 6T fleet to conduct a greater 
number of tows before the FRML is reached.  Table 7 shows the effect of applying a 20% discount 
rate to the 5.3% strike rate (assuming that all tows receive the discount factor) for the range of 

                                                 
34 W.Roe (2006), Identification of Marine Mammals Captured in New Zealand Fisheries. Unpublished report to the 
Aquatic Environment Working Group meeting of 1 September 2006. 
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available FRMLs.  Under Rule 310 (FRML 55) application of the discount results in an additional 
259 tows which can be conducted before the FRML is reached.  Under Rule 4 (FRML 77) 
application of a discount factor increases the maximum number of tows by 363.   

Table 7   -  Tows available based on alternative strike rate for alternative decision rules 

(recommended range highlighted) 

Rule 

  

2006-07 

FRML 

 

Tows at 5.81% 

strike rate
a 

Tows at 5.3% 

strike rate
b 

Tows at 4.24% strike rate (20% 

discount on the 5.3% strike rate)
c 
 

0 0 0 0 0 

305 27 464 509 637 

310e 55 946 1 038 1 297 

4 e 77 1 325 1 453 1 816 

320 e 109 1 876 2 057 2 571 

"150" e 150 2 581 2 830 3 538 

330 e 164 2 822 3 094 3 868 

340 e 218 3 752 4 113 5 142 

350 273 4 698 5 151 6 439 

360 328 5 645 6 189 7 736 

370 382 6 574 7 208 9 009 

380f 437 7 521 8 245 10 307 

390f 491 8 450 9 264 11 580 

Cuspf 504 8 674 9 509 11 887 
aA strike rate of 5.81% could be considered based on the ENV2004-02 paper30 presented to the AEWG on 1 
September 2006.                                           
bA strike rate of 5.3% could be considered based on the historical observed strike rate which was adopted in the 
2004-05 and 2005-06 fishing seasons.            
cA discount strike rate of 4.24% represents a 20% discount in the predetermined strike rate and could be applied 
representing the status quo from the 2005-06 fishing year.                                                                             
eThe grey shaded portion indicates the range of rules recommended to the Minister.                                             
fThe diagonally hatched cells indicate the rules which AEWG discussion from 1 September 2006 indicate are most 
affected by insufficient process error in the 2003 Breen Kim model.  If greater process error had been incorporated 
in the 2003 modelling work, the higher rules would have potentially failed the sustainability criteria, and the Cusp 
would have been some lower-numbered rule.   

Requirements to qualify for the SLED discount factor for 2006-07 

132 Misunderstandings on the part of vessel operators in recent years have led to 
disqualification for SLED eligibility in some cases due to either the use of ineligible SLEDs, or 
improper notification procedures.  In an effort to remedy the apparent confusion that exists 
regarding SLED discount eligibility and notification requirements, MFish clarifies that the discount 
factor will only apply to those vessels satisfying the following specific conditions; 

SLED Eligibility 

a) Vessels must comply with an MFish-approved industry protocol on the design and 
deployment of SLEDs when targeting squid within the SQU 6T fishery.  This 
protocol remains unchanged from that developed for the 2005-06 fishing year and is 
put forth as the “SLED Specifications” to accompany the proposed 2006-07 
Operational Plan; 

b) Verification of each vessel’s SLED specifications must be obtained prior to the 
fishing season by a representative of the Deepwater Group Limited (DGL) and 
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provided to MFish for any vessel seeking the discount strike rate for fishing in SQU 
6T during the 2006-07 fishing year.  Where a vessel starts fishing in SQU 6T part 
way through the year the operator needs to allow the DGL to verify SLED 
specifications as soon as is practicable.  This verification is required regardless of 
whether an observer is to be placed on that vessel; and 

c) Vessels operating within the SQU 6T fishery must use a SLED, and the escape hatch 
on the SLED must remain open at all times during fishing operations. 

133 MFish seeks the cooperation of the fishing industry and the DGL to provide estimates and 
advanced notice of the likely number of SLED-equipped vessels that intend to operate in SQU 6T 
in order for appropriate observer coverage to be arranged.  This will include notification to the 
MFish Observer Program with a list of all likely SQU 6T vessels by 1 December 2006, and updated 
thereafter in a timely manner if new vessels enter the fishery, or conditions of existing vessels 
change. 

Observer Program notification 

134 MFish notes that supporting the eligibility of vessels to apply for the SLED discount factor 
will require a high level of observer coverage for the SQU 6T fishery.  As in previous years, MFish 
will seek to achieve a cumulative 30% observer coverage representative of all tows undertaken in 
the SQU 6T fishery.   

135 MFish will require vessel operators to notify the Observer Program at least 72 hours prior to 
departure (not including Saturdays, Sundays and holidays) of their intentions to obtain the SLED 
discount factor.  The purpose of such notification is to allow the Observer Program to potentially 
place an observer on that vessel, to achieve 30% coverage in a representative manner.  Vessels that 
fail to provide the required notification will not receive the discount strike rate.   

136 Notification will take the form of a ‘template’ signed and submitted by fax or email to the 
MFish Observer Program 72 hours prior to each individual fishing trip.  The notification template is 
intended to simplify the SLED discount reporting requirements for the 2006-07 fishing year.  The 
template incorporates the operators’ declaration that they intend to:  

a) fish in SQU 6T;  

b) use a SLED, and;  

c) that the SLED complies with the agreed SLED design protocol and that it can be 
verified by MFish against the approved SLED design  

137 Operators will be required to provide the following information on the template: 

a) the company name;  

b) the vessel name;  

c) the expected voyage departure date, and;  

d) port of departure.   
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138 MFish requires specific notification 72 hours prior to leaving any New Zealand port at any 
time during the 2006-07 fishing season.  Operators who provide a single notification of SLED use 
at the beginning of the SQU 6T season will only satisfy the notification requirements for the first 
voyage.  A vessel fishing in SQU 6T that has not satisfied this advance notification requirement 
will not be eligible for the SLED discount on any tows undertaken during that voyage. 

Retrospective change of vessel discount status 

139 In 2005-06 MFish became aware that several vessels in the fishery were using SLEDs of 
different specifications from those set out in the Operational Plan.  In addition, comparison of VMS 
information to notifications to the Observer Program showed that vessels were departing to fish in 
SQU 6T without notification.  Consequently, MFish retrospectively removed the discount strike 
rate accreditation for all tows conducted by vessels with non-compliant SLEDs, or conducted 
during fishing trips where no notification had been provided.  Over the course of the season, several 
hundred tows were retrospectively denied the discount strike rate, and this resulted in an 
instantaneous increase in the tally of sea lions against the FRML.   

140 While MFish acknowledges that this process of retrospective change of status is not 
desirable as there is a risk that the FRML may be reached more quickly than anticipated, the onus is 
on operators to meet the requirements for the discount factor, and MFish reserves the right to 
retrospectively change the status of tows conducted by vessels found to be fishing in contravention 
of the requirements of the proposed 2006-07 Sea Lion Operational Plan.   

Reporting requirements 

141 MFish proposes to adopt similar reporting requirements as in past operational plans as 
follows: 

a) Operators seeking eligibility for the SLED discount factor must satisfy SLED 
eligibility and voyage notification requirements as described above. 

b) Masters of all vessels are to submit a report to MFish on any encounter with a 
marine mammal that resulted in death or injury, at the end of the voyage (as required 
under the Marine Mammals Protection Act 1978); 

c) MFish observers will inform (by telex, e-mail, or fax) the Fisheries Communication 
Centre immediately following any observed NZSL capture on their vessel; 

d) The fishing industry (through the DGL) will co-ordinate a daily vessel reporting 
regime.  This information will generate in-season estimates of NZSL catches against 
the FRML based on the predetermined strike rate. Industry will only apply the 
discount strike rate when advised by MFish that a vessel is fishing in accordance 
with the proposed operational plan and should receive the discount rate;  

e) Given the proposed arrangements, all observed and unobserved vessels will be 
required to report the following information to the DGL: 

i) each tow undertaken in SQU 6T; 
ii) whether the tow was observed by a MFish observer; 
iii) whether a qualifying SLED was used on the tow; 
iv) whether a sea lion (or possibly multiple sea lions) was caught during a tow 

and whether the animal(s) were dead or released alive. 
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142 MFish notes that past audited comparisons between MFish tow-by-tow data and industry 
‘real time’ tow-by-tow data undertaken by the National Institute of Water and Atmospheric 
Research Limited have demonstrated no significant discrepancies.  MFish believes the use of 
industry tow data remain appropriate as a measure of effort at this time, notwithstanding concerns 
noted that average tow length in the SQU 6T fishery appears to have increased significantly in the 
2005-06 season.   

Pound grids 

143 In past seasons, some vessels voluntarily placed grids over the entrance of the pounds on 
deck to prevent any captured sea lion (alive or dead) from entering the pounds.  The use of grids 
serves two purposes.  First, it improves the ability for MFish Observers to record any non-targeted 
bycatch when brought on board, particularly if there is only one observer present (ie, the observer 
only needs to watch the emptying of the net and not wait for the pound to be emptied).  Secondly, 
the use of a pound grid prevents the problem of removing a live, likely agitated animal from the 
pound by vessel crew. 

144 The practicality of requiring all vessels in the SQU 6T fishery to use pound grids in the 
2006-07 fishing season was discussed at a recent meeting of the SLED technical working group (8 
June 2006).  Fitting pound grids on every vessel is not practical as the pound doors have different 
configurations across different vessels and sometimes this prevents the use of pound grids or makes 
them difficult to operate.  In the 2006-07 fishing year the MFish observers aim to quantify the 
voluntary-use of pound grids in the SQU 6T fishery.   

Fishery closure process 

145 Under the sea lion mortality estimation proposal, monitoring effort will focus on fishing 
effort as conveyed in total vessel tows.  Projections using weekly tows will be used to estimate total 
sea lion bycatch in the SQU 6T fishery.  Once 70% of the FRML has been reached, projections will 
be undertaken on a daily basis. 

146 If information indicates the point estimate for the total catch of sea lions by the entire fleet 
is about to reach the FRML, MFish will advise the Minister of Fisheries of this fact so that he may 
close the SQU 6T fishery under s 15(5) of the Act. 

147 Given timing constraints available to effectively monitor estimated total sea lion catch 
against the FRML, and the requirement to quickly close the fishery so that the agreed FRML is not 
exceeded, no consultation will be undertaken with stakeholders during the closure procedures.  
Nevertheless, MFish will closely co-ordinate the fishery closure process with the fishing industry to 
ensure that vessel operators are kept informed as to the status of the fishery in respect to the FRML. 

Ngai Tahu Claims Settlement Act 1998 

148 Section 288 of the Ngai Tahu Claims Settlement Act 1998 requires the Crown to 
acknowledge the cultural, spiritual, historic, and traditional association of Ngai Tahu with their 
taonga species.  Section 287 prescribes the NZSL (or Rapoka/Whakahao) as a taonga species.  
MFish acknowledges the associations between Ngai Tahu and the NZSL and notes that s 293 of the 
Settlement Act requires the Minister of Conservation to undertake advisory and consultative steps 
with Ngai Tahu in regards to the management of toanga species. 
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PRELIMINARY RECOMMENDATIONS 

149 MFish proposes the following management measures to manage the interactions between 
the NZSL and the southern squid trawl fishery (SQU 6T) for the 2006-07 fishing year: 

a) Implement an Operational Plan for the 2006-07 SQU 6T fishery; 

b) Set a FRML from within a range of 55 to 218 sea lions.  This range of FRMLs result 
from Rules 310 to 340 (including Rule 4 with FRML of 77), which were each 
assessed in 2003 with the Breen and Kim model; 

c) Use of a predetermined strike rate to estimate the total number of sea lion mortalities 
against the FRML.  MFish proposes retaining the current strike rate of 5.3% or 
increasing it to 5.8%; 

d) Apply a discount factor for vessels deploying an MFish-approved SLED design.  
The Minister is recommended to retain the current discount factor of 20%;  

e) Close the SQU 6T fishery under s 15(5) of the Act in the event the FRML is reached. 

f) Note that the AEWG has recommended that a review and update of the Breen and 
Kim model should be conducted before the 2007-08 fishing year.   

150 MFish acknowledges that, while FRMLs ranging between 55 to 218 sea lions for the 2006-
07 fishing year, are considered by MFish to best meet the statutory considerations under the Act, a 
wider range of FRMLs from 0 to 504 sea lions satisfy the management objectives established for 
sea lions in the SQU 6T fishery, and the Minister has the discretion to choose an FRML within 
these limits.   

151 MFish further acknowledges the uncertainty that underlies arrangements used to monitor 
sea lion bycatch against the FRML, and that a range of values exist to prescribe both strike rate and 
SLED discount.  MFish considers that the recommendations above provide the best balance 
between sustainability and utilisation objectives for managing sea lion interactions in the SQU 6T 
fishery, based on the best information available and the uncertainty that exists.  Stakeholders are 
encouraged to comment on these recommendations or alternatives. 
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APPENDIX 1 

CALCULATION 2006-07 SQU 6T SEA LION FRMLs 
 
This document provides calculations of permissible fisheries-related mortality limits (FRMLs) for 
Hooker’s sea lions, based on recent pup count data, as requested by MFish.  The original request from 
MFish is appended to this document.   
 
BACKGROUND 
 
The commercial trawl fishery for arrow or Wellington flying squid, Nototodarus sloanii, incidentally 
catches some New Zealand or Hooker’s sea lions, Phocarctos hookeri, especially in SQU 6T.  Because of 
the threatened conservation status of sea lions, the bycatch is treated as a serious conservation problem 
and the SQU 6T fishery is restricted with an annual sea lion bycatch limit. 
 
Until the 2004 fishing season35, the permitted sea lion bycatch was calculated from a formula developed 
in the United States and tested in simulations by Wade (1998).  For the 2004 season, a variety of 
alternative rules had been explored in a modelling simulation study (Breen & Kim 2006a, b) and were 
used to calculate alternative bycatch limits.  In early 2004, the FRML chosen by the Minister of 
Fisheries was overturned by the Court of Appeal (NZCA 132, 7 April 2004) who replaced it with a 
limit of 124.  For 2005, the Minister chose a bycatch limit of 115, and for 2006 he chose a limit of 150. 
 
DESCRIPTIONS OF HARVEST CONTROL RULES 
 
The PBR rule as applied in New Zealand 
 
This rule was used until the 2004 fishing season and was a specific, although slightly variant, member 
of a family of rules explored by Wade (1998).  The resulting bycatch limit was originally called a 
Maximum Allowable Fishery-Related Mortality (MALFiRM).  To avoid confusion, because that term 
has a specific New Zealand legal definition, the current practice is to use the term Fishing-Related 
Mortality Limit (FRML).   

The PBR rule as applied in New Zealand has often been called the “Wade rule”, but this term is 
considered in some quarters to be misleading.   There is no obvious alternative that is not unwieldy; I 
will use “New Zealand PBR rule” (NZPBR rule).   Under the NZPBR rule, the bycatch limit for year 

y, NZPBR
yFRML , was calculated as: 

 

(1) 1 2
0.5

2

y yNZPBR
y r

N N
FRML Fλ− − +

=   
 

 

 

where yN is a conservative estimate of the number of sea lions in year y, λ  (called maxR  in Wade 1998) 

is the maximum rate of population increase and rF is a “recovery factor”.  The central term is the 

average, over two years, of conservative estimates of the number of sea lions.    
 

                                                 
35 Pup production estimates and the fishing season both straddle calendar years.  Most births and all the fishing occur in 
the second year of the nominal year, viz. in the 2004 portion of 2003-04.  For simplicity, seasons in this report are 
named as the second year of the nominal season, as just illustrated.   
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When this rule was applied in the years before 2004, yN  was taken as the lower 20th percentile of the 

sea lion population estimate obtained from the Gales and Fletcher (1996) model, as calculated each 
year by DoC.  The inputs were estimated pup births in year y from Campbell Island and the Auckland 
Islands combined, and a set of assumed distributions of population parameters.   
 
There was a one-year lag because of the need to consult on bycatch management: for instance, the 
2001 pup production estimates were first used in the calculation of the FRML for the 2002 fishing 
season.  Wade (1998) suggested that λ = 0.12 would be a suitable default value for pinnipeds, but λ = 

0.08 was adopted in New Zealand.  rF was set at 0.15.   

 

Until very recently, I had interpreted yN as the number of sea lions vulnerable to being caught, vuln
yN , 

which would include few 1-year old juveniles.  In any year, the number of vulnerable sea lions is less 
than the total population excluding pups, because juveniles are only partially vulnerable compared with 
adults: Breen & Kim (2006a) estimated vulnerability-at-age.  It has been represented to me that the 
Gales & Fletcher (1996) model produces the total number of sea lions, excluding pups, not the number 
of vulnerable sea lions, and that bycatch management under the NZPBR rule was therefore based on 
this quantity rather than vulnerable numbers.  
 
Without prejudice to either this question or the question of which quantity would be more appropriate 
to use, I will provide the NZPBR calculations based on both vulnerable and total sea lion numbers 
(excluding pups). 
 
Rule 300 family36 
 
The 2003 modelling work of Breen & Kim (2006a, b) explored simple variants of the NZPBR rule.  In 
this work, the NZPBR rule was simplified so that it could be evaluated within the model without 
reference to the Gales and Fletcher model - the modelling work required that each year an FRML be 
calculated, and it would have been both cumbersome and unnecessary to require the model to run the 
Gales & Fletcher model for each year of each run.   In this version, the empirical relation between 

estimated pup production ( 0, yN ) and the FRML from the NZPBR was estimated outside the model, 

and then was combined with theλ and rF constants into a single constant: 

 

(2) 0, 1 0, 2[310] 0.02577
2

y y
y

N N
FRML − − +

=   
 

 

 

where 0, yN is the estimated number of pup births (pup production), at the Auckland Islands rookeries 

only, in year y.   
 
In the modelling work, this rule was named Rule 310, where “3” denoted this rule family and “10” 
denoted 1.0 times this interpretation the NZPBR rule.   Other variants were explored by Breen & Kim 
(2006a): for instance, Rule 305, which gave exactly half the bycatch limit of Rule 310, and Rule 320, 
which gave twice the bycatch limit of Rule 310.   These are members of a general family of rules 
described by the equation below.  In Rule 305, n = 0.5; in Rule 310, n =1; in Rule 320, n  = 2.  
 

                                                 
36 The first three paragraphs of this section were updated on 25 August 2006. 
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(3) 0, 1 0, 2[3 ] 0.02577
2

y yn
y

N N
FRML n − −

  +
=       

 

 
Further variants, with n  up to 11, were explored in work that was described by Breen & Kim (2006a, 
b).  One of these, termed the cusp rule, is the rule that just met the population management criteria 
used in the 2003 modelling, and has a multiplier 9.23n = .   
 
Rules examined in the 2003 modelling (Breen & Kim 2006a), and thus requested in this document, 
were Rule 0 (no fishing), Rule 305, Rules 310 through Rule 350 in increments of 10, Rules 380 and 390, 
the cusp rule and a rule that used a multiplier of ten (the notation fails at that level, Breen & Kim 
(2006a) used “Rule 399” to describe this). 
 
Rule 4 
 
Rule 4 was an arbitrary rule developed during the 2003 modelling.  In addition to the recent pup 
counts, it considers the mean pup of counts from 1999 through 2003, and compares the recent level 
with this earlier level.  When the ratio is one, the FRML is the same as that produced by Rule 320; 
when the ratio is less than one, the FRML is smaller than that produced by Rule 320; when the ratio 
exceeds one, the FRML is greater than that produced by Rule 320.  This rule is sometimes called 
“adaptive” in that the FRML is varying fraction of the population size, increasing as the population 
increases. 
 
Rule 4 is defined by this equation: 
 

2 4

0, 1 0, 2 0, 1 0, 2[4] 102 34
2 2

y y y y
y

N N N N
FRML

N N
− − − −   + +

= +      
   

 

 

where [4]

yFRML  is the FRML calculated for year y from Rule 4, 0, 1−yN  is the observed pup production 

in year y-1 and N is the mean pup production from 1999 through 2003.   
 
CALCULATIONS MADE UNDER THESE RULES 
 
Sea lion data 
 
Pup production estimates from the Auckland Islands are presented by Chilvers (2006) and a summary 
is shown in Table 1. 
 

Table 1: Pup production estimates from the four Auckland Islands rookeries, 1999-2006, from 
Chilvers (2006). 

  Year Pups
 1999 2867
 2000 2856
 2001 2858
 2002 2282
 2003 2517
 2004 2515
 2005 2148
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  2006 2089

 Mean, 1999-2003 2676.0
  Mean, 2005-2006 2118.5
 
NZPBR rule calculations 
 

This rule requires the mean of estimates of 2006N and 2005N .  Before 2004, these would have been 

obtained from the pup production estimates by using the Gales & Fletcher model.  The Gales and 
Fletcher model used arbitrary assumptions about population parameters, while population parameters 
were estimated by Breen & Kim (2006a, b) from a variety of data. Thus, any estimates of population 
size made from pup production should be based on the latter model.   
 
I examined the relation between pup numbers and the population size, using the latest fitted version of 
the Breen/Kim model (Breen & Kim 2005), available at this website: 
http://www.doc.govt.nz/Conservation/Marine%2Dand%2DCoastal/Fishing/010%7EConservation
%2Dservices%2Dprogramme/030~CSP-Plans-and-reports.asp 
 
For each year in each run I printed the “total” numbers of sea lions (excluding pups): 
 

21

,

1

a
total
y y a

a

N N
=

=

=∑  

 
where a indexes age (pups are in age class 0), or vulnerable sea lions: 
 

,

vuln
y a y a

a

N N V=∑  

 

where aV  is vulnerability-at-age.  From the posterior distribution of pup numbers for each year, I 

calculated the median; from the posterior distributions of total
yN and vuln

yN  I calculated the 20th 

percentile.  For each year I then calculated the ratio of pups to total (or vulnerable) numbers and took 
the mean across years (Table 2).  The inverse of this ratio gives the average multiplier between pup and 
total (or vulnerable) numbers of sea lions. 
 

Table 2: results from the comparisons of pup numbers with population size described in the 
text. 

  Vulnerable Total
 Ratio of pups to population numbers 0.2416 0.17737
 Multiplier 4.139 5.638
 2005-06 mean population size 8768 11944
 
These multipliers were applied to the mean pup production for 2005-06 (Table 1), 2118.5, to obtain the 
mean population size for 2005-06 (Table 2). 
 

The other constants required are 0.5, 0.08λ = , 0.15rF = or 0.50rF = .  For instance, using 

0.15rF = and vulnerable population size, 
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These calculations are summarised in Table 3: FRMLs range from 53 to 239. 
 

Table 3: FRMLs calculated from the NZPBR rule as described in the text, using either 
vulnerable or total population size and using the two values of recovery factor that were 
specified by MFish.  Numbers are rounded to the nearest whole sea lion. 

 FRML FRML
 based on based on

rF 2005 06

vulnN − 2005 06

totalN −

0.15 53 72
0.50 175 239

 
 
Rule 300 series calculations 
 
These rules are simple linear functions of the pup production estimate.  For instance, for Rule 330 (n = 
3.0): 
 

( )0, 1 0, 2[3 ] 0.02577 3.0 0.02577 2118.5 163.78
2

y yn
y

N N
FRML n − −

  +
= = =      

 

 
The family of rules requested is summarised in Table 4: FRMLs range from zero to 504.   
 

Table 4:  FRMLs calculated from the range of Rule 300 series rules requested by MFish.  
Numbers are rounded to the nearest whole number. 

n Rule FRML
0 300 0

0.5 305 27
1 310 55
2 320 109
3 330 164
4 340 218
5 350 273
6 360 328
7 370 382
8 380 437
9 390 491

9.23 Cusp 504
10 399 546

 
 
Rule 4 calculation 
 
Rule 4 is calculated as follows: 
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This would give a bycatch limit of 77 sea lions with conventional rounding.   
 
CAUTION 
 
Assumptions associated with these estimates are discussed by Breen & Kim (2006a). 
 
One must not assume that any specific bycatch limit will equate to the likely number of sea lions that 
would be killed by the fishery in 2006 if it were applied.  Breen & Kim (2006a, Table 11b) report the 
mean annual bycatch and the average worst bycatch, with other indicators, for various rules from the 
modelling results.  For instance, with no FRML, but with effort constrained to its long-term mean, the 
model’s mean annual bycatch was 99 sea lions, and the average worst year of bycatch in 100-year runs 
was 545 sea lions.   
 
A related and much worse error is to interpret the bycatch limits as if they were the number of sea 
lions that could safely be taken as bycatch on a continuing basis.  The bycatch limit for one year admits 
of no such interpretation, both because the limit may not be reached, and because the applicable 
FRML produced under a rule will change from year to year as the pup production changes. 
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APPENDIX 2  

BREEN AND KIM CALCULATIONS OF SEA LION POPULATION SIZE 

Population estimates from the Breen/Kim model 

The Breen/Kim (2006a) model can be used to estimate the relation between pup births and total 

numbers of sea lions37.   In the model, for each year of each run, the total number is the sum of 

numbers-at-age minus the number of pups.   

The relation between pup births and total numbers was determined as follows.  From the most recent 

model estimation (Breen & Kim 2005), NIWA obtained the marginal posterior distributions of pup 

births, and the posteriors of model total numbers for each year from 1993 to 2005.  For each year, 

different quantiles of the distribution of total numbers were obtained - the 5th percentile, the 20th, the 

50th (= median), 80th and 95th.  These were divided by the median of model pup births for that year.  

The result for each year is a set of multipliers one could use to estimate various parts of the distribution 

of total numbers from pup numbers.  These are like estimates made with different levels of confidence 

(i.e., with different probabilities of exceeding the true value).  The multiplier for the 5th percentile gives 

an estimate that is 95% likely to be less than the true value.   

The multipliers for each year were averaged across all years, and Table 5 shows mean of the multipliers 

from the 13 years.   

From this comparison, the median (i.e., the 50th percentile) of the total number of sea lions is obtained 

by multiplying the pup birth estimate by 5.880 (Table 5). The implicit assumption is that the current 

population age structure and pupping rates are similar to those estimated by the Breen/Kim model 

from 1993-2005 from the Auckland Islands data.  

Table 5: Mean pup count multipliers calculated from the relation between model pups and 
model total numbers for the years 1993 to 2005.   

Percentile 5% 20% 50% 80% 95%

Multiplier 5.406 5.638 5.880 6.134 6.383

This set of multipliers was then used to estimate total numbers of sea lions for each of the years from 

1994-95 through 2005-06.  Data for the Auckland Islands population were obtained from Chilvers 

(2006).  Data for the Auckland Islands plus Campbell Island population were obtained by adding 122 

to the pup births before the 2002-03 season, and adding 385 for the subsequent seasons, following 

Chilvers (2006).  This gives numbers that differ very slightly from the corresponding table in Chilvers 

(2006). 

                                                 
37 Throughout this document, the phrase “total numbers” means “total numbers exclusive of pups”. 
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The percentage change in pup birth estimates was also calculated; giving values that differ slightly from 

those in the Chilvers (2006) report.  To calculate the annual change for 1994-95 I used 1993-94 pup 

births of 2389 (DoC, pers. comm.). 

Population estimates 

The resulting population estimates are given in  

Table  for the Auckland Islands and in Table 7 for the combined Auckland Islands and Campbell 

Island population. 

Table 6: By season, the Auckland Islands pup birth estimates (Chilvers 2006), the annual 
percentage change, and total sea lion numbers estimated from the pup births using the 
multipliers in Table 5.  Columns show the median estimate, the 5th and 95th percentiles, and 
the 20th percentile. 

Pup Numbers    
Season births %change Median 5% 95% 20%

1994-95 2518 5.40% 14805 13613 16071 14197
1995-96 2685 6.63% 15787 14516 17137 15138
1996-97 2975 10.80% 17492 16083 18988 16773
1997-98 3021 1.55% 17762 16332 19282 17032
1998-99 2867 -5.10% 16857 15500 18299 16164

1999-2000 2856 -0.38% 16792 15440 18229 16102
2000-01 2859 0.11% 16810 15456 18248 16119
2001-02 2282 -20.18% 13417 12337 14565 12866
2002-03 2518 10.34% 14805 13613 16071 14197
2003-04 2515 -0.12% 14787 13597 16052 14180
2004-05 2148 -14.59% 12629 11613 13710 12110
2005-06 2089 -2.75% 12282 11294 13333 11778

Table 7: By season, the estimated pup births from the Auckland Islands plus Campbell Island, 
based on information in Chilvers (2006), the annual percentage change, and total sea lion 
numbers estimated from the pup births using the multipliers in Table 5.  Columns show the 
median estimate, the 5th and 95th percentiles, and the 20th percentile. 

Pup Numbers    
Season births %change Median 5% 95% 20%

1994-95 2640 5.14% 15522 14272 16850 14884
1995-96 2807 6.33% 16504 15175 17916 15826
1996-97 3097 10.33% 18209 16743 19767 17461
1997-98 3143 1.49% 18479 16992 20060 17720
1998-99 2989 -4.90% 17574 16159 19077 16852

1999-2000 2978 -0.37% 17509 16100 19007 16790
2000-01 2981 0.10% 17527 16116 19026 16807
2001-02 2404 -19.36% 14134 12997 15344 13554
2002-03 2903 20.76% 17068 15694 18529 16367
2003-04 2900 -0.10% 17051 15678 18509 16350
2004-05 2533 -12.66% 14893 13694 16167 14281
2005-06 2474 -2.33% 14546 13375 15790 13948
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APPENDIX 3  

OBSERVER RECORDS OF SEABIRDS CAUGHT IN SQU 6T 

 2000 2001 2002 2003 2004 2005 

Record start Feb-02 Jan-31 Feb-02 Feb-04 Feb-11 Feb-12 

Record stop Sep-29 Nov-07 Dec-30 Nov-30 Apr-15 Sep-01 

Total tows    1669 1400 2558 2534 

Observed Tows   434 322 788 735 

% Observed Tows   26 23 30.8 29 

observed strike rate (# birds /tow)   0.166 0.183 0.155 0.244 

Total birds killed   277 257 396 617 

       

Albatross, black browed  2    3 1 

Albatross, NZ white capped  20 31 39 20 37 115 

Albatross, Salvin's   1    3 

Albatross, shy   3 6  2 4 

Albatross, southern black browed       1 

Albatross, southern Buller's   1      

Albatross, unidentified 1 2 9 3 22  

Total Albatross 22 35 45 20 42 123 

       

Petrel, cape  3 2  1  1 

Petrel, common diving  1  2 1 2 1 

Petrel, grey  48      

Petrel, southern giant  1      

Petrel, storm     2 1 3 

Petrel, unidentified 1 21 4 6 12 23 

Petrel, Westland  2      

Petrel, white chinned  9 9 3 7 4 14 

Total Petrel 65 32 9 17 19 42 

       

Prion, Antartic    2  13  

Prion, unidentified   2   1 

Total Prion   4   13 1 

       

Shearwater, sooty  2  5 19 2 9 

       

Seabird unidentified 2 1   24 3 

       

Total seabirds 92 71 72 59 122 179 
 

This table shows the number of birds observed to have been killed in the SQU 6T fishery and the estimated number of kills 
across the whole fleet for the 2001-02 to 2004-05 fishing years.  Although the number of birds estimated to have been killed 
rises proportionally with the number of tows, this is not a simple linear relationship, and strike rates show no obvious 
relationship with either tows or proportion of observed tows.   
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APPENDIX 4 

OVERVIEW OF THE 2005-06 SQU 6T FISHING SEASON 

152 Incidental catch of sea lions in the 2005-06 SQU 6T season was managed under an 
Operational Plan approved by the Minister of Fisheries (after consultation with the Minister of 
Conservation) on 5 November 2005.   Officials of MFish developed this plan, after consultation 
with industry, non-government organizations, Te Runanga o Ngai Tahu, the Department of 
Conservation and other relevant groups. 

153 The 2005-06 plan implemented a FRML of 97 sea lions, based on ‘Harvest Control Rule 4’, 
one of several alternative harvest control rules considered for the 2005-06 SQU 6T sea lion 
operational plan, the rules having been assessed in 2003 with the Breen and Kim sea lion 
population model. The FRML of 97 resulted from applying the average of the 2004 and 2005 DoC 
pup counts to the mathematical equation for Rule 4.  

154 The use of Rule 4 to set a FRML acknowledged the range in mortality limits satisfying the 
interim management objectives, and recognised information uncertainty and the Court of Appeal 
determination that sea lions cannot be managed like a harvestable stock that can be exploited at 
MSY.  This rule provided an adaptive approach to balance the dual obligations for sustainable 
resource utilisation  put forth in the Fisheries Act 1996. 

Mid season FRML increase from 97 to 150 sea lions 

155 The Minister chose to review the 2005-06 FRML in March 2006 with a view to increasing 
the limit to 150 sea lions. The reason for this reconsideration was that above average squid catch 
rates early in the season indicated high abundance of squid, and thus a utilisation opportunity for 
industry that would not be realized unless the FRML was increased. The risk to the sea lion 
population of a increase to 150 animals was considered to have an acceptable level of risk on a 
once-off basis.  

156 The consultation process demonstrated the high profile of this issue and widely polarized 
view points with over 1,500 submissions (most of which were form letters resulting from the Forest 
and Bird Save our Sea Lion campaign), mostly opposing the increase, received over a two week 
period. Following the consultation, the Ministry of Fisheries collated the submissions and provided 
a final advice paper to the Minister, who made the decision to increase the FRML for 2005-06 to 
150 sea lions.  

Monitoring procedures 

157 The 2005-06 Operational Plan estimated the total sea lion captures by the SQU 6T fleet by 
applying a predetermined strike rate of 5.3% to all tows undertaken in SQU 6T.  The application of 
this strike rate provided an estimate of 5.3 sea lion mortalities for every 100 tows undertaken in the 
SQU 6T fishery. The cumulative total estimated mortalities using this method were counted against 
the FRML. 

158 The 5.3% strike rate was based on a simple average of actual strike rate achieved during 
years where a minimum 20% annual observer coverage of tows was achieved (based on the period 
1996-97 to 2002-03).  This approach was also adopted by the Operational Plans for the 2003-04 
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and 2004-05 SQU 6T fishery as a result of discussions by Aquatic Environment Working Group in 
2003. 

159   The Operational Plan allowed for the application of a discount factor of 20% to the 
predetermined strike rate for vessels using approved sea lion exclusion devices (SLEDs). The 
discount factor acknowledges the possible survival of sea lions ejected by SLEDs on these vessels.  
The SLED discount has the effect of reducing the strike rate to 4.24% for qualifying vessels.  The 
Operational Plan aimed for 30% MFish Observer coverage to document SLED use. Ultimately, 
28% of tows received observer coverage during the 2005-06 season.  

The 2005-06 season 

160 The SQU 6T fishing year formally commences on 1 October, but fishing commences four 
months later in the first week of February by industry voluntary agreement. 

161 The original 97 animal limit was judged to have been reached on 2 April 2006, but as the 
Minister was considering increasing the FRML, the fishery was not closed by notice in the Gazette 
and remained open to fishing.  

162 Following consultation the Minister decided on 11 April 2006 to increase the FRML to 150 
on a once-off basis due to the potential for significant squid utilisation opportunities based on 
indications of high squid abundance early in the season.  

163 The full extent of this utilisation opportunity was not realized because the abundance of 
squid rapidly declined in late April (this has occurred in several prior seasons, as the squid may die 
or migrate elsewhere). Fishing in SQU 6T effectively ceased in early May at which point the 
cumulative sea lion mortality was estimated at 110. This final mortality limit was 13 animals above 
the original FRML, but 40 animals below the revised limit of 150. 

164 The estimated total 2005-06 sea lion mortality was slightly lower than the estimated bycatch 
of 118 and 115 sea lions recorded in 2003-04 and 2004-05, respectively, and represents the eighth 
time in the last 19 seasons that sea lion mortalities in the SQU 6T fishery have exceeded 100 
animals.  Total SQU 6T landings for the 2005-06 season are projected to reach about 17 000 
tonnes, or 53% of the TACC. This is a significant reduction in total catch relative the two previous 
seasons, but about average when considered over the long term.  

Estimated number of New Zealand sea lion captures 

165 A total of 2 450 tows were conducted in the 2005-06 SQU 6T season.  Using the monitoring 
and estimation procedures in the Operational Plan, a total of 110 sea lions were estimated taken in 
the SQU 6T fishery in 2005-06.  About 78% of tows qualified for the discount factor (effectively a 
strike rate of 4.24%) granted to vessels using approved SLEDs with open cover nets and providing 
adequate notification to MFish to allow placement of an observer on the vessel.  The full 5.3% 
predetermined strike rate was applied to the remaining 22% of tows. Of these 530 tows, 216 did not 
receive the discount strike rate on the basis that the vessel did not provide the required notification 
to the observer program to allow placement of an observer. The remaining 314 tows that did not 
receive the discount strike rate were attributed to vessels found to have non compliant SLEDs, with 
grid bar diameter less than the 20mm required under the 2005-06 Operational Plan.  

166 An actual sea lion strike rate for the 2005-06 season could not be estimated because 
observed and unobserved vessels used SLEDs with no cover nets to retain captured sea lions, such 
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that an unknown number of sea lions were ejected back into the open ocean.  This prevented the 
actual number of mortally wounded sea lions passing through the escape hatch of a SLED from 
being determined. 

167 A total of 681 tows were observed by MFish observers in the 2005-06 SQU 6T season 
(representing about 28% of all tows).  Sixteen sea lion mortalities were recorded in SQU 6T during 
2005-06, eleven of these on vessels with MFish observers, and five on vessels without MFish 
observers. All of the sea lions reported caught came from vessels which were using SLEDs, 
however 7 of the 16 sea lions came from vessels which were identified as having SLEDs with bars 
thinner than the required 20mm.  Of the 16 sea lions recovered, five were unobserved and the 
conditions of capture not recorded. Of the 11 observed animals, one was found in the cod-end and 
so passed through the bars of the SLED, two were recovered from the hood of the SLED, and the 
remaining eight sea lions were recovered from in front of the grid.   


