
2009-10 SQU6T OPERATIONAL PLAN: INITIAL POSITION PAPER 

Purpose 

1 This paper sets out the Ministry of Fisheries (MFish) initial position on proposed 
management measures for the squid fishery operating around the Auckland Islands (SQU6T) for 
the 2009-10 fishing season.  

2 MFish reminds stakeholders that the initial position paper (IPP) is not presented to the 
Minister of Fisheries (the Minister). Its purpose is to provide information on proposed management 
measures to stakeholders, including the initial views of MFish where appropriate, so that 
stakeholders can provide relevant feedback. The contents of the IPP, the views of stakeholders and 
any additional information and analysis are then formulated into final advice to the Minister. 

 

 

Figure 1: Location of SQU6T (both boxes) 

Executive summary 

3 The foraging range of New Zealand sea lions (sea lions) that inhabit the Auckland Islands 
overlaps with the fishing grounds of the SQU6T fishery and leads to the incidental capture of sea 
lions by squid trawl vessels. 

4 Under s 15(2) of the Fisheries Act 1996 (the Act) the Minister of Fisheries may take such 
measures as he considers necessary to avoid, remedy, or mitigate the effect of fishing-related 
mortality on any protected species, and such measures may include setting a fishing-related 
mortality limit (FRML). The proposed management regime for the 2009-10 SQU6T fishery is 
similar to that used in previous years and focuses on the use of an FRML to constrain sea lion 
mortalities to an acceptable level. For the 2009-10 season the Breen-Fu-Gilbert model (population 
model) has been used to evaluate the performance of possible harvest control rules against the 
agreed management criteria.1 

                                                 
1
 The Breen-Kim model used in previous SQU6T operational plans was updated in 2008 and published as the Breen-

Fu-Gilbert model. 
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5 Each of the proposed FRMLs for the 2009-10 season is derived from a series of harvest 
control rules that were assessed by the population model to have met the agreed management 
criteria. For the 2009-10 fishing year, the FRML options that meet both management criteria range 
from 0 to 106. In choosing a harvest control rule and hence an FRML for the coming fishing season 
the Minister must balance the sustainability and utilisation requirements in the fishery. MFish’s 
initial view is that the FRML is most appropriately set by applying a harvest control rule that results 
in an FRML within the range of 52-90 sea lions.  

6 A predetermined strike rate is used to assess fishing performance against the FRML. The 
current strike rate is assumed to be 5.65% and is based on the modelled assessment of the mean 
strike rate for three fishing seasons from 2004 to 2006.2 Applying this strike rate means that for 
every 100 tows undertaken in the squid fishery 5.65 sea lions are presumed killed and counted 
against the FRML. MFish does not consider there is any new information that would warrant 
changing the strike rate for the coming SQU6T season.  

7 Currently those vessels that use an approved sea lion exclusion device (SLED) receive a 
discount on the strike rate to reflect the increased likelihood that sea lions can escape from nets 
fitted with these devices (see Appendix 1). Recently all vessels in SQU6T have used SLEDs; 
however, there is some uncertainty about their efficacy. The current discount rate is 35% which 
assumes that 35% of sea lions that enter a trawl net escape from the net through the SLED. MFish 
is proposing that the SLED discount rate remains unchanged at 35% for the 2009-10 fishing year. 

8 Camera footage from the 2009 season has shown a sea lion and a fur seal actively 
swimming from SLEDs. Additional research is underway that will also inform the accuracy of the 
SLED discount rate. However, this information is not yet finalised and MFish believes that it is 
more appropriate to consider reviewing the discount rate on the basis of all this information when 
available. 

9 Each year the Minister is required to consider all relevant information and make a decision 
on the sea lion operational plan. All relevant information necessary to make this decision is 
discussed in this IPP and stakeholders are invited to provide their views. This IPP highlights the 
information received since the 2008-09 operational plan and includes: 

a) Changes made to the population model. 

b) 2008-09 pup count numbers. 

c) Camera footage of sea lion and SLED interactions from the 2008-09 squid season.  

d) Performance of operators in deploying and using SLEDs during the 2008-09 squid 
season. 

e) A review of SLED construction and operation. 

10 The necropsy information on the sea lions returned during the most recent SQU6T season is 
not yet available but it is likely that the results will be available before final advice is provided to 
the Minister. Stakeholders will have an opportunity to review the research results before they are 
included in the final advice, through the aquatic environment working group (AEWG) process.  

 

 

                                                 
2
 M.H. Smith. “Recent strike rates for New Zealand sea lions in the SQU6T fishery”. NIWA July 2007. 
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11 MFish intends to implement, in conjunction with the Deepwater Group Ltd (DWG), a 
similar monitoring and reporting regime for the 2009-10 fishing year to the one that was in place 
during the 2008-09 season. 

Structure of this paper 

12 This IPP consists of the following parts: 

a) Part 1: Summary of proposed management measures and background information. 

b) Part 2: The Fishing-Related Mortality Limit (FRML). 

c) Part 3: Assessing performance against the FRML. 

d) Part 4: Monitoring and reporting requirements. 

e) Part 5: Statutory considerations. 

PART ONE: SUMMARY OF PROPOSED MANAGEMENT MEASURES  
AND BACKGROUND INFORMATION 

Summary of proposed management measures 

13 MFish is proposing the following measures for the SQU6T fishery for the 2009-10 fishing 
season.  

a) Implement an operational plan for the 2009-10 fishing season. 

b) Set an FRML for the coming season based on one of the harvest control rules set out 
in Table 1 below. MFish’s preference is that an FRML is selected from one of the 
rules in the shaded area. However, the Minister may set the FRML for the 2009-10 
fishing year at any level he considers appropriate. 

c) Use a predetermined strike rate of 5.65%. 

d) Use a discount rate of 35% for vessels deploying an approved SLED and where the 
requirements of the operating plan are fully met. 

e) Advise the Minister that he may close the SQU6T fishery under s 15(5) of the 
Fisheries Act 1996 in the event the FRML is reached.  
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Table 1: FRMLs for the 2009-10 SQU6T fishing season for each of the harvest control rules that met the 

management criteria using the Rule 3 Series and the Base Case operating model that assumes a 35% discount 

rate (the shaded section refers to those rules that MFish is considering recommending to the Minister). 

Rule 
Estimated FRMLs 
(numbers rounded) 

Rule 0 0 

Rule 305 24 

Rule 310 47 

Rule 311 52 

Rule 312 57 

Rule 313 62 

Rule 314 66 

Rule 315 71 

Rule 316 76 

Rule 317 81 

Rule 318 85 

Rule 319 90 

 

Background information 

14 The foraging range of sea lions that inhabit the Auckland Islands overlaps with the fishing 
grounds of the SQU6T fishery and leads to the incidental capture of sea lions by vessels trawling 
for squid. 

15 The New Zealand sea lion is currently listed as a threatened species under s 2(3) of the 
Marine Mammals Protection Act 1978. Sea lions are listed by the Department of Conservation 
(DoC) as Range Restricted on the basis of the small number of breeding colonies; however, this 
classification is currently under review. The New Zealand sea lion was re-classified last year by the 
International Union for Conservation of Nature (IUCN) as being vulnerable due to population 
decline rather than the initial classification which stated that it was vulnerable due to a small or 
restricted population size.3 

16 Pup production from the Auckland Islands is used to estimate sea lion population size for 
that region. Pup counts over the last 10 years show a declining trend and the 2009 pup count was 
significantly lower than that of any other year. The reason for the recent sharp decline in pup 
numbers is not known. 

17 In the absence of a Population Management Plan (PMP), which is the case for sea lions, the 
Minister may take such measures as he considers necessary to avoid, remedy, or mitigate the effect 
of fishing-related mortality on sea lions. Section 15(2) allows the Minister to manage the fishing-
related mortality of marine mammals by setting an FRML and the Minister must consult with the 
Minister of Conservation before taking such measures. 

 

                                                 
3 The IUCN is the world’s largest conservation network. It consists of 90 states, 120 government agencies and more 
than 900 NGOs. 
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18 In making this decision under s 15(2) the Minister is required to: 

a) Consider the purpose of the Act and the need to provide for utilisation while 
ensuring sustainability. 

b) Take into account the information principles in s 10 which require that: 

i) “decisions should be based on the best available information: 

ii) decision makers should consider any uncertainty in the information available 

in any case: 

iii) decision makers should be cautious when information is uncertain, 

unreliable, or inadequate: 

iv) the absence of, or uncertainty in, any information should not be used as a 

reason for postponing or failing to take any measure to achieve the purpose 

of this Act.” 

c) Take measures under s 15(2) that he considers are necessary to avoid, remedy or 
mitigate the effects of fishing-related mortality on any protected species.  

d) Take into account the environmental principles set out in s 9 of the Act: 

i) Associated or dependent species should be maintained above a level that 
ensures their long-term viability; 

ii) Biological diversity of the aquatic environment should be maintained; 

iii) Habitat of particular significance for fisheries management should be 
protected.  

e) Take into account the requirements set out in s 11 of the Act. 

f) Consider that the New Zealand sea lion is a protected species under the Marine 
Mammals Protection Act 1978. 

g) Note that the FRML, the predetermined strike rate and the SLED discount factor are 
individual and separate components of the management decision.  

19 In giving effect to his statutory obligations the Minister should also be particularly mindful 
of: 

a) The impact the abundance of squid in any particular fishing season has on the 
likelihood of the FRML being reached 

b) The uncertainties that surround setting the predetermined strike rate 

c) The uncertainties that surround the level of sea lion survival after they escape from 
the trawl net through the SLED. 

Population management plan 

20 As noted above, the Minister of Fisheries is permitted to set an FRML in the absence of a 
PMP for sea lions. DoC released a draft PMP for consultation in 2007; however, DoC has recently 
announced that it does not intend to continue developing a PMP at this time. Consequently, the 
Ministry of Fisheries will continue to manage interactions between sea lions and the SQU6T 
fishery through the annual Operational Plan.  
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21 DoC has recently released the New Zealand sea lion species management plan: 2009-2014 

(SMP). The SMP provides a strategic framework to guide the Department of Conservation in 

managing the recovery of the New Zealand sea lion to non-threatened status. The aim of the SMP 

is: “To make significant progress in facilitating an increase in the New Zealand sea lion population 

size and distribution.” 

PART TWO: FISHING-RELATED MORTALITY LIMIT (FRML) 

22 This Part discusses the options for setting the FRML for the 2009-10 fishing year and how 
those options were derived from the population model. It includes the rationale for the management 
approach, an assessment of management options, a discussion of the sensitivity trials, information 
on the utilisation of the SQU6T fishery and the options for the FRML for the 2009-10 fishing year. 

Rationale for management approach 

23 In the past the model has not been used in the way it was originally intended. Assessing the 

ability of harvest control rules to meet the management criteria is based on the application of a 

particular rule for 100 years. The model’s original purpose was to predict the likely management 

outcomes of a range of harvest control rules applied consistently over 100 years. The expectation is 

that a rule is selected and the annual FRML is set using that rule. However, this is not how the 

model has been used; rather an FRML is selected on an annual basis irrespective of the rule that is 

used to generate it. It is not possible to assess how using the model in this way, changing the rules 

from year to year, will affect the model outputs. MFish acknowledges that it would be desirable to 

use the population model as it was originally intended—selecting a specific rule and applying it for 

an agreed period (possibly five years). 

Fishing-related mortality limit 

24 The FRML sets a limit on the number of sea lions that can be caught annually as bycatch in 
the SQU6T fishery.  

25 Since the 2003-04 fishing season the population model has been used to derive an 
appropriate FRML. The population model allows the impact of different levels of sea lion mortality 
to be examined, both in terms of the biological effect on the sea lion population and the potential 
fishing opportunities foregone as a result of constraining fishers from catching the squid Total 
Allowable Commercial Catch (TACC). 

Management criteria 

26 The population model assesses the range of harvest control rules against the following 
MFish criteria:

4
 

a) A harvest control rule must provide for an increase in the sea lion population to more 
than 90% of carrying capacity, or to within 10% of the proportion of carrying 
capacity that would have been attained in the absence of fishing, and that these 
levels must be attained with 90% certainty, over 20-year and 100-year projections.  

                                                 
4
 These management criteria were developed and approved in 2003 by a Technical Working Group (TWG) comprised 

of MFish, Department of Conservation, squid industry representatives, and environmental groups. MFish considers 

that these management criteria best describe what is necessary in terms of s 15(2). 
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b) A harvest control rule must attain a mean number of mature mammals that exceeded 
90% of carrying capacity in the second 50 years of 100-year projection runs (to 
allow for build up of numbers in hypothetical depleted populations over time). 

The Breen-Fu-Gilbert population model 

27 The population model was comprehensively reviewed and updated for the 2008-09 SQU6T 
season and details of that update are available in the Final Advice Paper sent to the Minister in 

2008.
5
 The model was further modified in 2009 to fit the most recent pup counts and pup mortality 

data and to use the bycatch and fishing estimates from the 2009 season. The model was also 

modified to allow the projections of sea lion survival and pupping rate to vary more widely that in 

the previous model. This was done in an attempt to provide sufficient flexibility in the model to fit 

the recent low pup counts and to describe better the model’s sensitivity. 

28 However, there remains uncertainty around some key areas and as part of the most recent 

update of the model, sensitivity trials were conducted to address the following areas of uncertainty: 

a) The maximum rate of population growth. 

b) How pup survival responds to population size. 

c) The maximum pupping rate. 

d) Extent of sea lion survivability following interaction with squid trawl gear that has 
SLED fitted.  

29 The model is used to assess two series of rules. The first is the Rule 3 series that uses the 
mean pup count from the last two years to determine the various harvest control rules that meet 
both the agreed management criteria. From these harvest control rules, FRMLs are generated which 
vary annually as pup counts vary. The Rule 2 series generates fixed FRMLs that do not rely on 
estimating the pup numbers each year.  These Rules are each discussed in more detail below. In 

addition, Rule 0 is also available for the Minister’s consideration. This Rule permits no fishing and 

is the most conservative of all the harvest control rules available. 

Rule 3 Series 

30 The Minister is recommended to consider the harvest control rules that meet both the MFish 

criteria. The range of harvest control rules are essentially points on a continuum between utilisation 
and sustainability. Higher numbered harvest control rules provide for more utilisation while 
lowered numbered rules favour sustainability. A brief summary of the Rule 3 series that meet the 
management criteria is set out below: 

a) Rule 3 variants (which consider the pup count information from the last two fishing 
seasons): 

i) Rule 310, is an analogue of the New Zealand Potential Biological Removal 
Rule (colloquially known as the New Zealand Wade Rule); 

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

                                                 
5
 This paper is available from the Ministry of Fisheries website under Consultations/Completed consultations and final 

decisions/Consultations from 2008: www.fish.govt.nz. 



 Page 8 of 35  

 

iii) Rules 315 and 319 giving FRMLs that are 1.5 and 1.9 times respectively the 

FRML of Rule 310. 

31 Table 2 below sets out the performance of a range of Rule 3 series harvest control rules, 

over a 100 year period, against the MFish management criteria and a series of fishery indicators. 

This is based on a strike rate and SLED discount rate at their current values of 5.65% and 35% 

respectively.  

32 Rules 0, 305, 310 and 315 met both MFish Criteria. Rule 320 met MFish Criterion 1 and 

just failed to meet MFish Criterion 2 (89.8%); MFish Criterion 2 was just met by Rule 319.
6
 Table 

2 shows that some indicators, such as maximum sea lion catch and mean sea lion catch, increase as 

the rule multiplier increases, while the indicators around fishery closure and lost fishing effort 

decrease as the rule multiplier gets higher. Rules within the increments provided are still available 

for the Minister to consider and the performance of these rules can be inferred from Table 2. For 

example Rule 317 will exhibit characteristics between Rule 315 and Rule 319.  

Table 2: Results of Harvest Control Rules (Rule 3 series) against the MFish management criteria using the 

current strike rate and SLED discount rate. 

Indicators Rule 0 305 310 311 315 319 320 330 

MFish Criterion 1 100 100 99.99 99.96 99.08 96.58 95.74 87.95 

MFish Criterion 2 0.949 0.933 0.918 0.916 0.907 0.900 0.898 0.889 

Max catch 0.0 78.3 143.0 154.8 199.2 237.3 246.3 310.8 

Mean catch 0.0 30.8 56.3 60.4 73.8 83.3 85.3 97.0 

Mean FRML 0.0 30.56 60.18 66.02 89.21 112.22 117.94 175.17 

Min FRML 0.0 18.52 36.83 40.44 54.80 69.06 72.63 107.99 

Max FRML 0.0 47.72 93.63 102.68 138.60 174.18 183.05 271.97 

% Closure 100 92 74 69 52 38 35 14 

Effort lost 2737 1932 1260 1149 781 516 463 128 

Pup min 1257 1248 1237 1235 1225 1217 1215 1203 

Pup max 4319 4230 5141 4138 4096 4064 4058 4017 

Pup range 3075 2990 2921 2910 2874 2852 2847 2820 

 

33 To help interpret Table 2 the following provides an explanation of the numbers relating to 

Rule 315: 

a) MFish Criterion 1: 99.08% of the time, the modelled population was either greater 
than 90% of carrying capacity or greater than the threshold of 90% of the level in the 
absence of fishing, based on a set of 100 year runs. A harvest control rule would 
meet the management criterion with a value greater than the threshold of 90%. 

b) MFish Criterion 2: The mean number of mature sea lions in the second 50-year 
period of a set of 100 year runs was 90.7% of carrying capacity. A harvest control 
rule would meet the management criterion with a value greater than the threshold of 
90%. 

                                                 
6
 This level of detail was not available in the draft report of Dr Paul Breen but has since been provided by Dr Breen and 

is included in the Table 2. The point at which both criteria are just met has been referred to in the past as the “cusp 

rule”. The cusp rule for this season is Rule 319 (FRML 90). 
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c) Max Catch: The median of the posterior distribution of the maximum sea lion 
bycatch over the set of 100-year runs when the FRML was set by Rule 315 was 199 
sea lions. 

d) Mean Catch: The median annual bycatch over the set of 100-year runs when the 
FRML was set by Rule 315 was 74 sea lions. 

e) Mean/Min/Max FRML: When Rule 315 was used to produce the FRML in a set of 
100-year runs, the median mean FRML was 89 sea lions; the median minimum 
FRML was 55 sea lions and the median maximum FRML was 139 sea lions. The 
FRML generated using the latest pup numbers is 71. 

f) Effort lost: The median annual number of tows forgone by the fishery when the 
FRML was set using Rule 315 was 781.  

g) Early closure: The median percentage of seasons closed early when the FRML was 
set using Rule 315 was 52%. 

h) Pupping: When Rule 315 is used to set the FRML, the median minimum number of 
pup births in a set of 100 year runs was 1,225; the median maximum number of pup 
births is a set of 100 year runs was 4,096 pups.  

34 The FRML calculated from each of the individual harvest control rules is expected to vary 

from year to year because the key model input, the average of the previous two year’s pup 

production numbers, will vary annually. As the pup numbers increase or decrease the FRMLs 

derived from each harvest control rule will also increase or decrease.  

Rule 2 Series 

35 Rule 2 allows fixed FRMLs to be generated and does not rely on estimating the pup 

numbers each year. As was done for Rule 3, Rule 2 was assessed against the management criteria. 

Table 3 below sets out the performance of a range of Rule 2 series harvest control rules against the 

MFish management criteria and a series of fishery indicators, over a 100 year period; the model 

assumes that the strike rate and SLED discount rate remain at their current values of 5.65% and 

35% respectively. The explanations of the indicators in Table 3 are the same as those described 

above for Table 2. 
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Table 3: Results of Harvest Control Rules (Rule 2 series) against the MFish management criteria using the 

current strike rate and SLED discount rate. 

Indicators Rule 2 Rule 2 Rule 2 Rule 2 

FRML 50 100 106 150 

MFish Criteria 1 99.92 95.66 94.73 88.07 

MFish Criteria 2 0.922 0.902 0.900 0.890 

Max catch 100.7 187.5 197.9 266.0 

Mean catch 48.3 79.2 81.7 94.5 

Mean FRML 50 100 106 150 

Min FRML 50 100 106 150 

Max FRML 50 100 106 150 

% Closure 83 41 41 20 

Effort lost 1456 618 551 193 

Pup min 1236 1216 1214 1202 

Pup max 4175 4080 4074 4031 

Pup range 2953 2866 2860 2831 

 

36 Rule 2 meets both MFish Criteria at an FRML of 106 sea lions. Further detail of the FRMLs 

that just meet the MFish criteria is provided in Table 5. 

37 In previous years, the Rule 3 series has been used to set the FRML each season. Given the 

fluctuation in pup numbers over recent years, and decline observed this year, MFish has an initial 

preference to continue using Rule 3 to derive the FRML for the 2009-10 fishing year as it takes this 

information into account. Despite this initial preference, model results for Rule 2 are discussed as 

they are available to the Minister as the basis for selecting an FRML of up to 106 sea lions and 

provide some indication of the range of FRMLs that meet the agreed management criteria and so 

are available for the Minister’s consideration. 

Assessment of model results and uncertainty 

38 The following section explains the results of the population model and some of the 
associated uncertainty. Sensitivity trials are used to examine the effect of this uncertainty on the 

model outputs; this is also discussed.
7
 

39 The updated population model determines the point at which a harvest control rule just 

meets MFish management criteria. To make this assessment all harvest control rules were assessed 

against a base case operating model with four assumptions about the discount rate; referred to as 

the four Base Cases discussed below.
8
 

40 MFish notes that information was not available that would have allowed the AEWG to 

select a preferred Base Case and therefore the results of all four Base Cases will be presented to the 

Minister for his consideration to demonstrate the effect of the uncertainty associated with the 

discount rate. However, MFish notes that the Minister selected a discount rate of 35% for the 2007-

08 and 2008-09 SQU6T seasons based on assessments of the best available information on the use 

                                                 
7
 Relevant minutes from the AEWG meeting that discussed the model are included in full in Appendix 3. 
8
 Paul A. Breen. Sea lion model projections and rule evaluations for Project IPA2008/14, Objective 1, July 2009 (Draft 

Report). 
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of SLEDs and likely sea lion survivability. MFish considers that the discount rate should remain at 

35% for the 2009-10 fishing year. Consequently, MFish considers that it is most appropriate for the 

Minister to consider the harvest control rules that meet the management criteria when they are 

assessed against the 35% Base Case. 

41 MFish considers that while the 35% Base Case reflects the current discount rate, the actual 

discount rate (and assumed survival of sea lions encountering trawls with SLEDs) may be higher or 

lower than 35%. If the actual discount rate is higher, but the 35% Base Case is used as the basis to 

derive the harvest control rules, and in turn the FRMLs that meet the management criteria, then less 

fishing effort (in the form of fewer tows) would be provided for. This may result in the loss of 

utilisation opportunities in the fishery. Conversely, if the actual discount rate is lower, but the 35% 

Base Case is retained; this may result in greater fishing effort in the form of more tows 

occurring than should be permitted. This could have an impact on the sustainability of the sea lion 

population and may mean that the harvest control rule and therefore the FRML did not meet the 

management criteria. A summary of the relationship between harvest control rules and the 

permitted number of tows is provided in later in the paper in Table 8. 

42 The population model uses a range of information about the biology of sea lions, the sea 
lion population and the interactions between sea lions and trawl gear to determine the harvest 

control rules that meet the management criteria. There remains some uncertainty about some of the 

information that is used in the model. Sensitivity trials are used to address some of the outstanding 

uncertainty by providing information about how the model responds to variations in the data used 

in the model.  

43 A range of sensitivity trials was identified by both Dr Paul Breen and the AEWG. A total of 

five trials were undertaken that relate to the following three areas of uncertainty and these 

sensitivity trials were run against both the Rule 3 Series and Rule 2 Series and both are discussed in 

the following sections:  

a) The maximum rate of population growth (lambda or RMAX) – Trials 1 and 2 

b) Density-dependence: how pup survival responds to populations size (z) – Trials 3 and 4 

c) Maximum pupping rate (R0) – Trial 5 

44 These trials assess the effect on the model outputs if current assumptions are not reflecting 

the actual sea lion population. The purpose of these sensitivity trials is to explore the effect of the 

remaining areas of uncertainty about the ability of the harvest control rules to meet the management 

criteria. The Minister is not required to choose a harvest control rule and hence an FRML based on 

the result of the most optimistic or conservative sensitivity trial, rather these provide some 

indication of the uncertainty and an indication of what is likely to happen under different 

management settings if model assumptions are wrong. The sensitivity trials are described in more 

detail in Appendix 2. 

45 Finally, in order to address the continued uncertainty associated with the population model 
assessments, particularly around the sensitivity trials, MFish is proposing to present the Minister 

with harvest control rules at the more conservative end of the continuum (Table 1). However, as 

stated, MFish’s initial view is that the FRML is most appropriately set by applying a harvest 
control rule from the Rule 3 Series that results in an FRML within the range of 52-90 sea lions. 
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Rule 3 Series model results9 

46 When assessed against MFish’s preferred 35% Base Case the highest harvest control rule 

that met both MFish criteria was Rule 319 which generated an FRML of 90. 

47 If the current assumption of a 35% discount rate is incorrect, this may result in higher or 

lower harvest control rules meeting the management criteria. This is reflected in the three further 

Base Cases described below: 

a) The 0% Base Case uses a SLED discount rate of 0% rather than the current SLED 
discount rate of 35%. When assessed against the 0% Base Case the highest harvest 
control rule that meets both MFish Criteria is Rule 315 (FRML 71) (see Table 4 
below). 

b) The 20% Base Case uses a SLED discount rate of 20% rather than the current SLED 
discount rate of 35%. When assessed against the 20% Base Case the highest harvest 
control rule that meets both MFish Criteria is Rule 317 (FRML 81) (see Table 4 
below). 

c) The 50% Base Case uses a SLED discount rate of 50% rather than the current SLED 
discount rate of 35%. When assessed against the 50% Base Case both MFish criteria 
were met with unrestricted fishing. This means that an FRML would not be required 
in order to meet the MFish management criteria. 

48 Table 4 below indicates the harvest control rule that just meets the agreed management 

criteria for each of these sensitivity trials. For example, using the 35% Base Case and sensitivity 

trial 1, the highest Rule that just meets both MFish Criteria is Rule 313 and this has a 

corresponding FRML of 62 sea lions.
10
 Using a Base Case other than the 35% Base Case would 

result in different Rules meeting the management criteria and therefore different FRMLs. When 

that same sensitivity trial is assessed against the 20% and 50% Base Cases, the Rules that just meet 

both MFish criteria are Rule 312 (FRML 57) and Rule 315 (FRML 71) respectively.  

49 Sensitivity trial 2 did not meet the management criteria at any point. Based on the 

assumptions associated with this sensitivity trial, even with no fishing, the sea lion population 

would go extinct. Dr Paul Breen considers this is very unlikely given the population’s significant 

reduction due to sealing in the early nineteenth century
11
 from which it has subsequently rebounded 

to a stable higher level.
12
 Consequently, MFish questions the credibility of this sensitivity for both 

the Rule 3 series and for the Rule 2 Series.  

                                                 
9
 Paul A. Breen, Dan Fu, David J Gilbert. Sea lion population model projections and rule evaluations for Project 

IPA2006/09, Objective 4, July 2008 (Draft Report). 
10
 Dr Paul Breen reported results from a fixed range of rules in Table 16 of his report to the AEWG on 17 July 2009. 
MFish subsequently requested Dr Breen to provide interpolations to determine more accurately the point at which 

each sensitivity met the relevant management criterion. For convenience the FRMLs presented in Table 4 are based 

on the multiplier after rounding to one decimal place. For example, using the 35% Base Case and sensitivity trial 1, 

the multiplier that just meets MFish Criterion 2 is 1.27, this has been rounded to 1.3 or Rule 313 and the FRML 

calculated based on that multiplier. The interpolated rules that just meet the management criteria are provided in 

Appendix 4. 
11
 Childerhouse, S. and Gales, N. 1998. Historical and modern distribution and abundance of the New Zealand sea lion 

Phocarctos hookeri. New Zealand Journal of Marine and Freshwater Research, 25:1-16. 
12
 Above note 8, at p 14. 
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Table 4: The Series 3 Rules and associated FRMLs for 2009-10 that just meet both management criteria. Double 

plus signs indicate that the criteria were met under unrestrained fishing (i.e. no FRML is required). Double 

minus signs indicate that the criteria were not met, even in the absence of fishing.  

35 % Base Case 0% Base Case 20 % Base Case 50% Base Case 
 

Rule  FRML Rule  FRML Rule  FRML Rule  FRML 

Base Case 319 90 315 71 317 81 ++ ++ 

Sens 1 λ prior 5% 313 62 312 57 312 57 315 71 

Sens 2 λ prior uniform -- -- -- -- -- -- -- -- 

Sens 3 fixed z=2 311 52 310 47 310 47 312 57 

Sens 4 fixed z=4 323 109 317 81 319 90 ++ ++ 

Sens 5 fixed R0=0.315 319 90 316 76 317 81 ++ ++ 

 

Rule 2 Series model results 

50 Rule 2 calculates a fixed FRML; it does not rely on estimating the pup numbers each year. 

Although described as a constant FRML Rule which should stay the same for up to five years, this 

does not imply a constant bycatch; the bycatch would be expected to reduce if the population 

decreased outside the parameters of the model. 

51 As for Rule 3 above, four Base Cases were used to assess the Rule 2 family against the 

MFish management criteria. When assessed against the preferred 35% Base Case, an FRML of 106 

meets both MFish criteria. These Base Cases were also assessed against the same range of 

sensitivity trials. The FRML that meets the management criteria changes when assessed against the 

sensitivity trials described in Table 5.  

52 Despite MFish’s initial preference to use Rule 3, model results for Rule 2 are discussed as 

they are available to the Minister as the basis for setting an FRML of up to 106 sea lions and 

provide some indication of the available flexibility provided by the population model. 

Table 5: The FRMLs derived from Rule 2 that that just meet both management criteria. Double plus signs 

indicate that the criteria were met under unrestrained fishing (i.e. no FRML is required). Double minus signs 

indicate that the criteria were not met, even in the absence of fishing.  

35% Base Case 0% Base Case 20% Base Case 50% Base Case 
 

FRML  FRML  FRML FRML 

Base Case 106 87 93 ++ 

Sens 1 λ prior 5% 71 66 68 84 

Sens 2 λ prior uniform -- -- -- -- 

Sens 3 fixed z=2 61 57 59 68 

Sens 4 fixed z=4 124 97 105 ++ 

Sens 5 fixed R0=0.315 108 88 94 ++ 
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Other sources of uncertainty 

53 The AEWG recognised that in addition to the uncertainty investigated in the sensitivity 

trials above, other areas of uncertainty also exist. This uncertainty can be grouped into three 

categories: general uncertainty about the model, sea lion pup production numbers and uncertainty 

about the biology and survivability of sea lions. 

Model uncertainty 

54 Some of the uncertainty associated with the model results in the model selecting lower 

numbered harvest control rules; while other uncertainty results in the model selecting higher 

numbered harvest control rules. The AEWG provided a list of caveats as follows (see Appendix 3): 

a) The model cannot fit the large decline in pup counts between 2008 and 2009, 
although it does allow pup counts in the future that are lower than those observed in 
2009. This may make the model results optimistic if the short term decline 
continues. This would mean that higher numbered rules and higher FRMLs will be 
judged to meet the criteria than would otherwise be the case. 

b) The background by-catch excludes the small number of sea lions caught east of 
Campbell Island in the southern blue whiting fishery. These animals may have come 
from the Auckland Islands and, if so, the model predictions will be optimistic and 
higher numbered rules and higher FRMLs will be judged to meet the criteria than 
would otherwise be the case.  

c) In the absence of fishing, the model population consistently stabilises at a level 
below the population’s carrying capacity K. For most of the sensitivity trials, the 
stable level is approximately 95% of K. This makes it more likely that model runs 
will fall below 90% K and therefore fail MFish Criterion 2 (which requires that the 
harvest control rule must attain a mean number of mature mammals that exceeded 
90% of K in the second 50 years of 100-year projection runs). This introduces a 
conservative bias into the model.  

d) If there is an increasing trend in sea lion catchability13 over time, which appears to 
be the case in recent years, or if catchability increases in the future, the current 
modelling will select higher harvest control rules. However, if there is a decreasing 
trend in catchability the opposite is true and the model will select lower harvest 
control rules. 

e) If the assumptions about attempted fishing effort in SQU6T are wrong and more 
effort is attempted in the future than the model assumes, then the modelling 
predictions will select higher harvest control rules. However, if less effort is 
attempted the opposite is true and the model predictions will select lower harvest 
control rules. 

f) Tag loss by sea lions may have a small effect on estimates of survival. 

g) There is some uncertainty about the maximum pupping rate. Sensitivity trial 5 used a 

                                                 
13
 Catchability is defined as the sea lion strike rate divided by the number of vulnerable sea lions or the proportion of 
the vulnerable population caught by a single tow. Catchability varies from year to year and is difficult to estimate 
given that in recent years most, if not all, tows have occurred with SLEDs fitted to the gear. 



 Page 15 of 35  

 

value of 0.315 (no more than 63% of females produce a pup in a year); however, 
directed research suggests a lower value of about 0.27 (no more than 54% of females 
produce a pup in a year) may better reflect the real maximum pupping rate. The use 
of a higher value in the sensitivity run makes those model predictions optimistic and 
higher numbered rules and higher FRMLs will be judged to meet the criteria than 
would otherwise be the case. 

Sea lion pup production numbers 

55 Pup production from the Auckland Islands is used to estimate sea lion population size for 
that region. Table 6 below details the pup production estimates from 1995–2009. The 2009 pup 
count was significantly lower than that of any other year. MFish and DoC convened a workshop in 
May 2009 to discuss the possible causes for this decline. Among the possible causes of the decline 
discussed were predation, pollution, dispersal or absence of sea lions from the Auckland Islands as 
opposed to mortality, bacterial infection, climate change and the direct and indirect effects of 
fishing.  

56 The cause of the decline is not yet known, however there is no information to determine 
whether fluctuations in sea lion pup numbers are the direct result of fishing activity. Because the 
reason(s) for the decline in pup numbers is unknown, the AEWG could not conclude with certainty 
how to incorporate the falling pup numbers into a revised model. Three options were considered: 

a) Increasing stochasticity. This means the model allowed the projections of survival 
and pupping rate to vary more widely that in the previous model. This approach is 
based on the theory that pup numbers are fluctuating naturally, but to a greater extent 
than previously considered to be the case. 

b) Catastrophic event. This approach is based on the theory that decreases in pup 
numbers, particularly between 2008 and 2009, were due to an unusual event. 

c) Population behaving differently. This approach is based on the theory that the 
population dynamics have changed to a different state than they were prior to the 
decline. 

57 The AEWG decided to increase the stochasticity in the model. However, there remains 
uncertainty around whether recent declines are instead due to a catastrophic event, or whether the 
population is no longer behaving as the model predicts. 

58 FRMLs calculated from the various harvest control rules based on the Rule 3 series take 

into account pup production in the two most recent years and the current pup numbers are within 
the bounds of the population model. Therefore the recent pup count decrease is reflected in the 
FRMLs calculated for the 2009-10 season. 
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Table 6. Pup production estimates from the Auckland Islands rookeries combined, 1995-2009 (Source: 

Department of Conservation).  

Year 
Pup 

numbers 

1995 2518 

1996 2685 

1997 2975 

1998 3021 

1999 2867 

2000 2856 

2001 2859 

2002 2282 

2003 2518 

2004 2515 

2005 2148 

2006 2089 

2007 2224 

2008 2175 

2009 1501 

 

Uncertainty around the biology and survivability of sea lions 

59 There are also concerns about the status of the sea lion population particularly given that: 

a) The majority of the sea lion captures returned in recent years for necropsy have been 
females and the implications this has on the survivability of pups already born and 
future pup numbers should be considered – some of the female sea lions caught have 
also been in the early stages of pregnancy. MFish notes that the updated population 
model does factor in the implications on pup survivability for those pups whose 
mothers have a fatal interaction with squid trawl gear. 

b) Recent work by NIWA suggests that the Auckland Islands sea lion population is less 
productive than previously thought. MFish can confirm that this information has 
been factored into the population model, although the population model cannot 
reproduce the low maximum pupping rate estimated by Gilbert & Chilvers.14 

c) There is also the concern that the population is subject to severe mortality events due 
to epidemics caused by bacterial infections. Three such mortality events were 
recorded between 1992-93 and 2004-05 when higher than usual numbers of both 
adult sea lions and sea lion pups died as a result of disease outbreaks. 

60 There are also concerns about the survival chances for a sea lion that gets caught in squid 

fishing gear even after it escapes out through the SLED. This issue is discussed in more detail in the 

section on the SLED discount rate. 

61 MFish notes that the above factors are not directly attributable to fishing effort but that the 

Minister may bear in mind these issues when selecting a harvest control rule and hence setting an 

FRML for the coming fishing year. 

                                                 
14
 D.J. Gilbert & B.L. Chilvers: Pupping rate estimates for New Zealand sea lions. NIWA Client Report WLG 2008-35 

May 2008. 
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FRML for the 2009-10 fishing year 

62 Choosing a harvest control rule requires that the Minister balance the results and analysis 

from the population model with the level of uncertainty that still exists around the population model 
and the need to provide for utilisation of the squid resource. 

63 Section 15 of the Act only permits the Minister to take such measures that he considers are 

necessary to avoid, remedy or mitigate the effect of fishing on the sea lion population. The Minister 

should 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 and allow utilisation of squid up to 

that point. However, there is uncertainty about where this point rests and the Minister is required to 

consider section 10 of the Act which requires that he take into account the principle that decision 

makers should be cautious, both in terms of utilisation and sustainability, when information is 

uncertain. As such, the Minister is not required to select a harvest control rule that removes all the 

potential risk to the sea lion population.  

64 The Minister may take into account other possible impacts on the sea lion population when 

selecting a harvest control rule (e.g. natural disease events or other anthropogenic events such as an 

oil spill). However, he is not permitted to set an FRML to avoid, remedy or mitigate the effects of 

any non-fishing activity on the sea lion population.  

Utilisation 

65 In choosing a harvest control rule and hence an FRML for the 2009-10 fishing year, the 

Minister must assess the likely impact of his decision on squid utilisation opportunities. As noted in 

previous advice papers it is difficult to assess the potential lost utilisation associated with the 

harvest control rules for the following reasons:  

a) The availability of squid varies from fishing season to fishing season, which 
influences the number of tows undertaken and the amount of squid caught. During 
the 2008-09 SQU6T season vessels remained fishing long after the traditional end of 
the season. 

b) Fishing effort is influenced by the market price and the global market price is 
influenced by the size and quality of squid, and the global availability and demand 
for squid. Market prices are currently high relative to recent seasons, this high price 
was likely a factor in this year’s SQU6T season continuing for longer than normal.  

66 Squid continues to be one of the main export earners for the seafood industry. In 2008 the 
total export value for squid was $71 million; this is down on 2007 earnings of $85 million. These 
figures relate to exports from the entire squid fishery and it is not possible to determine how much 
of this export value has come from squid harvested in SQU6T. However, based on data at the time 
of writing, about 60% of the reported total squid landings from the 2008/09 fishing year were from 
SQU6T. In addition, squid harvested from SQU6T is typically larger and commands a higher price.  

67 MFish notes that the FRML imposes a theoretical cap on utilisation which may result in lost 
revenue, however estimating potential lost utilisation opportunities in terms of tows forgone and 
landed value of squid using the export price is simplistic and fails to take into account other 
relevant factors: 

a) Fluctuations in squid abundance mean that in many years it would not have been 
possible to catch the full TACC, even without the constraints of an FRML. Equally 
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in years of good abundance the TACC may act as the limit in the fishery, not the 
FRML although MFish does note that fishers have the option to seek an in-season 
TACC increase under s 14(6), as squid is listed on the Third Schedule to the Act.  

b) The use of export price to determine squid value is problematic and is likely to 
provide conservative estimates of lost revenue. 

c) The fixed and variable costs associated with fishing activity.  

68 The Minister will be advised that if he chooses a harvest control rule that generates an 
FRML from the lower end of the range of harvest control rules available this is likely to constrain 
fishing activity and may reduce both export earnings and the direct value of the fishery to industry, 
particularly if squid abundance is good.  

The FRML 

69 MFish acknowledges that there is still uncertainty associated with the population model and 
for this reason the range of rules available for the Minister’s consideration will include more 

conservative rules (Rule 0 to Rule 310). Although included, MFish is not currently considering 

recommending these rules to the Minister as they are likely to unnecessarily constrain utilisation of 

the SQU6T fishery. The median percentage of seasons closed early if the FRML is set using Rules 

305 and 310 is 92% and 74% respectively (Table 2). 

70 Based on the population model, using Rule 3 and the assumption of a 35% discount rate, 
MFish is proposing that 12 harvest control rules ranging from Rule 0 (no fishing) to Rule 319 

(FRML 90) are presented to the Minister for his consideration (Table 7 below—a repeat of Table 1 

for convenience—and Table 8 which shows likely performance of Rules from Rule 0 to Rule 350). 

MFish’s initial view is that it will consider recommending Rules ranging from Rule 311 (FRML 

52) to Rule 319 (FRML 90) as these Rules provide the most appropriate balance between 

sustainability and utilisation.  

71 However, MFish acknowledges that even if the management criteria have been met, the 

Minister is still permitted to act in a more cautious manner and select a lower harvest control rule; 

similarly, the Minister may select a harvest control rule based on the Rule 2 Series that would set an 

FRML up to 106. The appropriate degree of caution is that which the Minister considers necessary 

in the circumstances. 
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Table 7: FRMLs for the 2009-10 SQU6T fishing season for each of the harvest control rules that met the 

management criteria using the Rule 3 Series and the Base Case operating model that assumes a 35% discount 

rate (the shaded section refers to those rules that MFish is considering recommending to the Minister). 

Rule 
Estimated FRMLs 
(numbers rounded) 

Rule 0 0 

Rule 305 24 

Rule 310 47 

Rule 311 52 

Rule 312 57 

Rule 313 62 

Rule 314 66 

Rule 315 71 

Rule 316 76 

Rule 317 81 

Rule 318 85 

Rule 319 90 

 

72 In summary, the reasons for recommending this range are as follows: 

a) As discussed, MFish considers that using the Rule 3 series is preferable to the Rule 2 
series given the recent decline in pup numbers. If Rule 2 was used, an FRML of 106 
just meets both MFish criteria when assessed against the 35% Base Case.  

b) MFish is proposing that the SLED discount rate remains unchanged, at 35%, for the 
coming season. As such, MFish proposes setting the FRML using the 35% Base 
Case which assumes a SLED discount rate of 35%.  

c) Based on last season’s pup counts, when assessed against the 35% Base Case, the 
highest harvest control rule that meets both MFish criteria is Rule 319 (FRML 90). 
The sensitivity trials, summarised in Table 8, provide some measure of the 
uncertainty around some of the key parameters of the model. When the sensitivity 
trials are considered for the 35% Base Case the lowest Rule that meets both the 
management criteria is Rule 311 (FRML 52) and the highest is Rule 323 (FRML 
109). MFish considers that although this range is closer to the cusp rule than in 
previous years, it best represents the range that meets the Minister’s legislative 
obligations.



Table 8: Summary of assessed Rules, FRMLs, and permissible tows under the Ministry’s assumed SLED discount of 35%, plus likely performance of each Rule against the 

agreed management criteria and the likely impact on the fishery if key assumptions (as discussed in the sensitivity trials) are incorrect. 

Rules and management settings 
Likely impact on sea lions: does the FRML (with 35% discount) lead to a number of permissible tows that is at or below that allowed by the 

rule that just meets both MFish criteria using these model assumptions? 
Likely impact on fishery 

Rule 
(assuming 
35% 

discount) 

FRML 
(with 
35% 

discount) 

Permissible 
tows 

(assuming 
all qualify 
for 35% 
discount) 

Base 
model 
assuming 
35% 

discount  

Base 
model 
assuming 
50% 

discount  

Base 
model 
assuming 
20% 

discount  

Base 
model 
assuming 
0% 

discount  

Model 
assuming 
35% and 
weak 
density 

dependence 
(z=2) 

Model 
assuming 
35% and 
strong 
density 

dependence 
(z=4) 

Model 
assuming 
35% and 
5% prior 
on max 
growth 
rate 

Model 
assuming 
20% and 
weak 
density 

dependence 
(z=2) 

Model 
assuming 
20% and 
strong 
density 

dependence 
(z=4) 

Model 
assuming 
20% and 
5% prior 
on max 

growth rate 

Chance 
of 

fishery 
closing 
early 
(FRML 
reached) 

Average 
tows per 
year lost 
over the 
long run 

Estimated 
proportion 
of SQU6T 
fishing 
effort 
foregone 

Rule 0 0 0 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 1.00 2737 100% 

Rule 305 24 654 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 0.92 1932 71% 

Rule 306 28 762 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 0.88 1798 66% 

Rule 307 33 899 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 0.85 1663 61% 

Rule 308 38 1035 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 0.81 1529 56% 

Rule 309 43 1171 Yes Yes Yes Yes Yes Yes Yes No Yes Yes 0.78 1394 51% 

Rule 310 47 1280 Yes Yes Yes Yes Yes Yes Yes No Yes No 0.74 1260 46% 

Rule 311 52 1416 Yes Yes Yes No Yes Yes Yes No Yes No 0.70 1164 43% 

Rule 312 57 1552 Yes Yes Yes No No Yes Yes No Yes No 0.65 1068 39% 

Rule 313 62 1688 Yes Yes Yes No No Yes No No Yes No 0.61 973 36% 

Rule 314 66 1797 Yes Yes No No No Yes No No Yes No 0.56 877 32% 

Rule 315 71 1933 Yes Yes No No No Yes No No Yes No 0.52 781 29% 

Rule 316 76 2069 Yes Yes No No No Yes No No No No 0.49 717 26% 

Rule 317 81 2206 Yes Yes No No No Yes No No No No 0.45 654 24% 

Rule 318 85 2314 Yes Yes No No No Yes No No No No 0.42 590 22% 

Rule 319 90 2451 Yes Yes No No No Yes No No No No 0.38 527 19% 

Rule 320 95 2587 No Yes No No No Yes No No No No 0.35 463 17% 

Rule 321 99 2695 No Yes No No No Yes No No No No 0.33 429 16% 

Rule 322 104 2831 No Yes No No No Yes No No No No 0.31 396 14% 

Rule 323 109 2967 No Yes No No No Yes No No No No 0.29 362 13% 

Rule 330 142 3867 No Yes No No No No No No No No 0.14 128 5% 

Rule 340 189 5146 No Yes No No No No No No No No — — Not estimated — — 

Rule 350 237 6453 No Yes No No No No No No No No 0 0 0% 

 



73 The 2009 model results are consistently less optimistic than the 2008 model and 

consequently a smaller range of Rules meet the management criteria. Using the 2008 model, a 

greater range of Rules met the management criteria and unconstrained fishing met both 

management criteria based on last year’s model and pup count data. There are two possible reasons 

for this change.  

74 First, the model was modified to increase the stochastic noise in survival and pupping rate 

projections, this means the model allowed the projections of survival and pupping rate to vary more 

widely that in the previous model. This additional variability may have allowed the population to 

fall below 90% of where it would have been in the absence of fishing, or 90% K, more often than 

with less variability.  

75 Secondly, fitting to the new pup count data gives a smaller starting population, with more 

chance of being below 90% K. Dr Breen considers that the first explanation is more likely but 

experimentation would be required to confirm this. This increased conservatism in the model does 

however have the effect of increasing the confidence in the FRMLs that meet the management 

criteria. 

76 Depending on the harvest control rule selected by the Minister, fishing effort may be 

constrained which would lead to fewer tows in the fishery and lost revenue. As discussed above, 

MFish does not have sufficient information to estimate the revenue that would be lost from closing 

the SQU6T fishery early but can estimate the number of trawl tows that would be foregone based 

on the application of a given harvest control rule. Rule 311 would result in the SQU6T season 

closing early in 69% of years and would result in an average of 1149 lost tows per year while Rule 

319 would result in the SQU6T season closing early in 38% of years and would result in an average 

of 516 lost tows per year. A constant FRML of 106 derived from Rule 2 would result in early 

closure in 41% of years and an average of 551 lost tows per year. The effect of other Rules can be 

inferred from Tables 2 and 3. 

77 In MFish’s view, setting the FRML from within the range of 52-90 sea lions provides for 

utilisation of the SQU6T fishery while ensuring the sustainability of the sea lion population. MFish 

notes that the FRML associated with each Rule 3 variant is valid only for the 2009-10 fishing year 

as it is based on the 2008 and 2009 pup count numbers. 

PART THREE: ASSESSING PERFORMANCE AGAINST THE FRML 

78 As discussed above, there remains some uncertainty about some aspects of the population 
model. This Part describes that uncertainty in greater detail and outlines recent information and 

ongoing research that will provide additional information to assist in future management of the 

SQU6T fishery. 

Strike rate 

79 Once the FRML has been determined, fishing activity is then monitored against this limit. 
However, the actual number of sea lions that are incidentally caught in squid fishing gear cannot be 
directly recorded due to the use of SLEDs, which are designed to prevent sea lions from getting 
trapped in the trawl cod end by enabling them to escape. 

80 Therefore a proxy for interactions between squid vessels and sea lions is used. This is 
known as the predetermined strike rate (strike rate) and at the start of the 2007-08 SQU6T season it 
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was increased from 5.3% to 5.65%. Applying this strike rate means that for every 100 tows 
undertaken in the squid fishery 5.65 sea lions are presumed killed and counted against the FRML.  

81 MFish proposes to continue to estimate sea lion mortalities using a predetermined strike 
rate. The current strike rate of 5.65% is based on the modelled assessment of the mean strike rate 
for SQU6T vessels for each of the following three fishing seasons; 2003-04, 2004-05 and 2005-06. 
Since 2003 the actual strike rate has not been monitored directly because the use of SLEDs means it 
is not possible to assess the actual number of interactions between squid trawl gear and sea lions 
because sea lions are now able to escape from the net.  

82 Further modelling of the strike rate was undertaken in 2008 which estimated a strike rate of 
5.6% with a 95% confidence interval from 2.7% to 10%. This is very close to the current strike rate 
of 5.65% and well within the estimated confidence interval.15 

83 There remains some uncertainty associated with the modelled strike rate which is likely to 
vary from season to season. In some years it could be above the mean while in other years it is 
likely to be below the mean. This level of variation is not necessarily a problem as long as over 

time the actual average strike rate is close to 5.65%. 

84 For the above reasons, MFish is proposing that the strike rate for the 2009-10 SQU6T 
season remains unchanged at 5.65%. 

SLED Discount Rate  

85 Sea lion exclusion devices (SLEDs) are installed inside trawl nets and allow sea lions to 

escape alive from the net. The ‘discount rate’ refers to the relative survival of sea lions 
encountering a net with a SLED that would have drowned in a net without a SLED. Since the 2003-
04 SQU6T season a discount on the strike rate has been applied to tows where vessels have 
deployed approved SLEDs and where vessel operators have complied with the monitoring and 
reporting requirements set out in the SQU6T Operational Plan. The current discount rate is 35% 
which means that for all eligible tows during the 2008-09 SQU6T fishery the strike rate was 
reduced from 5.65% to 3.67%. 

86 Information on SLED efficacy is incomplete. Two factors influence how effective SLEDs 
are at reducing sea lion mortalities: the escapement rate of individuals from the net through the 

escape hatch following interaction with the trawl, and the survival rate of animals that escape. New 
information is available and further work is being undertaken that would help resolve some of this 
uncertainty; this work is described below. 

87 MFish is not proposing to review the discount rate this year and is proposing that the SLED 
discount rate remains unchanged at 35% for the coming season. Although new information is 
available, MFish believes that it is more appropriate to consider reviewing the discount rate on the 

basis of both the new information and results of the research currently being conducted. MFish 

anticipates that the research currently underway will be available to inform a review of the SLED 

discount rate for the 2010-11 SQU6T season. 

                                                 
15
 Thompson FN and Abraham ER. 2009. Estimation of the capture of New Zealand sea lions (Phocarctos hookeri) in 

trawl fisheries, from 1995-96 to 2006-07. New Zealand Aquatic Environment and Biodiversity Report 2009. 
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New Information from the 2008-09 season 

88 As in previous seasons there is some new information that contributes to an improved 
understanding of the use of SLEDs and the survivability of sea lions. This information includes: 

a) Camera footage of SLEDs in use. 

b) SLED design and specification. 

Camera footage 

89 In the 2007-08 fishing year, footage showed sea lions interacting with fishing gear and the 
SLED hood and scavenging squid caught in the hood mesh. This footage suggested that the animals 
were able to move freely around the fishing gear with little impediment and also led to 
improvements in SLED design by increasing the number of floats on the SLED hood.   

90 Unlike previous years, the camera footage from the 2008-09 season showed animals 
escaping from the trawl net through the SLED. Camera footage clearly shows a sea lion, fur seal 
and large shark actively swimming out of the escape hatch in the top of the trawl net; the fur seal 
appears to pause to remove fish from the hood. On each occasion animals appear to be actively 
swimming and competent. However, the observed escapes occurred under conditions of artificial 
white light which is thought to be an attractant to sea lions and may influence their behaviour. This 
has been demonstrated via field studies on land (pers. comm. Louise Chilvers, Department of 
Conservation sea lion scientist) but is likely to be true underwater. Although it is not known to what 
extent the use of white light may affect sea lion behaviour in or around a trawl net, researchers 
recommend using low intensity or infrared light to minimise these artefacts. 

91 The observed escapes also occurred using midwater trawls fished close to the seabed. MFish 
notes that the use of bottom trawl gear causes bottom sediments to be suspended which obscures 
the escape hatch of the SLED from the camera; as such, observations of sea lion interactions with 
SLEDs have not been made under these conditions.16  

92 For the first time this footage shows a sea lion and a fur seal that were alive and actively 
swimming through the SLED escape hatch. This is only two observations and what subsequently 
happens to sea lions that swim from the net is a possible source of conjecture. However, observing 
sea lions actively swimming from the SLED, and perhaps pausing to feed opportunistically, lends 
weight to the argument that some sea lions suffer no long term adverse effects from interacting with 
a SLED. This footage has been presented to and discussed by the SLED working group on 1 
September 2009.17 This work will also be presented to the AEWG. 

 

 

 

                                                 
16
 Data from the 2008/09 fishing year indicate that bottom trawl gear is used approximately 55% of the time and 
midwater gear is used for the remaining 45%. 

17
 The SLED working group is a discussion forum made up of scientists and managers from MFish and DoC and also 

representatives from NGOs and the commercial fishing industry. The group addresses issues on SLED use and 

efficacy, and possible methods to avoid sea lion captures in the SQU6T fishery. It is not a fisheries management 

decision making forum nor is it a formal science evaluation forum. 
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SLED construction and operation 

93 Through the SLED working group Mr Ulrik Hansen, a fishing gear specialist from 
Denmark, was contracted to investigate various aspects of SLED design and specification.18 Mr 
Hansen made various observations about the construction and operation of SLEDs including the 
position, dimensions and construction of the grid, how the grid is mounted in the net, the position 
of the escape hole, and the form and function of the hood and kite.19 

94 Mr Hansen also discussed the relative approaching speed of the SLED grid compared to the 
vessel speed. He noted that if a vessel is travelling at 4 knots, and is fitted with a SLED at an angle 
of 45 degrees to the direction of the tow, the SLED’s relative approach speed was 2.7 knots rather 
than 4 knots. Slower speeds would lessen the chance of serious injury on impact with the SLED 
grid. 

95 Also discussed was the relative pressure and speed of water inside and outside the net. 
There is a misconception that the trawl net causes a pressure wave which results in water speeds 
being different inside and outside the net. Mr Hansen considers that because the outlet area is so 
much greater than the inlet area there is no pressure differential inside and outside the net and water 
speeds inside and outside the net are the same. 

96 In sum, the study did not identify any major concerns about the current specifications of the 

SLEDs used in the SQU6T fishery. However, various suggestions were made that could be 

investigated to inform future decisions on ways to improve SLED efficacy and design. 

Necropsy data 

97 Four sea lions were reported captured from the SQU6T fishery in 2009, three of these were 

female. Two were reported by vessels carrying MFish observers and two were reported by vessels 

without an MFish observer. Three of the four animals were returned for necropsy. 

98 The necropsy results from the three sea lions captured during the 2009 SQU6T fishery may 

provide some new information about sea lion survivability and SLED efficacy. The results are not 

yet available but should be released in time for the final advice to the Minister. Stakeholders will 

have the opportunity to review the research results through the AEWG process.  

Further Research  

Assessing sea lion survivability 

99 Provisional research by Massey University has indicated that some of the earlier necropsy 

findings that indicated sea lions had received significant trauma (therefore implying a poor 

survivability prognosis) may be due to the effects of freezing on the sea lion carcass rather than 

interaction with the SLED. 

100 Provisional research to investigate the effect that freezing may have on the injuries observed 

during sea lion necropsies has been completed by Massey University and presented to the AEWG. 

This study is focusing on fur seals as it is not possible to return sea lions caught in the squid fishery 

to shore in time for them to be necropsied fresh. Initial results indicate that some lesions originally 

                                                 
18
 Hansen, U.J. 2008. Water flow in trawls in relation to encounters with sea lions. Seafood Industry Council, 

December 2008, 14p. 
19
 The current SLED specifications are provided in Appendix One. 



 Page 25 of 35  

 

thought to be caused by blunt trauma may come about due to the effects of freezing rather than 

being a result of any interaction the sea lion would have had with the trawl gear. However, this 

research is not yet complete as further fur seal necropsies are required to confirm that the results are 

significant. 

Necropsy review 

101 There have been requests made during recent AEWG meetings to collate and formally 
review all the information that is currently available on sea lion interactions, including observer 
reports, tow duration, tow speed and necropsy reports. 

102 The major component of this work will be the review and collation of data from previous 
sea lion necropsies. The results of the freezing study described above may be important in assessing 

if some of the injuries that had been recorded as being due to interactions with the gear may 

actually be due to the effects of freezing. 

Future camera work  

103 MFish does not yet know whether the DWG intends to continue its camera research project 
throughout the 2009-10 SQU6T season. This research project would again monitor the deployment 
of SLEDs and the interaction of sea lions with SLEDs.  

PART FOUR: MONITORING AND REPORTING REQUIREMENTS 

Overview of 2008-09 season 

104 For the 2008-09 SQU6T fishery the estimated sea lion mortality was 72 sea lions from an 

FRML of 113. Based on the reduced pup count for the 2009 season, the fishing industry voluntarily 

reduced their effort to equate to an FRML of 95. MFish Observers observed 38% of all tows in the 

fishery during the season. Due to the use of SLEDs the total number of actual recorded sea lion 

mortalities was four.  

105 A total of 1,916 tows were undertaken during the 2008-09 season and 1,826 (95%) tows 

were eligible for the discounted strike rate. Non-compliance with the SLED requirements was due 

to minor technical departures from the SLED specifications that was not detected during the pre-

season SLED audit (see Appendix 1).  

106 There has been concern in previous years that mortalities were only reported by vessels 

carrying an MFish Observer. In the 2008-09 season two of the four reported captures were from 

vessels which had an MFish Observer onboard and two were from unobserved vessels. While this 

is encouraging, MFish expects all operators to report accurately any marine mammal captures and 

will continue to work with the DWG to stress the importance of accurate reporting. 

Monitoring and reporting requirements for 2009-10 

107 MFish proposes to implement the same monitoring and reporting procedures that were in 

place for the 2008-09 season. This will require: 

a) The fishing vessel operator to notify the MFish Observer Programme at least 72 
hours before leaving port to ensure there is sufficient time to place an observer on 
board the vessel before it sails. This notification may also be used as an opportunity 
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for fishery officers to undertake a port inspection of the SLED.  

b) The Master of the fishing vessel is required to report to MFish, at the end of the 
fishing trip, any encounter with a marine mammal that resulted in death or injury. 
MFish observers will notify the Observer Programme immediately following the 
capture of sea lions.  

c) All vessels in the SQU6T fishery will participate in a weekly reporting regime 
managed by the Deepwater Group Ltd (DWG). When 70% of the FRML is reached, 
reporting will be daily. The information reported will include: 

i) Each tow undertaken in the SQU6T fishery. 

ii) Whether the tow was observed by an MFish Observer 

iii) If an approved SLED was deployed during the tow. 

iv) If any sea lions were caught during the tow and whether they were released 
alive, retained or returned dead to the sea.  

108 Before a vessel can receive the recommended SLED discount rate certain conditions must 

be met.  

a) Vessels must deploy a SLED that meets the approved design specification (Mark 
3/13 design).  

b) The SLED must be deployed with the escape hatch open at all times during fishing 
operations. 

c) Each SLED must be stamped with a unique number and photographed before the 
start of the fishing season by the DWG.  

109 MFish will continue to work closely with the DWG to ensure these conditions are met and 

there is accurate monitoring against the FRML throughout the squid fishing season. MFish is 

confident that the good performance experienced in recent seasons will continue.  

110 As in previous years, all SLEDs will be audited by MFish observers and fishery officers to 
ensure operators deploy SLEDs that meet the agreed specifications. Both the MFish Observer 
Programme and MFish Compliance will continue to inspect SLEDs throughout the season to 
ensure: 

a) The vessel is carrying the SLED for which it was given approval and, 

b) The SLED has not been adjusted or modified and is in working order.  

111 As in previous seasons, MFish intends to retrospectively remove the discount rate 
accreditation for all tows where a non-approved SLED was deployed or where the reporting 
requirements have not been met. 

112 MFish also intends to request vessel operators, in cooperation with DWG, to continue to 
return all dead sea lions caught during the SQU6T season irrespective of whether the vessel is 
carrying an MFish Observer. These sea lions will be delivered to Massey University for necropsy. 
They will be identified in subsequent reports as animals recovered from non-observed vessels. 

113 MFish also intends to continue with a minimum target of 30% observer coverage across the 
SQU6T fishery during the 2009-10 fishing season.  
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Closure procedures 

114 Under s 15(5) of the Act the Minister may close the SQU6T fishery when the FRML is 
reached.  

115 MFish will work with the DWG to monitor in-season performance against the FRML. 
Should the estimated mortality get close to the FRML, MFish will advise the Minister of this fact 
so he may close the SQU6T fishery by Gazette Notice once the limit is reached.  

116 This closure would be undertaken without consultation but MFish would ensure all 
participants in the fishery are kept updated on levels of fishing activity against the FRML 
throughout the fishing season. For the past three seasons, MFish has sent weekly reports to all 
stakeholders providing information on progress towards the FRML, so ample warning of the 
closure would be available. 

Other management measures 

117 A 2008 paper in the journal Endangered Species Research on the New Zealand sea lion set 

out possible management options that the author believes could be used to manage the interaction 

between squid vessels and sea lions.
20
 These options include proposals to reduce fishing effort in 

the areas around the Auckland Islands by: 

a) Creating a larger no-fishing area around the Auckland Islands by extending the 
existing marine reserve or marine mammal sanctuary;21 or 

b) Requiring vessels fishing around the Auckland Islands to use only jigging to catch 
squid; or 

c) Transferring quota out of the SQU6T fishery into the SQU1T or SQU1J fisheries.  

118 MFish has since reviewed these options in more detail and does not propose to pursue these 

further either because the Minister has no power to use the legislative tools in question or the 

options proposed under the Fisheries Act present significant practical, safety and legal concerns. 

Consultation 

119 MFish is seeking views from stakeholders on the management options presented in this IPP. 
Stakeholder submissions will be considered before final advice is prepared for the Minister. MFish 

reminds stakeholders that submissions received will be posted on the MFish website. If for any 
reason a submission contains confidential information and it should not be made public then MFish 
should be advised at the time the submission is made.  

                                                 
20
 Chilvers, BL. 2008. New Zealand sea lions Phocarctos hookeri and squid trawl fisheries: bycatch problems and 

management options. Endangered Species Research, 5:193-204. 
21
 There is currently a marine reserve and a marine mammal sanctuary in place around the Auckland Islands out to 12 

nautical miles.  
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PART FIVE: STATUTORY CONSIDERATIONS 

120 The following statutory considerations have been taken into account in developing this 
consultation paper on the interactions between the SQU6T fishery and sea lions.  

121 Section 8: MFish considers the management options proposed in this paper provide for 
utilisation in the SQU6T fishery while ensuring the sustainability of the squid stock and managing 
non-fish interactions.  

122 In deciding where to set the FRML the Minister must balance the need to provide for 
utilisation while ensuring the sustainability of sea lions. If the Minister chooses a higher FRML he 
is giving greater emphasis to utilisation over sustainability. If he decides to choose a lower FRML 
he is giving greater emphasis to sustainability over utilisation.  

123 Section 5(a) of the Act requires the Minister to act in a manner consistent with New 
Zealand’s international obligations relating to fishing. MFish considers the management options 
proposed in this paper are consistent with these provisions.  

124 Section 5(b) of the Act requires the Minister to act in a manner consistent with the 
provisions of the Treaty of Waitangi (Fisheries Claims) Settlement Act 1992. MFish considers the 
management options proposed in this paper are consistent with these provisions.  

125 Section 9(a): The management proposals in this paper have been developed so as to ensure 
the sea lion population around the Auckland Islands will be maintained above a level that ensures 
its long term viability.  

126 Section 9(b) and (c): The specific impact of squid trawling in the SQU6T fishery on 
biological diversity and habitats of particular significance is not known. Squid vessels engage in 
both mid-water trawling and bottom trawling in SQU6T.  

127 Section 10: MFish considers the information used to support the proposals set out in this 
paper is the best available information. Given the uncertainties associated with some aspects of this 
information the management options proposed balance the risks to both potential utilisation and the 
sustainability of the sea lion population. 

128 Section 11(1)(a): The Minister is required, in his decision, to take into account any effects 

of fishing on any stock and the aquatic environment. MFish considers that the effects on any fish 

stock are confined the SQU6T fishery and are discussed in the paper; as are the effects on the sea 

lion population. The SQU6T fishery does interact with a variety of seabird species, MFish 

considers these interactions are currently managed appropriately through a range of regulatory and 

non-regulatory measures. 

129 Section 11(1)(b): The Minister is required, in his decision, to take into account any existing 

controls that apply to the SQU6T stock. Apart from the existing TAC and TACC, other important 

existing fisheries management controls for SQU6T are those discussed in the consultation paper. 

130 Section 11(1)(c): The Minister is required, in his decision, to take into account the natural 

variability of the stock. The SQU6T fishery is naturally variable and each season the fishery 

consists of a new cohort of the stock. 

131 Section 11(2) – The Minister is required, in his decision, to have regard to any provisions of 
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any regional policy statement, regional plan or proposed regional plan under the Resource 

Management Act 1991; any management strategy or management plan under the Conservation Act 

1987 that apply to the coastal marine area and that are considered relevant; and sections 7 and 8 of 

the Hauraki Gulf Marine Park Act 2000. 

132 The only relevant item under s 11(2) is the New Zealand sea lion species management plan: 

2009-2014 (SMP). The SMP provides a strategic framework to guide the Department of 

Conservation in managing the recovery of the New Zealand sea lion to non-threatened status. The 

aim of the SMP is: “To make significant progress in facilitating an increase in the New Zealand sea 

lion population size and distribution.” 

133 Section 11(2A)(a) and (c): Before setting or varying any sustainability measure the 

Minister is required to take into account any conservation or fisheries service, or any decision not to 

require such services. MFish does not consider there are any relevant considerations under this 

section. 

134 Section 11(2A)(b): Before setting or varying any sustainability measure the Minister is 

required to take into account any relevant fisheries plan. There is currently no fisheries plan in 
place in the SQU6T fishery or any other relevant fisheries plan. 

135 Section 11A – Fisheries plans: There is currently no fisheries plan in place in the SQU6T 
fishery.  

136 Section 15(2): MFish considers that providing proposals on an FRML satisfies the 
Minister’s requirements to take such measures as he considers necessary to avoid, remedy or 
mitigate the effect of fishing-related mortality on the sea lion population.  

137 Section 15(5): This section provides the Minister with the discretionary power to prohibit 
all or any fishing if the fishing-related mortality limit has been met.  

Ngai Tahu Claims Settlement Act 1998 

138 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 New Zealand sea lion (or Rapoka/Whakaha) as a taonga 
species under this Act. 
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APPENDIX ONE 

DWG AND MFISH SLED SPECIFICATION FOR SQU6T 2010 OPERATIONAL PLAN 

October 2009 MK 3/13 SLED approved by SLED WG September 2009 

The SLED required for use by all vessels in the SQU6T fishery is an approved type that meets the following 
criteria: 

1. The SLED must consist of a lengthener section of net, with either 2 or 4 seams, containing a 2 or 3 
piece grid, hinged horizontally along the middle.  The grid must be set in the net at about 45° ± 5° 
from the vertical with the top of the grid closest to the cod end section and continuously sewn to the 
net meshes around its outer edge. 

2. The grid must be constructed of minimum 20 mm outside diameter solid stainless steel bar and 

should be shaped to conform to the working parameters of the net (refer diagram). 

3. Vertical grid bars must be evenly spaced at a continuous maximum distance of 23cm between 
bars (see diagram).  There will be no minimum number of bars, provided they are evenly spaced 
and do not exceed the required maximum spacing. It may be necessary to have the last spacing 
between the final bar and the grid frame differing from the rest of the spacings provided they are 
less than 23 cm apart between bars and frame. 

4. The escape hole must be triangular and cut into the upper surface of the lengthener section.  This 
hole must be a minimum of 130 cm wide at the base, measured along the top bar of the grid. The 
apex of the triangle must be a minimum of 150 cm forward of the base (refer diagram). 

5. Above the escape hole, a hood-shaped mesh scoop must be attached with its open (leading) end 
facing into the water-flow and its closed (trailing) end attached and over stretched to the top bar of 
the grid.  The leading edge of the hood must be a minimum of 90 cm high when fully open. The 
leading edge rope around the mouth of the hood must be a minimum of 320 cm long after 
attachment of kite and floats. The hood must be a minimum length of 170cm long (refer 
diagram). 

6. The hood must have a semi rigid kite 220 cm long by 32 cm wide (both measurements + 10%; a 
piece of thick conveyor-belt is ideal) attached under the meshes of the hood.  The leading edge of 
the kite must be continuously stitched to the leading edge of the hood and the trailing edge also 
attached to the hood netting. The leading corners of the hood must extend forward of the escape 
hole.   

7. Three floats of between 20 and 30 cm in diameter (a centre hole float is best) must be each 
attached to the leading edge on the kite. One float must be in the centre of the kite length and the 
other two equidistant between the centre float each end of the kite (refer diagram).  

8. The SLED should be inserted into the trawl (between the body of the trawl and the lengthener) with 
the escape hole always on the upper surface when the net is fishing. 

9. Each SLED grid frame must have a unique registration number, identifying it as a unit, clearly 
stamped into the frame bar at each end of each hinge section.  Deepwater Group Ltd will record 
each SLED registration number. DWG’s register of SLED numbers must be provided to MFish on an 
annual basis before fishing commences. 

10. Depending on the net for which the SLED is built, there are elements of the SLED configuration that 
may vary, including: the presence or absence of floats attached to the outside of the grid or back of 
the kite, the shape, width and height of the grid, the number of vertical bars in the grid, the number 
of meshes in the hood and the number and size of meshes in the lengthener section. 

11. No extra panels or mesh material may be fitted inside the net before the SLED. Additional floats may 
be fitted inside the lengthener behind the grid or frame but NOT in front of the grid or to the top grid 
frame outside the lengthener. 

12. Alterations are not to be made to the design outside of this specification. For new builds or major 
repairs contact Motueka Nets Ltd or Hampidjan NZ Ltd.
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APPENDIX TWO 

Detail about the sensitivity trials runs against both the Rule 3 Series and Rule 2 Series. 

The sensitivity trials were all run using bycatch estimates for 2002-09 that assumed a 20% SLED 

discount rate. This is lower than the current 35% discount rate. There was not sufficient time to run 

the sensitivity trials using bycatch estimates based on assuming other discount rates, but tests have 

demonstrated these results are only slightly different. The details of the trials are as follows: 

a) Sensitivity trial 1 relates to the sea lion population’s maximum annual rate of 
increase. In the Base Case operating model it is assumed that the prior distribution of 
lambda has a mean of 8%. In sensitivity trial 1, the prior distribution is assumed to 
be 5%. In both cases the model penalises values that depart from the prior and the 
penalty increases with increasing departure from the prior.  

b) Sensitivity trial 2. In this trial there is no assumption about the prior distribution of 
lambda. 

c) Sensitivity trial 3. This sensitivity trial assumes that the shape of density dependence 
is z = 2 which is different from the value of z = 3 used in the Base Case operating 
model. This means that as the population of sea lions decreases below the 
population’s carrying capacity (K), this allows the population to increase more 
slowly than in the Base Case model. 

d) Sensitivity trial 4. This sensitivity trial assumes that the shape of density dependence 
is z = 4 which is different from the value of z = 3 used in the Base Case operating 
model. This means that as the population of sea lions decreases below K, this allows 
the population to increase more quickly than in the Base Case model. 

e) Sensitivity trial 5: Assumes that the pupping rate (R0) is fixed at 0.315 which 
assumes that in each year 31.5% of mature animals will have a pup before 
reproductive senescence is considered. This equates to about 63% of females having 
a pup each year. The Base Case operating model usually uses higher values on R0. 



 Page 33 of 35  

 

APPENDIX THREE 

Note of AEWG meeting 17 July 2009 

 

SAP2008/14: Revisions to sea lion model; Presentation by Paul Breen, NIWA 
 

Presentation 
 
Paul Breen presented revisions to the sea lion population model as discussed and agreed at the May 
20th AEWG. A set of base models with assumed survival rates for sea lions encountering a trawl net 
with a SLED of 0, 20, 35, and 50% was constructed and five sensitivity models were developed for 
each base model by varying the density dependence shape parameter, the maximum rate of 
population increase or the maximum pupping rate. These were the factors that previous modelling 
exercises have identified as being important but for which our information is poor. 
 
Paul identified the “cusp rules” for 200-series rules (fixed FRMLs) and 300-series rules (FRMLs 
that vary with pup counts) and tabulated these for each assumed SLED survival and each sensitivity 
run. The results of this modelling were consistently less optimistic than the model developed in 
IPA2006/09. 

 

Comments and Discussion 

 

• The model suggested the population in the late 1990’s was above the average carrying 
capacity, K, for this population. This could form part of the explanation as to why there was 
a subsequent decline, but depended on the estimate of K.  

• Conversely, Figure 16 shows that multiple runs all predict a population increase between 
2009 and about 2030. This is because the model population is below K and the model 
assumes the density dependent response of the population will compensate. 

• In Figure 11, the US2 McMC trace shows a significant trend over the chain.  This is caused 
by ADMB’s choice of step size based on the estimated variability of each parameter. This 
does not work well where a parameter is close to a bound. It may not be a problem for this 
model. 

• The model includes implementation error and there was a discussion of why this was 
needed and how monitoring of the fishery was designed to minimise implementation error. 
Implementation error was provided in the model to allow for the fact that things do not 
always go as planned; this was agreed previously by AEWG.  

• The model population consistently stabilises at a level below K in the absence of fishing. 
Dave Gilbert thinks he knows a technical fix for this through the S’ parameterisation and 
will talk to Paul after the meeting. This cannot be done as part of the current project. 

• When lambda (the maximum possible rate of increase at very low population size) has no 
prior it ends up as an extremely low value of <1%. With the 8% prior, it is 4–5%.  The 
available data are not consistent with the prior. 

• Ideally we would construct a matrix of sensitivity trials crossing each important assumption 
with all others. However, this would be a really big job and well outside the scope of this 
project. 
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No critical flaws in the approach were identified by the working group, and the Chair thanked Dr 
Breen for completing the work so swiftly and for his comprehensive presentation. However, it was 
recognised that substantial uncertainty remained in several areas and, as foreshadowed at the 20 
May meeting, the group was asked to come up with a list of caveats that should be attached to the 
modelling results. The list developed was as follows: 
 

• There remains great uncertainty in the shape (Z) and extent of density dependence in this 
population, and its mode of action (pupping rate, pup or adult survival rate, age at maturity, 
or a combination) and in the maximum rate of population increase (lambda). 

• Knowledge of SLED survival rate is poor.  

• The model cannot fit the large decline in pup counts between 2008 and 2009, although it 
does allow pup counts in the future that are lower than those observed in 2009. This may 
make the model results optimistic if the short term decline continues.  

• Other modelling approaches may give different results; there is model uncertainty.  Also, 
not all possible sensitivities have been combined in the existing modelling approach. Thus 
our understanding of the uncertainty is still incomplete. 

• The background by-catch excludes the small number of sea lions caught east of Campbell 
Island in the southern blue whiting fishery. These animals may have come from the 
Auckland Islands and, if so, the model predictions would be slightly optimistic.  

• The observed maximum pupping rate (modelled separately by Dave Gilbert and Darryl 
McKenzie) was ~ 0.30 but, if this value was fixed in Paul Breen’s model, the Hessian 
matrix was not positive definite. Paul found the lowest value that provided a positive 
definite Hessian matrix, but this (0.315) was somewhat higher than the observed estimates. 
This makes the model predictions optimistic. 

• The model population consistently stabilises at a level below K in the absence of fishing. 
For most of the sensitivity trials, the stable level is ~95% of K. This makes the modelling 
predictions slightly conservative. 

• If there is an increasing trend in catchability over time, or if catchability increases in the 
future, the current modelling predictions will be optimistic (and vice versa).    

• If the assumptions about attempted effort in SQU6T are wrong and more effort is attempted 
in the future than the model assumes, then the modelling predictions will be optimistic (and 
vice versa).  

• Tag loss by sea lions may affect Paul’s estimates of survival (Paul thinks not very much). 

• If this population exhibits unpredictable dynamics, then all modelling approaches have low 
utility. 

 

Action points 
 

• The group will develop a list of caveats around Paul’s results (done, at least in draft as 
above).  

• The Chair will post the notes of this meeting (at least the sea lion component) and the PPT 
on the website and inform people that hard copies of Paul’s draft report are available.  

• Written feedback is requested no later than close of business Friday 24 July.   

• Paul will give the report a general tidy-up, labels axes etc when finalising it. 
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APPENDIX FOUR 

The Table below provides additional data to those provided in Table 4 on page 13. The data are the 
exact multipliers that just meet each of the key criteria for each operating model and for each 
assumed discount rate. Double plus signs indicate that the criterion was met under unrestrained 
fishing, while double minus signs indicate that the criterion was not met even without any fishing. 
The appendix was referred to in footnote 10 on page 12. 

 

MFish Criterion 1 
 

35% Base Case 0% Base Case 20% Base Case 50% Base Case 

Base Case 2.68 (FRML 127) 1.99 (FRML 94) 2.20 (FRML 104) ++ 

Sens 1 λ prior 5% 1.96 (FRML 93) 1.65 (FRML 78) 1.75 (FRML 83) 3.06 (FRML 145) 

Sens 2 λ prior uniform -- -- -- -- 

Sens 3 fixed z=2 1.60 (FRML 76) 1.42 (FRML 67) 1.49 (FRML 71) 1.99 (FRML 94) 

Sens 4 fixed z=4 4.01 (FRML 190) 2.30 (FRML 109) 2.64 (FRML 125) ++ 

Sens 5 fixed R0=0.315 2.52 (FRML 119) 1.91 (FRML 90) 2.10 (FRML 99) ++ 

 MFish Criterion 2 

Base Case 1.90 (FRML 90) 1.54 (FRML 73) 1.66 (FRML 79) ++ 

Sens 1 λ prior 5% 1.27 (FRML 60) 1.16 (FRML 55) 1.20 (FRML 57) 1.50 (FRML 71) 

Sens 2 λ prior uniform -- -- -- -- 

Sens 3 fixed z=2 1.06 (FRML 50) 1.00 (FRML 47) 1.02 (FRML 48) 1.19 (FRML 56) 

Sens 4 fixed z=4 2.30 (FRML 109) 1.74 (FRML 82) 1.92 (FRML 91) ++ 

Sens 5 fixed R0=0.315 1.92 (FRML 91) 1.55 (FRML 73) 1.66 (FRML 79) ++ 

 

Maximum permissible tows for the 2009/10 fishing year 

MFish Criterion 1 
 

35% Base Case 0% Base Case 20% Base Case 50% Base Case 

Base Case 3456 1668 2305 ++ 

Sens 1 λ prior 5% 2528 1383 1834 5131 

Sens 2 λ prior uniform -- -- -- -- 

Sens 3 fixed z=2 2064 1190 1561 3337 

Sens 4 fixed z=4 5172 1928 2766 ++ 

Sens 5 fixed R0=0.315 3250 1601 2201 ++ 

 MFish Criterion 2 

Base Case 2450 1291 1740 ++ 

Sens 1 λ prior 5% 1638 972 1257 2515 

Sens 2 λ prior uniform -- -- -- -- 

Sens 3 fixed z=2 1367 838 1069 1995 

Sens 4 fixed z=4 2966 1459 2012 ++ 

Sens 5 fixed R0=0.315 2476 1299 1740 ++ 

 


