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Abstract

Squid fisheries require a different managementaaagr to most fish species which are much
longer living. Most squid live for around one yespawn and then die. The result of this is an
entirely new stock each year with little or no tiglaship of stock sizes between the years.
Hence, it is difficult to set appropriate catchitismprior to the season.

Currently, there is nothing set up for modellihg New Zealand squid fishery in-season or
post-season. In-season management would allowdjstanents of catch limits during a

season. Post-season management would provide @tionrmon how much the stock was

exploited during a season (described as the es@ayem

| have produced an integrated model using ADMB (hdtic Differentiation Model
Builder) (Fournier et al., 2011) which models ldnfriequency data, CPUE (Catch Per Unit
Effort) indices and catch weights from a seasbralculates escapement which indicates
how much the fishery is currently being exploited.

In running the model against data from four ared gear combinations, | found the
escapement calculation to be stable. The resugigesti this modelling approach could be
used with the current data collected for post-seasodelling of the fishery.

| am less confident about in-season modelling Withcurrent data collected. The integrated
model fits quite poorly to the CPUE data, suggestsome discrepancy either between the
data or the assumptions made of them. Sampling feorgreater number of tows is
recommended to improve the length frequency dadiatlsis may also improve the ability of
the model to fit both to these and the CPUE.
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Chapter 1: Introduction

Effective management of a squid fishery requiresapproach different from that used for
most fish species, which are much longer livingui8cenerally live for around one year,
spawn and then die (Ministry of Fisheries, 2011gnék, any information on the stock in one
year has little to no relevance to the stock of aitner year, except in the extreme case where
the fishery catches the entire stock before ible 0 spawn. In particular, it does not give us
the information required to set an appropriate tditmit prior to the commencement of a
season.

The New Zealand squid fishery is currently managgda set TACC (Total Allowable
Commercial Catch). Setting a TACC is extremelyidifit in the case of short-lived species
such as squid, unless real-time monitoring of #source biomass is feasible (Augustyn &
Roel, 1998). Without the information required tgpart adjusting this limit mid-season (in-
season management), the fishery runs the risk @forvunderexploiting its stock. Currently,
there is also no post-season modelling of the fisteeindicate whether any previous seasons
are likely to have under-or over exploited the ktoc

This thesis aims to determine whether post-seasodeling is possible with the data
currently collected from the fishery. A successfutcome of this will be an estimated rate of
escapement for each season. This is a proporteylated as the expected population at the
conclusion of the fishing season over the expegtgulilation at the same time had there been
no fishing for the entire season. Depletion (lapsment) and escapement rates have been
used for in-season management and commonly aimsore 40% of the estimated biomass
will survive to spawn (Beddington et al., 1990).0@ading on the success of this post-season
modelling, it may be possible to give some indmatias to the feasibility of in-season
modelling for future seasons using current or meditlata collection methods.

The modelling approach used here is an “integratedel”. In the fisheries literature, this
connotes an approach that is capable of using a wadiety of types of observation, and
always treats them statistically (Maunder & Pur@04£). The benefits of this approach in
contrast to some others used for squid fisheri¢sdeiNew Zealand are discussed in Chapter
9. The other approaches include depletion methédar(g et al., 2004), cohort analysis and
modified cohort analysis (Royer et al., 2002) ara/ésian assessments (McAllister et al.,
2004).

Benefits of in-season and post-season managenmeatsfyuid fishery are covered in Chapter
2, with examples of approaches from other squitiefies outside New Zealand. The
justification for considering these approachedlierNew Zealand squid fishery is given.

Chapter 3 gives an overview of the New Zealanddsé§jshery including how it is managed,
where the majority of the catches are coming frowh laow big the catches are. This research
will focus on the Snares fishery which makes upoas@lerable proportion of the New
Zealand squid fishery. The species caught in tleeSfishery iNototodarus sloanii.

The relevant biology ofN. sloanii is covered in Chapter 4, including lifespan, spagn
natural mortality, abundance estimates, lengthdamlat conversion and growth.
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The data used for this thesis are from the anabgised out by Hurst et al. (2012). They are
length frequencies, CPUE (Catch Per Unit Efforgides and catch weights. Descriptions of
these data are in Chapter 5.

The model developed to estimate escapement usegprfocesses to explain the data; new
recruitment cohorts come into the modelled popoihgtithe squid grow, suffer natural
mortality and are subjected to fishing mortalithapter 6 explains how these processes make
up the model, includes a table of data and parameted, a flowchart of the processes as
they occur within each time-step (week) and thea&quos.

In fitting this model to the data, there are twoimaguestions to answer: how many

recruitment cohorts are required and what shagieeiunction for the mean growth. Section

8.1 explains how to best answer these questiomalysing the fit of the models to the data.

A full analysis of the Snares 2008 fishing seasothén given, followed by a brief summary

analysis for the remaining seasons. Chapter 8.2aoes the estimated parameters from the
‘best’ models as selected.

Chapter 9 discusses the model and its suitabiitytife current data. The models selected in
Chapter 8 and the results of these are discussedlation to the effectiveness of this
modelling approach for post-season modelling aedptitential for adapting this approach to
assist in-season management.

11



Chapter 2: In-season management and post-season assessment
modelling

In-season real time management has the potentialéoccome some of the difficulties of
managing fisheries for short lived species, suckgasd, that tend to live for around one year.
For these short-lived species, what can be ledrotitathe stock in previous years may have
little bearing on the current year’s stock. Sqedd to have highly variable stock-recruitment
relationships and consequently volatile stock Ie\€lierce & Guerra, 1994). Hence, setting
catch limits based on what has happened in prewieass has the potential to result in under
or over exploiting the stock.

While the New Zealand squid fishery is currentlynaged with a constant TACC, there have
been two occasions where the TACC has been extandkdeason. This was in response to
high catches and catch rates early in the seasmnfifbt was the 2003-04 season which was
given a 30% mid-season increase, which was notheslcThe second was the 2005-06
season which was given a 10% mid-season incredseh was almost obtained (Ministry of

Fisheries, 2011). The aim of in-season managemeuntdibe to better determine whether a
season is going to be good enough to increaseARKT by how much, and with what risks.

Hurst et al. (2012) mentions various assessmenhadstused for squid stocks in other
countries. Those reviewed by Payne et al. (200&) iave been used in Europe included
depletion methods (Young et al.,, 2004) and modiftetort analysis (Royer et al., 2002).
Outside Europe, the variety of methods used inclpdeseason assessment based on fishing
survey data; in-season assessment that uses datdhfe fishery as the season progresses to
estimate the point at which fishing should ceasesell on analysis of the influence of
cumulative catch (Leslie & Davis, 1939), or eff@ieLury, 1947), on an abundance index
such as CPUE (Catch Per Unit Effort) (Royer et2002), or refinements of these methods
(Beddington et al., 1990; Rosenberg et al., 19%%sBn et al., 1996; Agnew., 2002, 2005)
and cohort analysis (Royer et al., 2002).

In a preliminary analysis, Hurst et al. (2012) fduhe CPUE data for the Snares fishery to
have the potential to predict season abundancet tgast the end of February (the squid
fishery occurs between December and May). Lengihuency data (described in Chapter 5),
may also be modelled with the CPUE indices to mtedbundance and escapement with
greater confidence than using only the CPUE. Thezess of this approach requires the
CPUE indices to be proportional to biomass and lémgth frequency data to represent
random samples from the catch.

There is some speculation as to whether the CPWEbeaassumed to be proportional to
biomass. Even if catch and effort data are stamskatdo remove the impact of all known
factors, there is still no guarantee of this (Mam& Punt, 2004). For example, many species
aggregate strongly (Augustyn & Roel, 1998) which tzad to potential bias in the index of
stock abundance (Campbell, 2004). For the lengthuency data to be considered a random
sample, the effective sample size needs to be eed(€hapter 7), reducing the effect data
have on the model and the confidence of its results

Prior to attempting in-season management, it ieseary to first model the length frequency
and CPUE data to determine if it is possible tinetie annual escapement rates for a number
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of seasons. Target escapement rates for manag@ueses commonly aim to ensure at
least 40% of the estimated biomass will survivegawn (Beddington et al., 1990).
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Chapter 3: The fishery - Snares and Auckland Islands

The New Zealand squid fishery began in the lateO’9@nd was introduced to the quota
management system on 1 November 1987. The quotagearent system is used to control
the total commercial catch for virtually all the imdish stocks found within New Zealand’s
200 nautical mile EEZ (Exclusive Economic Zone) iiMtry of Fisheries, 2011). The New
Zealand squid fishery is based on two related sgelbtotodarus gouldi is found around
mainland New Zealand north of the Subtropical Cogerce (Figure 3a), wherellssloanii

is found in and to the south of the convergence Zdinistry of Fisheries, 2011).

N

|
42 N
A o
E -,:_—'?0_097-1500»_ <l
Chatham Rise [

a4° \

46

Figure 3a: The position of the Subtropical Convergece (Kowalski & A. Meyers, 1997).

The New Zealand EEZ is split into 4 Quota Managemeaas (QMAS) for the squid fishery
(Figure 3b). They are SQU10T (Kermadec Islands))&Q(Auckland Islands), and SQU1T
& SQU1J (the rest of the EEZ, further sub-dividgditie gear types, trawl and jig).

sauioT

sQu1T
& sQu1J

4

Figure 3b: The NZ EEZ and QMAs (Quota Management Aeas) for squid.

The Auckland Islands squid fishery is managed unideown QMA due to the fact it is
readily accessible to trawlers and the squid harebe caught with little fin-fish by-catch,
making them an attractive resource to trawlers {8ty of Fisheries, 2011). New Zealand
(or Hooker’s) sea lions are caught by vessels tngwfor arrow squid, most frequently
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around the Auckland Islands (Ministry of Fisherizg811). Total landings for the season for
Auckland Islands have ranged from approximately)@8,t to 35,000 t over the last 10 years
(Table 3a). The Kermadec Islands squid fishery egligible, with a Total Allowable
Commercial Catch (TACC) of 10 tonnes and 0 repoléedings since the management of
the squid fishery. Landings from the jig fishery 313 have ranged from approximately 800
t to 9000 t over the last 10 years. The TACC ismiigher at 50,212 t.

Of the total catch from SQU1T, 77% comes from thar8s shelf/Stewart Island (Ministry of
Fisheries, 2011). This is an important fishery, Wnoas the ‘Snares’ fishery (Hurst et al.,
2012). Figure 3c shows the Snares and the AucHKkladds boundaries. Total landings for
SQULT have ranged from approximately 16,000 t tOGDt over the last 10 years.

Table 3a: Reported catches (t) and TACCs (t) of aow squid from 2001-02 to 2009-10 (Ministry of
Fisheries, 2011).

Fishing SQU1J SQUIT SQU6T SQU10T

year Landings TACC Landings TACC Landings TACC Landingg§ACC
2001-02 799 50,212 35,872 44,741 11,502 32,369 0 10
2002-03 2,896 50,212 33,936 44,741 6,887 32,369 0 0 1
2003-04 2,267 50,212 48,060 58,163 34,635 32,369 0 10
2004-05 8,981 50,212 49,780 44,741 27,314 32,369 0 10
2005-06 5,844 50,212 49,149 49,215 17,425 32,369 0 10
2006-07 2,278 50,212 49,495 44,741 18,479 32,369 0 10
2007-08 1,371 50,212 36,171 44,741 18,493 32,369 0 10
2008-09 1,032 50,212 16,407 44,741 28,872 32,369 0 10
2009-10 891 50,212 16,759 44,741 14,786 32,369 0 10

# In season increases of 30% for 2003-04 and 102005-06

It is the Snares fishery that this research is $ow@i on, with the addition of the Auckland
Islands for the 2008 fishing year. Previously, théso fisheries have been considered as
separate stocks, but it is possible this is notdase. Hurst et al. (2012) found evidence
suggesting squid moving between the areas, sulargessquid in the Snares disappearing as
similar sized squid turned up in the Auckland Islen The species found in both Auckland
Islands and the SnaresNssloanii.

The squid fishery occurs between December and Mily,peak harvest from January-April.
The time steps within a season are in weeks, weabkwi corresponding to the first week in
December. Fishing years are labelled by their fygar where 1990-91 becomes 1991.

tw}?ﬂﬂ/ é

487

SNAR

AUCK

166°E 168° 170°

Figure3c: Map showing fishing areas PUYS (PuysegurBTEW (Stewart Islands), SNAR (Snares) and
AUCK (Auckland Islands).

15



Chapter 4: N. sloanii biology

This chapter gives background to key aspects atidgjalogy that affect the model. They are
lifespan, spawning, natural mortality, length toigi® conversion, abundance estimates and
growth in length.

4.1 Lifespan, spawning and natural mortality

N. sloanii (or Wellington flying squid) live for around 1 yeand growth is rapid. It appears
they spawn once and then die. Fish taken by theerfysdo not appear to have spawned
(Ministry of Fisheries, 2011).

Estimated ages (from daily growth rings in thedttt) suggest. sloanii hatch in July and
August, with spawning occurring in June and Julyinistry of Fisheries, 2011). However
Uozumi and Ohara (1993) found evidence that sugggstwning occurs throughout the year.

While there are no estimates of natural mortatyN. sloanii, there are some for other squid
species that live for 1 year, spawn and then die.tlke instantaneous natural mortality rate
M, these lie in the range 0.007-0.075 per weeks Thia huge range and translates to the
probability of surviving one year being anywherdween 0.02 and 0.69. Such estimates
have however sometimes been used in different wRgger et al. (2002) split the lifespan of
a squid into gnomonic intervals (these increasguiration in proportion to the age up to the
start of each interval), the last of which corresged to the exploited stage (from 6 to 12
months). Constant natural mortality rates of 0.2,dhd 0.3 per month (approximately 0.025,
0.05 and 0.075 per week respectively) were appbetthis interval. These give probabilities
of surviving the 6 month period of 0.55, 0.30 anti/Orespectively.

Chen et al. (2008) used values ranging from 0.03.10 per 10 days (0.021-0.07 per week),
with the natural mortality remaining constant owene. (Caddy, 1996) listed several

published values for adult pre-spawning squid ra@torortality, which were in the range

0.35-1.8 per year (approx. 0.007- 0.035 per weRkg-Ureta and Arkhipkin (2006) used

Hoenig’'s empirical equation based on longevity (Hewnd Hoenig, 2005) to arrive at

M=~0.01331"! (per day) (=0.093%! (per week)).

If we postulate a significant increase in naturalrtality either immediately after spawning
(in the last month, say) or soon after having bggawned (in the first month), then it could
be reasonable to expect a low natural mortalitytfe remaining 10 months of the year.
Suppose 50% are expected to survive these 10 mahémsexpressing this on a weekly basis
gives

P(surviving 10 months) = e 104%™ = 0 5

or

M = —Lln(O.S) = 0.017 per week

4X10

This is within the range of estimates found in literature and it seems a reasonable estimate
for this project. Hencey = 0.017w ™1 is used in the model.
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4.2 Length to weight conversion

The length-weight conversion fd&. sloanii € (9¢m, 41cm) DML (Dorsal Mantel Length)
for Snares (Hurst et al. 2012) has equation

w = all
w is the weight (g)g = 0.0171, b = 3.08 andl is the length (cm) (Figure 2a).

The length-weight conversion ft\. sloanii € (10cm, 40cm) DML (Dorsal Mantel Length)
for Auckland Islands (Hurst et al. 2012) is

w = alb

w is the weight (g)a = 0.0136, b = 3.16 andl is the length (cm) (Figure 2a).

1500

Snares
Auckland Is.

weight{g)
1000

500

length(cm)

Figure 2a: Length to weight conversion curves for Bares and Auckland Islands

The model will assume that length to weight conears follow this curve exactly.

4.3 Abundance estimates

Early attempts to assess and manage squid stodkswnZealand initially used an estimated
biomass of 600,000 t for the NZ EEZ, calculatedrirthe areal expansion method based on
1978-79 commercial catch data from both the jig tragvl fisheries (Mattlin & Coleman,
1988). While this is not considered to be an adeusstimate of stock size (Mattlin &
Coleman, 1988), it seems to be the only attemphaibundance estimate. It also has limited
relevance since the squid are spawning and dyirap@iit one year. One year’s abundance
may have little bearing on any other year’'s abundan

However, in calculating the expected escapemenitatemn 6.11) it is necessary to calculate
the expected population. Hence, having a figureh withich to compare the expected
population figures calculated here may be helpful.

Since the length frequency data modelled hererarumbers, | have done a (very rough)
conversion of 600,000 t to a number as follows.
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The mean length of the squid (taken from the leffigtuency data) is approximately 25cm.
The weight of a 25cm squid (using equation 6.3 Hral conversion parameters for the
Snares) is

0.0171 x 25398 ~ 345 g = 0.345 x 1073 ¢
This gives approximately

600,000

0345 x 10— = 17 X 107 = 1,700 million squid

4.4 Growth

Logistic growth parameters
Assuming logistic growth in length over time,

o)

E[th] = (1 + e—K(t—to))

E[L|t] is the expected or average length (cm) attagays),

L, is the upper asymptote for length (cm),

K is a growth coefficient,

to is the age in days at which the average Iength-z}f\la,§and is the age of maximum growth
rate.

Uozumi (1998) found the growth rate Mf sloanii in New Zealand water® vary based on
gender and hatching month. He estimated logistmnvtr parameters for each hatching
season and gender by examining the relationshiyweast the Dorsal Mantel Length and
statolith radius. See Table 2a for Uozumi’'s paramestimates.

Table 2a: Estimated growth parameters foN. doanii, by month of hatching (Uozumi 1998).

Male Female
Month L, (cm) K (days)) ¢, (days)| L. (cm) K (days') ¢, (days)
January 42.73 0.0212 230.0 4385  0.0192 228.6
February 33.33  0.0267 202.4 41.97  0.0184 221.8
March 3155 0.0242 200.1 43.48  0.0168 235.2
April 32.72  0.0205 206.6 46.87  0.0156 250.3
May 33.18  0.0204 205.3 44.47  0.0170 237.5
June 3252 0.0219 190.4 40.78  0.0177 2145
July 34.80 0.0196 188.8 43.42  0.0157 211.0
August 40.36  0.0167 202.0 42.09  0.0167 199.9
September 38.51 0.0194 191.4 39.35  0.0188 188.6
October 3454 0.0223 176.1 40.08  0.0205 193.9
November 28.78  0.0313 158.9 38.38  0.0209 200.1
December 60.14 0.0123 279.7 44.62  0.0183 232.8

For the hatching months that are likely to showtlie fishing season (January-April,
September-December), | calculated average gromtanpeters (Table 2b) with male and
female parameters separate and then combined. ddisti¢ growth curves using these
parameters are shown in Figure 2b.
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Table 2b: Estimated growth parameters forN. sloanii, averaged over relevant months for female, male
and combined sexes.

Ly (cm) K  ty(days)
Male 37.78 0.0222 205.65
Female 42.31 0.0186 218.91
Combined 40.04 0.0204 212.28

35
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length{cm)
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|

— Combined
= Male
- Female
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Figure 2b: Expected length vs age for combined sexewith mean parameters from relevant spawning
months.

Expected growth as a function of length
The instantaneous growth rate is the derivativihefexpected length with respect to time, as
follows

Let
L) = e
then

d_L = KLoo[l + e—K(t—to)]_ze—K(t—to)
dt

which can be written

LOO—L]

LK
=i

Hence,

dL _ K [Loo — L]
dt Lo

which is a quadratic ih, peaking with maximum growth at= L?” (Figure 2c).

19



expected growth (cm/day)
010 015 020
! ] ]

0.05
|

0.00
1

10 15 20 25 30 35 40

lengths (cm)

Figure 2c: Instantaneous growth rate using combinedverage Uozumi parameters (Table 2b).

The change in length in one week (Figure 2d) isudated as

AL =L(t+7)—L(t)

B Lo Lo
T 1 4 e-KEt+7-tg) 1 4 g-K(t—ty)

Lo
= I —I\ L
1+e‘7K(°° )
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£
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Figure 2d: Weekly growth using combined average Uamni parameters (Table 2b).
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Expected growth with estimated parameters

While | do not expect the growth of the squid ie 8easons studied in this project to exactly
match Uozumi’s parameters, it does give insightht® possible shape the mean growth per
week is likely to take. Initially, | ran the modestimating a single mean growth parameter,
then increased the number of parameters up tosBndefor improvements in the fit of the
model at each increase. Figure 2d shows exampldseahean growth equations with 1, 2,
and 3 parameters compared with Uozumi’s parameters.

| assumed the same growth rate for males and é&smdlhe length frequency plots
(Appendix A) show very little difference in the sizlistributions of male and female squid,
suggesting similar growth rates. Mattlin & Scheilgl (1985) also found the size
distributions of male and femal sloanii in New Zealand to be similar for each depth and
sampling period.

Thesingle parameter mean growthwas assumed to be constant with estimated paragete
such that

[growth in7 days|L] = g

The 2 parameter mean growth was assumed to be a linear equation with parameter
MYstare ANd MGring Which are the mean growths at the minimum andimax lengths

respectively, such that

[growth in 7 days|L] = intercept + grad X (L — lnin)

Ifinal — Ystart

grad =

lmax - lmin

intercept = Gstare — grad X lyin

Lnin(cm) and L, (cm) are the minimum and maximum (respectively) lengths
for which we have length to weight conversion parameters

The 3 parameter mean growthwas assumed to be a broken stick linear equatibim w
parameters grinq;, h (the length at which the break of the stick occmaximum or

minimum)) and g, (the mean growth at lengt), such that

grad XL+ g, —grad Xh, L<h
[growth in 7 days|L] =
—grad XL+ g, +grad Xh, L>=h

grad _ In final

lmax —h
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lmax(cm) is the maximum length for which we have length to weight conversion parameters

This assumes equal slopes with opposite signs for the two segments.

Expected mean growth in 1 week
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Constant growth
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Figure 2d: Examples of expected mean growth usingbastant, linear and broken stick equations,
compared to Uozumi’'s growth parameters.

22



Chapter 5: The data

The data used in this project are length frequaent@em the catch for some weeks, weekly
catch weights and CPUE indices for four combinatioharea and year: the Snares in 1990,
1991, 2008 and the Auckland Islands in 2008. Tha dee from the analysis carried out by
Hurst et al. (2012) and it is from here that thiec#®n of area and year combinations came.
The analyses were also carried out for 1994, ut#ich-weight data were inconsistent with
the other years (Appendix A) and so this year wappgked from this analysis.

Hurst et al. (2012) explained the length samplieggth frequencies, catch weights and
CPUE data as follows.

Length sampling

The Ministry of Fisheries Observer Programme hdkeaed squid sex and length data for
some years since 1986 from mainly the Aucklanchiddaand Snares fisherié¥eekly length
frequency distributions were generated for seleseasons.

The observed catch as a proportion of total tasgeid catch has ranged from about 2-22% in
the Auckland Islands and about 1-15% at the Sndites.highest observer squid sampling
was achieved in both areas in the 2008 season.|Bgmpensity was quite variable with the
number of tows sampled per week (Table 5.1) varfiioign O to 61.

Table 5.1: Number of tows sampled from for each wéefor each area and year combination.

week Snares Auckland
Islands
1990| 1991| 2008 2008
1 7 0 0 0
2 20 0 0 0
3 18 0 0 0
4 8 11 10 0
5 1 28 37 0
6 0 61 54 1
7 0 42 52 5
8 0 36 25 17
9 0 24 13 29
10 0 41 27 19
11 2 3 13 20
12 3 32 23 22
13 3 23 12
14 15 15
15 7 7
16 0 6
17 0 13
18 2 7
19 2 1

Length frequencies
Length frequencies were estimated as the weightedage of individual length samples
(where the weighting was the estimated catch ingsh Length frequency data for each year
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and area were post-stratified by weekly time straength frequencies were determined
using the ‘catch.at.age’ software (Bull & Dunn 2D@&ich scales the length frequency from
each catch up to the tow catch, sums over catechesch stratum, scales up to the total
stratum catch, and then sums across the strajaeltboverall length frequencies. Numbers
of squid were estimated from catch weights usimgléimngth-weight relationship for observed
squid. See Appendix A for numbers-at-length plots.

Weekly catch weights

The catch weights for each week come from catch effait data requested from the
Ministry of Fisheries catch-effort database “wangho The data were groomed, with key
variable outliers (values outside acceptable bododshe variable) corrected using median
imputation. This involves replacing missing or @rtivalues with a median value calculated
over some subset of the data. See Appendix A feklyecatch weights table.

CPUE (Catch Per Unit Effort)

CPUE is assumed to be an index of abundance, \biimdance assumed proportional to
CPUE such that

CPUE = q X biomass
wheregq is the catchability coefficient.

Weekly CPUE analyses were conducted for Aucklafahtts 2008 and Snares 1990, 1991,
1994, 2008 (Appendix A). Estimates of relative wedtects in each CPUE model were
obtained from a stepwise multiple regression methadhich the data were modelled using a
lognormal generalised linear model following Dur20@2). A forward stepwise multiple-
regression fitting algorithm (Chambers & Hastie 1P%mplemented in the R statistical
programming language (R Development Core Team 2@@3) used to fit all models. The
algorithm generates a final regression model itezht and uses the week term as the initial
or base model in all cases. The reduction in residaviance relative to the null deviance is
calculated for each variable added to the base Imbbe variable that results in the greatest
reduction in residual deviance is added to the haselel if this would result in an
improvement in the residual deviance of more th#n The model repeats this process until
no new variables can be added.
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Chapter 6: The model

The aim of the model is to estimate escapementaldishing. Escapement is calculated as
the population that results from fishing divided thg population that would have existed if
no fishing had occurred. In order to estimate thaeseulations, the model uses the length
frequency data, CPUE indices and catch weights.

The distributions of the data should be explaindyefour processes: new recruitment
cohorts that come into the modelled populationjdsguowth, natural mortality, and fishing
mortality. The model attempts to create the distidns using parameters and equations that
most closely fit the data. The desired outcomedadetermine if the patterns in the data are
sufficient to estimated when the new recruitmerttiacts come in, how large they are, what
proportion of fish die naturally, what proportioreacaught, and which lengths are most likely
to be caught. If we can do this, we can then esérnie escapement.

Each season is initially modelled using one reoreitt cohort. Further cohorts are added
until there is no longer significant improvementagsult.

The initial state of the model has a null populatibhe population first becomes non-zero
when the first recruitment cohort is added to thistang population.

The length distribution of new recruitment cohattist enter the model follows a normal
distribution with estimated parameters (Table @&k initial population size in numbers and
the timing in weeks for each cohort are also egtchgparameters. The timing of each
recruitment cohort is a real number, and hence likely a new cohort will enter the model
mid-week. When this happens, its growth is caledator the proportion of week that
remains until the next whole week. The new cohothén added to the existing population at
the end of this week, such that it takes effe¢cheénmodel at the beginning of the next week.

Within each time-step (1 week) the sequence of tsviennatural mortality is removed, then
fishing mortality is removed, then the fish gromdaany new recruits this week grow), then
any new recruits are added to the existing poprgfigure 6a).

Table 6a: Data and parameters used in the models

Observed data with error:

Proportions by length for some weeks

CPUE These are what the model is fit to

Assumed known exactly:

Catch weights per week Used to calculate the etgtion rate

Fixed parameters:

Length bins
Dorsal mantel length (DML) bins for
which there are length-weight
conversion parameters
Length-weight conversion
Asnar Defined for DML 9-41cm
Defined for DML 9-41cm

bsnar
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Aauck

bauck
Natural mortality

Defined for DML 10-40cm
Defined for DML 10-40cm

week ™1

Estimated parameters

Recruitment cohort timing and populatio
rweek;

rweek,

rpopulation,

rpopulation,
Recruitment length distribution

Urecruit

Orecruit
Growth parameters

2
Ggrow
Selectivity

User
Osell

Oselr

Catchability coefficient

>

Timing of cohort 1 entering the
population

Timing of cohorin entering the
population
Initial* population of cohort 1

Initial population of cohort

Mean and standard deviation of length
recruitment for all cohorts

Parameters used to calculate the mea
growth per week vary depending on th
model selected (see Chapter 4.4)

Growth variance

Mean selectivity at length (cm)
Standard deviation for selectivity of
lengths< pg,,

Standard deviation for selectivity of
lengths> g,

Calculated using observed CPUE and

Instantaneous natural mortality in units

D

at

D =

estimated exploitable biomass

*at timerweek,
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Figure 6a: Procedure for the model
For weekaw = (start week, ..., first fishing week, ..., last fishing week)

Store this weeks
starting populatio

Calculate exploitation rate for this
week

Calculate catch for each length for
this week(equation 6.4a)

natural mortality and catch removed
(equation 6.4b)

(equation 6.5)

[ Calculate new population, with

Grow the fish }

Yes

Are there any new
recruitment cohorts thi

Calculate the new recruitment
(equation 6.6), including its
growth for this weeKequation

Add new recruitment to
existing population

( Repeat for next week, until
L the last fishing week
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Equations
These equations are programmed in R code and ADddB ¢Appendix C).

Equation 6.1: Selectivity
S 2-(U=nsed/oL)? 1<y
L= 2—((l—ﬂsel)/o-R )2, > Usel

l = length

l = length (cm)
User = mean length at selectivity (cm)
02,02, = selectivity variance (left and right respectively)

S, = selectivity for lengthl

Equation 6.2: Exploitation
Wiy Wiy

U, = =
w Bexp,w Zl(Nl‘We_MSlalb)

U, is the exploitation rate for week w

a,b are length — weight conversion parameters

S; is the selectivity for length | (Equation 6.1)

W, is the catch weight for week w

N,,, is the population in numbers for length |, week w

M is the natural mortality

Bexpw is the exploitable biomass in week w

Equation 6.3: Length to weight conversion
Parametera andb are taken from Hurst et al. (2012) and are sthézd in Chapter 4.3

w=al?
w is the weight (g)
lis the length (cm)

Equation 6.4a: Catch
Cl,w = Nl,we_MSlUw

Cyw is the catch in numbers for length | and week w

N,,, is the population in numbers for length | and week w before mortality
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M = instantaneous natural mortality
S; = selectivity for length | (Equation 6.1)

U,, = exploitation rate for week w (Equation 6.2)

Equation 6.4b: Population after catch
N,l,w = Nl,we_M — Cw

N';,, is the population for length |,week w, after natural and fishing mortality
have been taken out

Equation 6.5a: Growth
The probability of going from one length to anotieer

( exo | — Ot P#g,ll)z
P szagrow
=L —pig)ny 220
G(l,,1 = {ynl _ K=l —Plg, )
(L1, L2|p) k=1, €XP ( 207202 0
\ 0, otherwise

l; is the current length (cm)

l, is the future length (cm)

p is the proportion of time step (default is 1),p € [0,1]

The denominator ensures the probability of goilegnfone length to any other sums to 1.
Thus, no fish are lost or gained in the growingcpss.

Equation 6.5b Mean growth

1 parameter
Ug1 =9

2 parameters
Ug = intercept + grad X (I — Lyn)

Ifinal — Ystart

grad =

lmax - lmin

intercept = Gstare — grad X lyin
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3 parameters
grad X L+ g, —grad Xh, L<h
tgy = [growth in 7 days|L] =
—grad XL+ g, +grad Xh, L>h

_ Ih — Gfinal
lengths,,,c — h

grad

Equation 6.6: Length distribution at recruitment

/ exp <—(12—alzlrecruit)2> \

recruit

kZz [exp (_(lz_a;’;erciir:ity)])

Rl = Rpop

lis the length

w is the current week

R, is the number of recruits at length |
Ryop is the number of recruits

Urecruit LS the new recruitment mean length

Orecruit 1S the standard deviation for the new recruitment length

Equation 6.7: Natural mortality
Probability of a fish surviving natural mortalitgrf1 week= e

Equation 6.8: Likelihood for proportions at length (Fournier et al., 1990)
This is a robustified variation of the multinomiidelihood

—log(L) = O.SZ Z[log(El"W)] — Z Z [log [exp <_(glg; _/fll,’W) ) + 0.01”
w 1 w 1 wih W

here E|,, = (1 —E;, )E;,, + 01

where Lw — Lw)tlw ‘I’lfWXTll
le

E ., = -

bw XiNw

nfw is the number of fishing weeks for which we have length frequency data
nl is the number of length bins

O, is the observed proportion for length [, week w
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n,, is the number of tows sampled in week w

Equation 6.9: CPUE likelihood (Bull et al., 2008)
The error in the observed CPUE is assumed logntymatributed with covariance

—log(L) = Z \log(a) + 0.5 <w + 0.50) ]

where o = \/log(1 + ¢?) and c is assumed 0.3 Yw
C,, is the observed CPUE in week w

X,, is the estimated exploitable biomass in week w

q is the catchability coef ficient

Equation 6.10: Calculating q as a nuisance parameter (Bull et al., 2008)

<O.5nfw + Zw[log(CW/Xw)/02]>
q = exp

Ywl1/0?]

where C,,, X,, and o are as in Equation 6.9

Equation 6.11: Objective function
f = FL + CPUEL + CWpenalty

where F; is the Fournier log likelihood (Equation 6.8)
CPUE, is the CPUE log likelihood (Equation 6.9)

CWpenalty IS a penalty term applied when the expected catch weight dif fers from the actual
catch weight and is set at 1000

Equation 6.12: Escapement
This is a proportion, calculated as the populatimat is estimated to exist after fishing has
occurred, divided by the population would have &dswvith no fishing.

(Number of fish | fishing)
(Number of fish | no fishing)

depletion =

Equation 6.13: Variance of standardised difference of mean lengths
A measure of variance that takes into accountdhgpte sizes for each week (See Chapter 7

for further details).
w=Var l(ﬁw —-Ey)/ /(vw/sz)l

31



nl
— 2
where v,, = Z(IZEI‘W) - E,
=1

0,, and E,, are the observed and expected mean lengths in week t (respectively)

N,, is the number of tows sampled from in week w
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Chapter 7: Finding an appropriate multinomial sample size

It is assumed that the length frequency data isnale random sample; a samplerotinits
out of theN population units such that approximately every ohéhe ,C,, distinct samples
has an equal chance of being drawn (Cochran, 1¥76y. each week, tha squid measured
is considered to be the samplenafinits, then it is not a simple random sample. f£&eich
sample comes from measuring some squid, from some, from some trips by some boats.
Hence, every possible samplerosquid does not have an equal chance of seledtios.
commonly observed that fish in the same tow tenldetonore similar to each other in length
than are fish from different tows (Francis, 201Hgnce, in order to avoid over weighting
these it is necessary to use a sample size tinatigh less than the number of fish that have
been measured. Reducing the sample size down touhder of tows (Table 5.1) from
which squid were measured, results in a closercxpation to the correct weighting for a
simple random sample.

There are two ways to test the appropriatenesBeosample sizes in relation to the data and
simple random sample requirement. One is visualmg plots of the mean lengths. The
other is to calculate the variance of the standadlerror of mean lengths.

7.1: Testing the sample size visually

One way to visualise what the appropriate sammessbught to be is to plot the mean
lengths for each time step, including the 95% aerice interval for each mean (equation
7.1.1) using the assumed sample sizes. There sheuld jumps in the mean lengths that are
not covered by the confidence interval which carbeexplained by the model (such as new
recruitments coming in which could lower the meamgith significantly in one time-step). If
there are such jumps, the estimated sample siz@ashigh. Figures 7.1a and 7.1b
demonstrate this technique. Both use a constarpleasize for all weeks, but the idea is still
the same. The first plot (Figure 7.1a) is an examyhere the sample size has been set too
high. The model is unlikely to be able to fit thenp in mean length from week 10 to week
11. With the confidence intervals, this would regquan increase of nearly 3cm in one week
which is too high to be explained by growth or aslier element of the model. There is
another jump from week 13 to week 14 which may dsadifficult to fit given the fairly
gradual slope of the rest of the data points, wisighgest slower growth. The second plot
(Figure 7.1b) shows the same data but with a smsdi@ple size and hence larger confidence
intervals. The jump in mean length from week 1@veek 11 is now much smaller relative to
the confidence intervals. The confidence interadileeeks 13 and 14 now overlap, requiring
no increase of mean length from the model forwesk.

Equation 7.1.1: 95% confidence interval

St
o

N,, is the assumed multinomial sample size for week w
X,, is the sample mean length at week w (equation 7.1.2)
s2 is the sample variance of the mean length at week w (equation7.1.3)

95% Cl,, = X, + 1.96
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Equation 7.1.2: sample mean length

Xy = Z(Ol,wl)

x,, is the sample mean length at week w
l is the length bin (cm)
O, is the observed proportion for length | at week w

Equation 7.1.3: sample variance of mean length

5% = ) [0 = %)?]

l

s2 is the sample variance for week w

(@) (b)
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Figure 7.1: Observed mean length«). The vertical lines are 95% confidence intervals;alculated
assuming simple random sampling: a) N=100, b) N=2Plots produced for the purpose of illustration
only.

7.2: Calculating the variance of the standardised error of mean lengths

The idea for this method comes from the use of ghtdg parameter to calculate a new
sample size that is more appropriate for the dBlfés weighting method is explained by
Francis (2011). Instead of using it to calculateesv sample size, | will use it to check the
current sample sizes (these being the number of foweach week). This is because these
sample sizes are already very low and while |1 dowant to use them with blind faith,
lowering them even further may lead to gaining étie information from the data. In the
Fournier Likelihood (Equation 6.8), a very low sdengize results in the part of the sum
containing the observations tending to zero, tlakicing the effect these data have on the

model.
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The aim is to standardise the residL(a@ — EW) so that they all have the same variance and

then see whether this variance is consistent wighassumed sample siz6s, and E,, are
the observed and estimated mean lengths for week

The parameter, ,, are estimated using the constraint that the ataliged errors

S _ (5w - Ew )
Lw Xl,w
have constant variance=1

Var(Sl,W) =1,VvVIl,w

If our data set is a simple random sample, then

Var(5w - EW) = ;\/[—W
w

where
— 2 = 2
vy, = Z(l Eyw)—Ey
l

is the variance of the expected length distribution

Letting X, ,, = ;TW whereN,, is the number of tows for week

0, —E
Var(Sl,W) =Var <M>
Xt
2 — —
= (ﬁ) Var(OW —-E, )
vy \ 05 2 -
=) ) =

=1 iff N, = N, Vw

Var(Sl,W) is used to test whether the numbers of tows pekwepresent appropriate sample

sizes. How close it is to 1 will indicate how muble data are being under or over weighted.
Values much less than 1 suggest underweightingeofitita and values much greater than 1
suggest overweighting of the data.
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Chapter 8: Fitting the data

8.1: How many cohorts and what shape function for mean growth?

How many recruitment cohorts there are and whapestthe mean growth takes are two
major questions affecting the model chosen to fieshe data. The number of cohorts
required is generally easier to determine. It carséen by analysing the length frequency
plots and mean length plots. In the length frequentats, a bi-modal curve will be indicative
of a second cohort, a tri-modal curve indicatinidpied cohort and so on. In the mean length
plots, a sudden decrease in mean length, followedyrowth similar to that before the
decrease, suggests a new cohort. It is sometinsésr é@ see new cohorts in the mean length
plot than the length frequency plot. It is possitoliea new cohort to spread out the peak on a
length frequency plot and not show as an extra .pathis case, the mean length will still
drop and this will be easier to pick out than d@diaing of the length frequency curve. Figure
8.1a is an example of a new cohort that does romtyzme a bi-modal curve in the catch, even
though the catch is taken as a proportion fronstiected population.

Once the number of cohorts has been estimatedshthpe the mean growth takes can be
decided on the basis of an improvement in theofithe data as the complexity of the mean
growth function increases. If there is no significanprovement to the fit as a result of using
a more complex mean growth function, then the sempiodel will suffice and hence be
chosen. The functions for mean growth that | arirtggor are covered in section 4.4.

The objective function (Equation 6.11) and the aace of the standardised error of mean
lengths (Equation 6.13) can be used to help determiether significant improvement has
resulted from a model using more cohorts and/orencomplex mean growth. The objective
function will not be used formally (such as in Akalis Information Criterion) as this has
often been found to be unreliable with fisheriesdels. It will only be used to assist in the
analysis of the mean length, length frequency aRWE plots. The objective function is
always less for a model that is a better fit. Tlagiance of the standardised error of mean
lengths is usually less, but can be greater.dossible for the mean lengths to differ more for
a model that is a better fit. For example, whendlae two peaks in the length frequency
data, the mean length sits somewhere between #ks pdence, a model that fits both peaks
may fit the mean length worse than a model thattfie length frequencies poorly with only
one peak, but fits the mean length very well.

The selectivity curve defines the part of the papiah that the catch is taken from. It has a
significant effect on the parameters chosen tdhit model as it is only the selected (i.e.
vulnerable) population that is fitted to the dafde example plot of a population and the
selected population (Figure 8.1a) only the popaotataround the selectivity mean length
make up the selected population. Those shorter tiianwill show up in later weeks, but

those longer have very little effect on how the eldds to the data. This is worth bearing in
mind when examining the growth curves selectedn a®me cases they may be unrealistic
for squid of larger lengths, which is less of a@am given the selectivity.

Following is a full analysis of the models fittedl the Snares 2008 data. For the remaining
datasets, | have presented only a summary. Als@od tables relating to the analyses are
included in Appendix B.
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cehort mean length selectivity megfl h MNew cohort
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number of squid (millions)
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Figure 8.1a: Schematic showing a new recruitment ¢@rt coming into the total population and the
selected (vulnerable part of the) population from vkich the catch is taken. The colour of the line redfrs to
the total or selected population. The type of linéndicates the existing population, the new recruitrant
and the resulting population from adding the new reruitment to the existing population.

Snares 2008

A 1-cohort model was not sufficient to fit the Sem2008 data. The mean length plot (Figure
8.1.1c) shows a drop in mean length between weeksd45, which a model with only 1-
cohort cannot fit. This new cohort is also evidienthe length frequency plot (Figure 8.1.1d)
which shows bi-modality beginning at week 5 and gimgy to a single mode over the next
few weeks. Interestingly, in the models with lin@ad broken stick growth functions, the 1-
cohort model manages to fit this bi-modal curveusyng the recruitment mean length to
replicate one peak and the selectivity mean letmtteplicate the other. However, in doing
this the bi-modal curve also exists at week 4 whshot the case in the data. Had the bi-
modality been present for the first week, these eteodiould be able to fit the data with only
1-cohort even though it would look like two werergeused.

Increasing the number of cohorts from two to thgees little improvement in the fit. It is
difficult to see any improvement in the length fwegcy (Figure 8.1.1d) and mean length fits
(8.1.1c). The CPUE plots (Figure 8.1.1b) show sam@ovement, the most evident being in
the bottom right panel which compares 1, 2 andi8ds with linear growth. The curve goes
slightly higher into the peak around week 10 witle B8-cohort model. However, it is not
enough of an improvement to warrant the addititwal parameters of a third cohort.

For the 1-cohort model, constant growth is inadémjt@ fit the data, while for the 2-cohort
and 3-cohort models constant growth fits almosvel as linear or broken stick growth or 3-
cohort models in Figure 8.1.1b. The mean growth (fmure 8.1.1c) for 2-cohorts shows the
only improvement to be a small amount at week 5s Thalmost impossible to see on the
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length frequency plots (Figure 8.1.1d). The CPUE §bigure 8.1.1b) show a bit more of an
improvement. However, given none of the modelstditribly well to the CPUE, this

improvement is not significant enough. The objextiunction improves slightly, but not
substantially.

For the 1-cohort model using the linear and bradt®rk growth equations, growth increased
continuously with length (Figure 8.1.1a). This rwealistic and gives further evidence of the
inadequacies of the 1-cohort model. The 2-cohodt 3stohort models with linear growth
exhibit similar growth with that of the 3-cohort ol slightly slower.

The variance of the standardised error of meanthsnigpr the 2-cohort linear growth model
is 0.81 (Table 8.1.1a). As this is less than 1lisitikely the length data were not over-
weighted.

Ideal number of cohorts: 2

Ideal mean growth function: Constant (1 parameter)

Table 8.1.1a: Calculated objective function and vaance of standardised error of mean lengths for moel
fitted with 1, 2, and 3-cohorts and constant, lineaand broken stick mean growth for Snares 2008.

Variance of standardised
Obijective function error of mean lengths,
Var(Sl,W)
Mean growth . broken | constan . broken
constant linear : linear .
stick t stick
Number of
cohorts
1 -1042.86 - -1059.25| 1.58 1.21 1.17
1058.83
2 -1067.92 - -1070.17| 0.81 1.03 1.02
1070.16
3 -1068.87 - -1073.35| 0.92 1.06 0.89
1070.50

Table 8.1.1b: Timing and size of cohorts for modelfitted with 1, 2, and 3-cohorts and constant, lingr
and broken stick mean growth for Snares 2008.

1-cohort Cohort 1
Mean growth| wee size* Total size
k
constant 0.9 213 213
linear 1.4 2,741 2,741
Broken stick 1.3 2,615 2,615
2-cohorts Cohort 1 Cohort 2
Mean growth| wee size* week size* | Total size
k
constant -8.0 2,741 4.3 1,957 4,698
linear -7.8 2,466 4.9 1,889 4,355
Broken stick -7.8 2,729 50 2,056 4,785
3-cohorts Cohort 1 Cohort 2 Cohort 3 .
. . - Total size
Mean growth| wee size * week size * week size *
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k
constant -8.3 2,465 4.3
linear -6.6 2,248 4.1
Broken stick -5.0 2,741 4.9

975
1,537
1,599

5.0
7.0
5.2

655
508
1,124

4,095
4.293
5,464

*numbers in millions

Table 8.1.1c: Estimated parameters for Snares 2008odels with 1, 2, and 3-cohorts and constant, linea

and broken stick mean growth for Snares 2008.

Number of | Mean Usel Urecruit Escapem
cohorts grOWth (cm) Osell Oselr (Cm) Orecruit ent
constant | 25.02 6.62 2.80 9.07 8.59 0.85
1 linear | 22.00 4.97 3.61 18.75 3.60 0.95
broken stick | 22.30 5.16 3.46  13.37 6.63 0.94
constant | 22.00 5.61 3.60 15.82 2.96 0.89
2 linear | 21.62 4.46 3.58 1345 3.53 0.89
broken stick 21.61 4.47 3.58 13.47 3.53 0.90
constant | 21.91 5.80 3.59 16.52 3.08 0.88
3 linear | 21.57 4.68 3.57 13.16 3.64 0.90
broken stick | 21.46 5.06 3.76 17.91 2.58 0.92
Constant growth
— Linear growt
—— Broken stick growth
1 Coh
2C S
w0 | orts
g
T T T T T T T
10 15 20 25 30 35 40
lengths (cm)

Figure 8.1.1a: Expected mean growth per week by lgth from models with 1, 2, and 3-cohorts and

constant, linear and broken stick mean growth for 8ares 2008. The colour of each line indicates the
mean growth function and the type of line indicateshe number of cohorts. The dotted lines are for ta 3-

cohort models. The dashed lines are the 2-cohort mels. Note that linear and broken stick 2-cohort

models share the same line. The solid lines are thecohort models.
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Figure 8.1.1b: Observed CPUE compared to expectedRUE for models with 1, 2, and 3-cohorts and

constant, linear and broken stick mean growth for 8ares 2008.
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Figure 8.1.1c: Observed mean lengths with 95% comfénce intervals, compared to expected mean lengths
for models with 1, 2, and 3-cohorts and constantinear and broken stick mean growth for Snares 2008.
The vertical black lines show the 95% confidence tervals for the observations, calculated using the
number of tows (the numbers above the black linegs the actual sample sizes. The asterisks are theam
lengths from the data.

41



1-cohort

Week 4 Week 5 Week & Week 7 Week 8
B4 g4 B g g4 B4
a o 1 o 1 o 1 o 1 o
[ [ - [ N [ H [ N i [
=i =i = = = = = = 3 = =
= E E E E A E
=l S =l =l =7 i =l
=l g g g4 g ! g
=] S S S S S
= g = g B4 g {_
= = = ST 7T S Y—T—T—7T—T—T1 1 2
0 15 20 25 30 3 W 0 15 20 25 30 ¥ W 0 15 20 25 30 3 W 0 15 20 25 30 B W 0 15 20 25 30 B W0 10
Week 10 Week 11 Week 12 Week 13 Week 14
5 kS | & 5 kR R :
ca ol a ol a w : I [ - a ;{\ -
== 4 = 4 = =7 4 =h R * =7 ] *
=
22 2 2. 24 2 2.4
31: o o o .F o o
og | g = g j g4 =
=] =] =] =] =] =]
= | B |- = B I g g
= T T 2 T T T T L | T T T T T T 1 = =
I W 0 15 20 25 30 ¥ W 0 15 20 25 30 3 W 0 15 20 25 30 B W
Week 17 Week 18 Week 19
B4 | B a1 | B 8+
e H " H " "
=4 -3 = -3 = £
o =i =i =i
a2 a2 a2 a2
=l o = =
g4 g = g
=] =] =] =]
g e |8l e g
= T T 2 T L = T
0 15 20 25 30 3 W 10 15 5 30 3 W 0 15 20 25 30 3F W0 10 15 20 25 30 B W
Tength {cmy)
Week 5 Week & Week 7 Week 8
5| B 4 B B B H 4
o o ; o ; o ; o o
w ] -2 ] 2 ] 2 ] ]
o =l 3 =l 3 = - 3 =] =l
a2 a2 a2 a2 a2 a2
o =l =l = =] =
g g g g4 g g
=] S S S S S
g g = g B4 B4
= = = sS—T—T—7T—T 71 1 2 =
0 15 20 25 30 B W
Week 13
5] B4 B B4 B B4
o o ; o o o o
I I A H e I I I
== = o = =4 <4 =4
=] =i 3 =i =i =i =i
te= =z =z =z =z =z
ad =l =l = =] =
g !
o8 g = g g4 =
=] =] =] =] =] =]
g = —| B = g B4 B4
= T T T 1T T1 % L = = = =
0 15 20 25 30 3 W 0 15 20 25 30 ¥ W 0 15 20 25 30 B W
Week 16 Week 17 Week 18 Week 19
81 : 8- : 8-
Mo no 1
2 2 fhoT e 2 { H £ H
o =i Leeee 3 =1 FRCEE o -3
a2 a2 a2 'IJ a2
= =l =l ] =
g4 g = g
=] =] =] =]
B B B B S
= =TT T T T 1171 % T T 1T 1 1T 1. 1 2 T T T T T T T
0 15 20 25 30 ¥ W 0 15 20 25 30 3F W0 10 15 20 25 30 B W
Tength {cmy)
Week 5 Week & Week 7 Week 8 Week 9
B g 8 8 B H
o o o o o o
1 1 1 1
2 [ o2 [ 2 [ 2 [ [ o2
= El 3 =l 3 = . 3 =l = 3
= = = = / = = |
=l = =l =l N =l |
=l g g g4 g g
=] S S S S S \k
= --| B4 = g g B - -
S 7T T T 2 = = = ST
0 15 20 25 30 3 W 0 15 20 25 30 ¥ W 0 15 20 25 30 3 W 0 15 20 25 30 B W 0 15 20 25 30 B W0 0 15 20 25 30 B 40
Week 10 Week 11 Week 12 Week 13 Week 14 Week 15
B B B B B B
o o o o o o
1 1 1 1
ce 2 2 e i 2 e 2 e G2 e
55 7] = -3 = i 3 =N 3 =N s =
Sa g g g g i g
[=r=i =l =l = =] Y =
2
af g = g g4 =
=] =] =] =] =] =]
B -] B {— T | B e B = B4 B4
=T — e T T T T 1.1 = L e L L L L B B
0 15 20 25 30 3 W 0 15 20 25 30 ¥ W 0 15 20 25 30 3 W 0 15 20 25 30 B W 0 15 20 25 30 B W0
Week 16 Week 17 Week 18 Week 19
B4 84 . 8 8 :
K 1
[ 2 ;\t Tl 2 [
= 7] =i [ =] =
2 = i = =
= =l =l =
g4 g = g
=] =] =] =]
B g ] g B { S
= = = | T T T T T T T

% W B W

* Hengthcmy) ©
Figure 8.1.1d: Observed length frequencies compared expected length frequencies for models with 2,
and 3-cohorts and constant (1), linear (2) and bradn stick (3) mean growth for Snares 2008.
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Snares and Auckland Islands 2008

A model using combined data from the Snares andklaond Islands for 2008 was run to
determine whether it would provide any evidencestpport the idea that the two areas
consist of the same stock. The CPUE indices wergeadeusing a weighting system based on
the catch weight in each area for each week swatlfaheach week

catchg catch,
CPUE = CPUE; (—) + CPUE, <—)
catch; catch;

where CPUE, and catchg are the CPUE and total catch weight (respectively)for
the Snares

CPUE, and catch, are the CPUE and total catch weight (respectively)for the
Auckland Islands

catch; is the total catch weight of the Snares and Auckland Islands
Length frequencies were merged in the same waghGeeights were added together.

All models fitted to this dataset are somewhat tjoeable as there are quite a few peaks in
the length frequency plots (Appendix B, Figure 8b).that the models do not fit. As seen in
the mean length plot (Figure 8.1.2a), there iklitiformation (which we would expect to see
as some sort of trend in the mean lengths) abeumtan growth. The result of this is a very
messy plot of expected mean growth curves (Figute28), where the model fits to the data
have a wide range of mean growth.

In selecting the best of these models, there @eene suggesting a second cohort is required.
The drop in the mean length plot (Figure 8.1.2amfrweek 4 to week 5 requires a new
cohort.

There is no significant improvement from addingh&rd cohort or from increasing the
complexity of mean growth from constant growth.

Ideal number of cohorts: 2

Ideal mean growth function: Constant (1 parameter)
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Figure 8.1.2a: Observed mean lengths with 95% comfénce intervals, compared to expected mean lengths
for Snares and Auckland Islands 2008, for 1, 2, an@ mean growth parameters and 2-cohorts. The
vertical black lines show the 95% confidence interals for the observations, calculated using the nungy

of tows (the numbers above the black lines) as tlaetual sample sizes.
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Figure 8.1.2b: Observed length frequencies againskpected length frequencies for Snares and Auckland
Islands 2008, for 1, 2, and 3 mean growth parameterand 2-cohorts.
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Figure 8.1.2c: Expected mean growth by length fori&res and Auckland Islands 2008 from models with
1, 2, and 3 mean growth parameters and 2-cohorts. &n growth is the mean growth for 1 week.

Snares 1991

The model required 3-cohorts. There are two deeseas the mean length plot (Figure
8.1.3a) which only the 3-cohort models could fit The first is the drop in mean length from
week 4 to week 5. The second is a drop from weelo Zeek 15.
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Broken stick growth
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ok
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Figure 8.1.3a: Observed mean lengths with 95% comfénce intervals, compared to expected mean lengths
for Snares 1991, for constant, linear, and brokentiek mean growth and 3-cohorts. The vertical black
lines show the 95% confidence intervals for the olesvations, calculated using the number of tows (the
numbers above the black lines) as the actual sampdézes.

There is no support for increasing the complexitthe mean growth function. The fit to the
mean lengths (Figure 8.1.3a), length frequenciégu(E 8.1.3b) and CPUE (Figure 8.1.3d)
all show very little improvement. The model fitsyg@oorly to the CPUE in all cases. In fact,
the best fits to CPUE come from the 1-cohort mod@Elgure 8.1.3c). This suggests some
conflict between the CPUE data and length frequelats.
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Ideal number of cohorts: 3

Ideal mean growth function: Constant (1 parameter)
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Figure 8.1.3: Observed CPUE compared to expectedx@xploitable biomass for Snares 1991, for 1, 2, and
3 mean growth parameters and (a) 1-cohort (b) 3-cafits. Note, that the linear growth and broken stick
growth models share the same line, hence only thedken stick line is visible.

Snares 1990

A second cohort was required to fit the model. Wean length plot (Figure 8.1.4a) shows a
decrease in mean length somewhere after week befiode week 11 which requires a new
cohort. There are no length frequency data formtbeks in between 5 and 11. There is no
significant improvement from adding a third cohant,from increasing the complexity of the

mean growth function beyond constant. The modsltie CPUE well (Figure 8.1.4b). The

number of tows sampled is quite low for each wéledb(e 5.1), so the length frequency data
are given less weighting, which gives the CPUE naffect.

Ideal number of cohorts: 2

Ideal mean growth function: Constant (1 parameter)
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Figure 8.1.4b: Observed CPUE compared to expectedk@xploitable biomass for Snares 1990, for
constant, linear and broken stick mean growth and zohorts.
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Chapter 9: Discussion

9.1: Comparison of fitted models

For each of the four area and season combinatibed)est model was selected on the basis
of the number of recruitment cohorts and the besttion for the mean growth per week
(Chapter 8.1). This section compares the paranvedeies for these best models. Where a
parameter takes similar values across all datasetsy suggest this parameter could be held
fixed in future modelling of this fishery. Wherekay parameter varies significantly, it may
indicate possible inconsistencies between the mspdaking questions as to the reliability of
the results from the models.

The mean growth function selected was constant tiranvall cases. This does not suggest
the squid in the fishery for the given seasons gaéw constant rate. It simply means that
there was insufficient data supporting or requiramgnore complex mean growth function.

For future models of this fishery | recommend affgrmore complex functions for mean

growth.

The values of mean growth for all years in the 8savere similar, ranging from 0.78cm to

1.10cm per week (Table 9.1a). When the Aucklanani$$ and Snares data for 2008 were
combined, the mean growth was much lower at 0.58emwveek. This is to be expected, as
including the Auckland Islands data meant more iisthe later weeks, requiring the model

to retain more of the population at these lengths.

Table 9.1a: Expected parameter values from ‘best’ ndels as selected in section 8.1 for the four argaar
combinations; Snares 2008, 1991, 1990 and Snareslakuckland Islands combined 2008.

Number Mean Mean
Area and of growth | growth | pg, Urecruit Escapem
year cohorts | function | (ecm)™ | (M)  0gp  Osoir (€M) Grocruir €Nt
Snares 2008 2 | Constant 0.76 | 22.00 5.61 3.60 15.82 2.96 0.89
Snares and 2 | Constant 0.58 | 35.84 6.56 1.23 17.99 4,92 0.63
Auckland
Islands 2008
Snares 1991 3 | Constant 0.92 | 14.25 5.78 6.20 15.28 1.18 0.95
Snares 1990 2 | Constant 1.10| 24.06 12.14 0.80 16.04 2.09 0.83
Mean or Constant 0.84 | 24.04 7.52 296 16.28 2.79 0.83
mode
Standard 0.22 893 311 249 1.18 1.60 0.14
deviation

The mean length at selectivity ranged from 14.25tarjust over 24 cm for the Snares and
increased to 35.84 cm for the Snares and Aucklalahds 2008 combined. This range is
large and does not suggest a preferred value thad e used for future models. Further, a
significantly different mean length for the selgitii alters the whole parameter space of the
model and so it becomes difficult to draw conclasidhat can be applied to future models.
For example, compare the timing of the second ddieoenter the population and the mean
of its length distribution. A season modelled watlsecond cohort coming in at about week 4
with mean length of approximately 14 cm and meagtle at selectivity of approximately 14
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cm is going to be very different to one with thensasecond cohort timing and mean

recruitment length, but a mean length at selegtwit24 cm. The new cohort will have much

less effect in this second model but will be sigaint in the first. The escapement should be
relatively insensitive to varying mean lengths elestivity. Once recruitment comes into the
population, most of it remains there until it isested, after which a proportion is caught.

The mean length at recruitment was consistentdrtiiares models and somewhat higher for
the Snares and Auckland Islands 2008 combined. Memvehe left and right standard
deviations vary considerably.

Escapement, which is the key variable output froesé models, is relatively stable. For the
Snares, it ranges from 0.83 to 0.95 (Table 9.1d) iarconsiderably lower at 0.63 for the
Snares and Auckland Islands 2008 combined.

9.2: The modelling approach used and future recommendations

The post-season model for Arrow squid in the SnanesAuckland Islands investigated here
is an integrated model that fits to the CPUE insli¢dength frequency data and catch weights.
It treats the observations statistically, allowiiog outliers. The key output is the calculated
escapement rate. Also note-worthy are the fit 0GRPUE, the estimated growth rates and the
estimated number of cohorts.

The escapement rates across the ‘best’ models cethpaChapter 9.1 seem relatively stable
with a range of 0.83-0.95. This is promising foingsthis modelling approach for post-

season modelling of the squid fishery. Comparedh e common management target of
40% escapement (Beddington et al., 1990), the 83-8&alculated here could, with further

testing on more seasons, suggest the fisheryiiertly underexploited.

The CPUE was not convincingly fitted by the modalsnost cases. It is possible the CPUE
is not proportional to biomass, which is an assiuwnpinade in the model. It is also possible
the length frequency data are not representatitbeotatches, forcing the model to underfit
the CPUE in order to fit the length frequencies.alpreliminary analysis, Hurst et al. (2012)
found evidence suggesting the CPUE could prediatsyef high catches by week 8. Given
the poor fits to the CPUE when modelled togetheh whe length frequency data, the CPUE
alone may not be such a reliable indicator.

The growth for all ‘best’ models was found to best@ant with means ranging from 0.76 cm
per week to 1.10 cm per week. The growth ratesrich@ted by Uozumi (1998) were not
constant, but are in a similar range to this. Hetsal. (2012) estimated growth for Snares
2008 at 0.75-1.25 cm per week which is also simHFaiture models could assume constant
growth in this range, although | suspect lengtlqiency data sampled from a greater number
of tows each week may give more information on grewth and fit better to linear
decreasing growth.

Due to the similarity between fish lengths from gane catch (Francis, 2011), it would be
better if observations for the length frequencyadatcussed on sampling a large number of
tows (and hence catches) rather than a large nuofbeguid, potentially from only a few
catches.
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The model could be improved if it incorporated memrces of variation, allowing for a
range of feasible values for the length to weiginwersion. This would create more variation
in the results. Simulations could be run to det¢ldeimportance of this variation, whether it
makes it harder to detect cohorts and what eftdws on calculating the escapement.

Uozumi (1998) found evidence that the squid growdifferent rates based on when they
spawn. This model may benefit from keeping theottshseparate throughout the time steps
so they can grow at different rates. It is unlikédg growth information in the data analysed
here is strong enough to support growth that vdryesohort, given it didn’t require it to vary
by length (constant growth was selected in all €agdowever, it may be beneficial if this
modelling approach is to be used for post-seasatetiiog of future seasons which may use
more suitable sampling of the catches for the kefigiqguency data.
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Figure Ala: Length frequency of arrow squid takenin target arrow squid commercial catches from the
SNARES SHELF trawl fishery 1990 sampled by the Obseer Programme. n, number of tows sampled;
no., number of fish sampled (Hurst et al., 2012).
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Figure Alb: Length frequency of arrow squid takenin target arrow squid commercial catches from the
SNARES SHELF trawl fishery 1991 sampled by the Obseer Programme. n, number of tows sampled;

no., number of fish sampled (Hurst et al.,

2012).
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Figure Ald: Length frequency of arrow squid takenin target arrow squid commercial catches from the
SNARES SHELF trawl fishery 2008 sampled by the Obseer Programme. n, number of tows sampled;

no., number of fish sampled (Hurst et al., 2012).
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Figure Ale: Length frequency of arrow squid takenin target arrow squid commercial catches from the
AUCKLAND ISLANDS trawl fishery 2008 sampled by the Observer Programme. n, number of tows
sampled; no., number of fish sampled (Hurst et al2012).
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Table A2a: Snares CPUE estimated values (arbitrarynits) and CVs for the lognormal, target squid by
week for the fishing years 1990, 1991 and 2008 (Hsiret al. 2012).

1990 1991 2008
CPUE CV CPUE CV CPUE cCV
1 206 0.13 0.76 0.06 - -
2 272 0.12 0.61 0.06 - -
3 272 0.10 0.51 0.07 - -
4 1.62 0.12 0.63 0.06 - -
5 0.90 0.25 1.24 0.07 1.33 0.07
6 112 0.15 1.64 0.06 0.66 0.06
7 0.41 0.24 0.99 0.06 0.65 0.06
8 124 0.24 0.99 0.06 1.29 0.06
9 1.11 0.18 0.88 0.07 1.02 0.06
10 1.30 0.23 1.14 0.07 1.01 0.07
11 0.74 0.15 1.24 0.13 1.59 0.09
12 0.68 0.16 244 0.06 1.25 0.17
13 0.84 0.17 1.30 0.06 0.85 0.09
14 - - 0.93 0.08 0.67 0.10
15 1.00 0.33 141 0.12 0.68 0.14
16 0.53 0.43 0.63 0.20 0.80 0.15
17 0.25 0.47 1.76 0.24 1.37 0.15
18 - - 1.14 0.18 195 0.35
19 - - 0.86 0.29
20 - - 0.60 0.36
21 - - CPUE CV
22 - -

Table A2b: Auckland Islands CPUE estimated valuesafbitrary units) and CVs for the lognormal, target
squid by week for the fishing year 2008 (Hurst etlg 2012).

2008

CPUE oV

1 - -
2 - -
3 - -
4 - -
5 - -
6 - -
7 - -
8 1.46 0.12
9 1.24 0.09

el =
= o
==
B
A O
© o
o K
® w

12 091 0.11
13 153 0.11
14 1.19 0.09
15 0.89 0.08
16 0.78 0.11
17 0.37 0.16
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Table A2c: Catch weights (t) for all vessels for edn week for selected years (Hurst et al. 2012).

Snares shelf Auckland Islands
Week 1990 1991 1994 2008 2008
1 784.7 555.0 0.00 1006.8 -
2 14655 5354 - 920.8 -
3 19344 277.7 - 1750.6 -
4 613.4 689.0 - 2208.6 -
5 104.9 1056.8 0.07 2108.7 6.4
6 227.7 2074.6 0.04 41549 6.5
7 40.7 967.5 0.05 3205.3 89.3
8 106.4 1278.0 0.08 22147 1327.5
9 200.0 647.2 0.11 1360.0 2596.5
10 140.2  793.7 0.06 2537.2 1032.6
11 386.7 220.8 0.16 1689.4 2406.2
12 172.2 3195.7 0.11 3209.5 1280.0
13 245.3 1450.0 0.14 1295.1 1822.9
14 6.2 433.3 0.12 731.2 1962.0
15 41.0 207.7 0.30 230.9 2505.6
16 19.5 415 0.15 265.0 1286.8
17 12.7 89.7 0.14 1025 325.2
18 - 104.2 0.00 136.1 102.3
19 - 70.8 - 50.5 -
20 - 0.00 - -
21 3 0.00 0.18 3 -
22 3 0.00 0.25 3 -
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Appendix B

Snares 2008

Table B.1a: Calculated objective function and variace of standardised error of mean lengths for model
fitted with 1, 2, and 3-cohorts and constant, lineaand broken stick mean growth for Snares 2008.

L . Variance of standardised error of
Objective function
mean lengths/ar(S,,,)
Mean growth . broken . broken
constant linear . constant linear .
stick stick

Number of cohorts

1 -1042.86  -1058.83 -1059.25 1.58 1.21 1.17

2 -1067.92 -1070.16 -1070.17 0.81 1.03 1.02

3 -1068.87 -1070.50 -1073.35 0.92 1.06 0.89

Table B.1b: Timing and size ofcohorts for models fied with 1, 2, and 3-cohorts and constant, lineaand
broken stick mean growth for Snares 2008.

1-cohort Cohort 1
Number of | week size* Total size
parameters
1 0.9 213 213
2 1.4 2,741 2,741
3 1.3 2,615 2,61%
2-cohorts Cohort 1 Cohort 2
Number of | week size* week size* Total size
parameters
1 -8.0 2,741 4.3 1,95 4,698
2 -7.8 2,466 4.9 1,889 4,355
3 -7.8 2,729 5.0 2,056 4,785
3-cohorts Cohort 1 Cohort 2 Cohort 3
Number of | week size * week size * week size * | Total size
parameters
1 -8.3 2,465 4.3 975% 5.0 645 4,005
2 -6.6 2,248 4.1 1,53f 7.0 508 4,203
3 -5.0 2,741 4.9 1,599 5.2 1,124 5,464

%

numbers in millions

Table B.1c: Estimated parameters for Snares 2008 rdels with 1, 2, and 3-cohorts and constant, linear
and broken stick mean growth for Snares 2008.

Number of Usel Urecruit Escapeme
cohorts Mean gI’OW'[h (Cm) Osell Oselr (Cm) Orecruit nt
constant 25.02 6.62 2.80 9.07 8.59 0.85
1 linear 22.00 4.97 3.61 18.75 3.60 0.95
broken stick 22.30 5.16 3.46 13.37 6.63 0.94
constant 22.00 5.61 3.60 15.82 2.96 0.89
2 linear 21.62 4.46 3.58 13.45 3.53 0.89
broken stick 21.61 4.47 3.58 13.47 3.53 0.90
constant 21.91 5.80 3.59 16.52 3.08 0.88
3 linear 21.57 4.68 3.57 13.16 3.64 0.90
broken stick 21.46 5.06 3.76 17.91 2.58 0.92
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Figure B.1d: Observed length frequencies comparedtexpected length frequencies for models with 1, 2
and 3-cohorts and constant, linear and broken sticknean growth for Snares 2008.
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Snares and Auckland Islands 2008

Table B.2a: Calculated objective function and variace of standardised error of mean lengths for model
fitted with 1, 2, and 3-cohorts and constant, lineaand broken stick mean growth for Snares and

Auckland Islands 2008.

L . Variance of standardised error gf
Objective function
mean lengths/ar(S,,,)

Number of 1 2 3 1 5 3
parameters
Number of cohorts

1 -922.62 -927.93 -927.99 2.52 2.76 2.23

2 -934.06 -936.00 -928.93 2.65 2.19 1.97

3 -937.51 -937.51 -937.77 2.19 2.19 1.17

Table B.2b: Timing and size of cohorts for modelsitted with 1, 2, and 3-cohorts and constant, lineaand
broken stick mean growth for Snares and Auckland Ilnds 2008.

1-cohort Cohort 1
Number of | week size* Total size
parameters
1 -6.5 152 152
2 -3.5 122 122
3 -9.2 156 156
2-cohorts Cohort 1 Cohort 2
Number of | week size* week size * Total size
parameters
1 -8.6 22 4.0 86 108
2 7.7 25 2.2 95 120
3 -3.6 108 9.4 41 149
3-cohorts Cohort 1 Cohort 2 Cohort 3
Number of | week size * week size * week size * Total size
parameters
1 -4.8 21 4.0 60 10.0 24 14
2 -4.8 21 4.0 60 10.0 24 14
3 -6.0 22 4.0 4(Q 4.9 58 11

*

numbers in millions

Table B.2c: Expected parameters for Snares and Autknd Islands 2008 models with constant, linear and
broken stick mean growth and 1, 2, and 3-cohorts.

Number of
Number of mean growth | p Urecruit Escapeme
cohorts parameters (cm) Osell Oselr (cm) Orecruir Nt
1 38.63 7.66 0.50 15.93 5.00 0.39
1 2 37.99 7.51 0.61 17.68 4.82 0.58
3 37.69 6.93 0.70 14.47 4.29 0.27
1 35.84 6.56 1.23 17.99 4.92 0.63
2 2 38.43 7.69 0.50 16.94 3.31 0.49
3 36.78 6.61 1.02 16.32 4.96 0.57
1 34.61 6.49 1.82 17.74 4.70 0.84
3 2 34.61 6.49 1.82 17.74 4.70 0.84
3 36.58 7.35 8.95 17.64 3.89 0.60
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Figure B.2d: Observed length frequencies comparedot expected length frequencies for Snares and
Auckland Islands 2008, for constant, linear and brken stick mean growth and 1, 2 and 3-cohorts. The
last set of graphs show the constant growth (1 mearowth parameter) model with 1, 2 and 3-cohorts.
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Snares 1991

Table B.3a: The calculated objective function and ariance of the standardised error of mean lengthsof
models fitted with 1, 2, and 3-cohorts and constantinear and broken stick mean growth for Snares 191.

L . Variance of standardised error of
Objective function
mean lengths/ar(S,,,)

Number of 1 2 3 1 5 3
parameters
Number of cohorts

1 -902.44 -905.38 -907.46 12.35 15.29 7.62

2 -911.61 -917.47 -920.78 4.87 4.59 4.28

3 -939.66 -946.80 -946.80 3.01 3.02 3.02

Table B.3b: Timing and size of cohorts for modelsitted with 1, 2, and 3-cohorts and constant, lineaand
broken stick mean growth for Snares 1991.

1-cohort Cohort 1

Number of week size* Total size

parameters

1 -3.0 238 238

2 -1.0 243 243

3 -1.7 171 171

2-cohorts Cohort 1 Cohort 2

Number of week size* week size* Total size

parameters

1 -2.3 1,332 12.0 732 2,064

2 -1.3 2,057 12.0 1,14p 3,199

3 0.7 590 14.0 280 870

3-cohorts Cohort 1 Cohort 2 Cohort 3

Number of | week  Population* week size* week size* | Total size
parameters

1 0.7 764 4.6 1,102 13.0 955 2,8
2 0.7 49 4.9 77 13.0 33 15
3 0.7 49 4.9 77 13.0 33 15

N
OQO'_‘

*numbers in millions

Table B.3c: Expected parameters for Snares 1991 meld with constant, linear and broken stick mean
growth and 1, 2, and 3-cohorts.

Number of
Number of mean growth | p Urecruit Escapeme
cohorts parameters (cm) Osell Oselr (cm) Orecruir Nt
1 25.45 14.13 0.50 9.00 2.51 0.74
2 25.33 19.95 0.50 9.00 3.19 0.54
3 25.33 7.07 0.50 13.02 0.73 0.70
1 14.61 1.05 6.47 9.45 3.29 0.91
2 14.46 0.99 6.58 9.52 3.64 0.91
3 14.89 1.34 6.42 11.77 2.81 0.86
1 14.25 5.78 6.20 15.28 1.18 0.95
2 24.18 20.00 1.27 15.01 1.25 0.41
3 24.18 20.00 1.27 15.01 1.25 0.40
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Snares 1990

Table B.4a: The calculated objective function andhe variance of the standardised error of mean lenbs
for model fitted with 1, 2 and 3-cohorts and constat, linear and broken stick mean growth for Snares
1990.

L . Variance of standardised error gf
Objective function
mean lengths/ar(S,,,)

Number of 1 2 3 1 5 3
parameters
Number of cohorts

1 -503.54 -506.70 -506.70 0.67 0.82 0.83

2 -507.58 -507.58 -509.49 0.62 0.62 0.22

3 -507.58 -507.58 -510..43 0.62 0.62 0.43

Table B.4b: Timing and size of cohorts for modelsitted with 1, 2, and 3-cohorts and constant, lineaand
broken stick mean growth for Snares 1990.

1-cohort Cohort 1
Number of | week size* Total size
parameters
1 -10.0 55 55
2 -5.8 47 47
3 -5.8 47 47
2-cohorts Cohort 1 Cohort 2
Number of | week size * week size * Total size
parameters
1 -2.0 40 7.4 15 5%
2 0.0 34 7.9 10 44
3 -1.1 35 7.1 11 46
3-cohorts Cohort 1 Cohort 2 Cohort 3
Number of | week size * week size * week size * | Total size
parameters
1 -2.0 40 7.4 15 12.9 D 55
2 0.0 34 7.9 10 12.0 D 44
3 -1.1 27 1.9 6 7.1 11 44

*

numbers in millions

Table B.4c: Expected parameters for Snares 1990 mel$ with constant, linear and broken stick mean
growth and 1, 2, and 3-cohorts.

Number of
Number of mean growth | pg,, Urecruit Escapeme
cohorts parameters (cm) Osell Oselr (cm) Orecruit Nt
1 23.36 4.22 1.21 9.00 4.23 0.51
1 2 24.27 5.60 0.50 12.10 5.00 0.69
3 24.27 5.59 0.50 12.09 5.00 0.75
1 24.06 12.14 0.80 16.04 2.09 0.83
2 2 24.80 11.26 0.50 18.00 2.02 0.y7
3 24.83 10.49 0.59 17.30 1.76 0.Y9
1 24.06 13.20 0.81 16.01 2.04 0.48
3 2 24.80 11.26 0.50 18.00 2.02 0.v7
3 24.83 19.70 0.83 17.46 1.48 0.93
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Figure 8.3.: Observed length frequencies comparea texpected length frequencies for Snares 1990, foy
2, and 3 mean growth parameters and 1, 2 and 3-cotte. Last plot shows the constant growth (2 mean
growth parameters) model with 1, 2 and 3-cohorts.

82



Appendix C
R code and ADMB code

83



H:\Squid2012\write up\code printed\squid_model.tpl

Tuesday, 19 March 2013 9:47 a.m.

/[finds optimised parameters for squid_model

DATA_SECTION
/ldata brought from .dat file
init_number nfw_data
init_vector data_fishing_weeks (1, nfw_data ) //the fishing weeks we have proportions at
length data for. Often non continous and don't incl ude the full season, as the catch
weight weeks do (below)

init_number nfw_cont

init_vector cont_fishing_weeks (1, nfw_cont ) //continous version of the length frequency
data weeks

init_number nfw_all /Inumber of fishing weeks for which we have catch w eights

init_vector all_fishing_weeks

(1, nfw_all ) /lthese are all fishing weeks we have catch

weights for (encompases both fishing weeks above)

init_number
init_number

init_vector lengths

last_fw

/Ithe last fishing week

nl /Inumber of length bins

init_vector obs_weights

init_number

ncpw

init_vector cpue_weeks

init_vector cpue
init_vector obs_catch_proportions

frequency) data

(1, nl) /lthe length bins
(1, nfw_all

/Inumber of cpue weeks

(1, ncpw) //weeks we have cpue indices for

(1, ncpw) //lthe cpue indices

) /lobserved catch weights for each week

(1, nl *nfw_data ) //observed proportions at lenght (length

init_number max_pop /Isize limit used for recruitment cohorts
init_vector N (1, nfw_data ) //sample sizes (number of tows sampled from for eac h week)
init_vector Iw_conversion (1,2) /laand b, the length to weight conversion paramete rs

init_number start_mu_sel /Istarting value for selectivity mean length
init_number nmg /Inumber of mean growth parameters

init_number nc /Inumber of cohorts

init_number rweekl min /Imin and max values for recruitment weeks and size S
init_number rweekl max

init_number rweek2_min

init_number rweek2_ max

init_number rweek3_min

init_number rweek3 max

init_number rweekl_start /Istart values for recruitment weeks and sizes
init_number rpopl_start

init_number
init_number
init_number
init_number

rweek2_start
rpop2_start
rweek3_start
rpop3_start

PARAMETER_SECTION

/ITHE PARAMETERS FOR ESTIMATING
/'l estimate selectivity parameters

init_bounded_number mu_sel (10, 40,1)
init_bounded_number sig_selL (0.5,20,1)
init_bounded_number sig_selR (0.5,20,1)
/'l estimate growth parameters
init_bounded_number var_grow (0.05,3,1)

/I'1 PARAMETER MEAN GROWTH - CONSTANT

init_bounded_number mgl

(05,20, 1)

/Il 2 PARAMTER MEAN GROWTH, - 1 STRAIGHT LINE
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init_bounded_number mg_start (05,2, 1)
init_bounded_number mg_final (0,1.5,1)

1111113 PARAMETER MEAN GROWTH, - 2 STRAIGHT LINES

init_bounded_number fnl (0,1.5,1) /lf(length_max) . The growth rate at the last lengt h for
which we have LF data and length-weight conversion parameters. lengthsnl]

init_bounded_number h (9, 25, 1) //hin vertex parabola equation. The length at whic h the
growth rate is at maximum or minimum

init_bounded_number k (0, 2, 1) //kin vertex parabola equation. The maximum or min imum

growth rate

/I estimate new recruitment parameters
init_bounded_number rpopl (0, max_pop, 1)
init_bounded_number rweekl (rweekl_min , rweekl max , 1)

init_bounded_number rpop2 (0, max_pop, 1)
init_bounded_number rweek2 (rweek2_min , rweek2_max , 1)

init_bounded_number rpop3 (0, max_pop, 1)
init_bounded_number rweek3 (rweek3_min , rweek3 _max , 1)

init_bounded_number recruit_mu (9,18, 1) /lthe minimum length is 9 for snares and 10 for
auckland islands
init_bounded_number recruit_sig (05,5, 1)

/IALL OTHER PARAMETERS
/I estimate natural mortality
number M

/IEXPLOITATION

number exploitB /lexploitable biomass. used to calculate exploitati on
vector U (1, nfw_all ) //fishing exploitation rate

number out_of bounds /lused for penalty

/ILENGTH TO WEIGHT CONVERSION
number a // paramters for length to weight conversion
number b

/[SELECTIVITY
vector selectivity (1,nl)

/INEW RECRUITMENT

number nr

vector new_recruit (1, nl') /lfor calculating new recruitment

vector new_recruit_grow (1, nl) /lused when growing the new recruit

vector recruit_growth_denom (1, nl) /lrecruitment growth denominator, used to normalise

growth probability

number this_proportion /lused to calculate the amount of growth for the ne w recruitment in
it's first week (for when it comes in part way thro ugh a week)

number this_population /lused when taking natural mortaltiy out of new rec ruitments
vector this_weeks_total_recruitment (1, nl') /Ineeded for if there is more than 1 recruitment

in a week

vector recruit_pops (1,3)

vector recruit_weeks (1,3)

//[POPULATION
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vector temp_pop (1, nl) //stores the current population for each week (it's replaced each
week)

vector temp_pop_grow (1, nl) //used to calculate population growth for each week (replaced
each week)

/I[UNFISHED POPULATION and DEPLETION

vector temp_unfished_pop (1,nl)

vector total_unfished_population (1, nfw_all )
vector dep (1, nfw_all )

/IGROWTH

number this_grad /lused in calculating linear mean growth 2 and 3 pa rameter

number this_intercept /lused in 2 parameter linear mean growth

number left_intercept /lused in calculating mean growth

number right_intercept /lused in calculating mean growth

number temp_sum //used when normalising new recruit that has just g rown. stores the sum of
the unnormalised grown vector

number this_sum  //used to store the pre-growth sum of a population vector (temp_pop). Used
for normalising the grown vector

number this_delta /lused to store change in length

vector mean_growth_pars (1, 3) /lstores mean growth parameters, just because it's easier for
outputting them

vector ave_growth (1, nl)

number this_mean_growth

number this_a  //used for parabolic mean growth

matrix temp_growth_mat (1,nl,1,nl) /lused to grow the squid

/IWEEKS

number ffw  //first fishing week
number last week

number fw //fishing week
number first week ;

/IESTIMATED CATCH WEIGHTS
vector est_weights (1, nfw_all ) //stores calculated estimated catch weights for eac h week

/IESTIMATED CATCHES

matrix pred_catch (1,nl, 1, nfw_all ) //stores the calculated catches (in NUMBERS) for ea ch
length and week

matrix E_matrix (1, nl, 1, nfw_data ) //stores estimated catches as proportions at length for
each week that we have proportions at length data f or

vector E (1, nl *nfw_data ) // stores pred_catch as a vector of PROPORTIONS

number data_w //used to track the weeks for data_fishing_weeks (t he weeks we have

proportions at length data for)

/ISTORED ESTIMATED POPULATION AND CATCH NUMBERS
vector total_population (1, nfw_all ) //weight
vector total_catch (1, nfw_all ) //number

/ICPUE AND CATCHABILITY COEFFICIENT

number g //catchability coefficient

vector expB (1, nfw_all ) //exploitable biomass for each week
number ¢ //c.v. of cpue, but will be estiamted here as 0.3
number cpw //counter for cpue weeks

number sum3 //sum 3 and 4 used to calculate g

number sumé4

number sig2 //sigma squared, used in calculating q

-3-
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number sigl //square root of sig2

/[calculatign difference of mean length for each we ek penalty
vector E_mean (1, nfw_data )

vector O_mean (1, nfw_data )

number mean_penalty

/ICALCULATING OBJECTIVE FUNCTION
number this_weeks suml

number this_weeks sum?2

number this_z

number eps

number this_E_prime

number this E

number this_O

number suml

number sum?2

objective_function_value f

INITIALIZATION_SECTION

/Iset the initial values for these parameters to th ose values created randomly in R and
written to the .dat file

rweekl rweekl start

rpopl rpopl_start

rweek2 rweek2_ start

rpop2 rpop2_start

rweek3 rweek3 start

rpop3 rpop3_start

mu_sel start_ mu_sel

PROCEDURE_SECTION

i f(nmg>=1 && nmg<?){
/IOVERWRITE AVERAGE GROWTH WITH VECTOR OF ESTIMATEWALUES
for(int 1=1; I<=nl; |++){
ave_growth [1]=mgl

mean_growth_pars [ 1]
mean_growth_pars [ 2] =
mean_growth_pars [ 3]

-
@

se i f(nmg==2){
/2 PARAMETERS, 1 STRAIGHT LINE
this_grad =(mg_final -mg_start )/ (lengths [nl]-lengths [1]);
this_intercept =mg_start -this_grad *lengths [ 1];
for(int 1=1; I<=nl; |++){

ave_growth [I1]=this_grad *lengths [I] +this_intercept

mean_growth_pars [ 1] =mg_start ;
mean_growth_pars [ 2] =mg_final ;
mean_growth_pars [ 3]
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} else if(nmg==3){
/111l 3 PARAMETERS TAKE 2, 2 STRAIGHT LINES
this_grad =(k-fnl )/ (lengths [nl]-h);

left_intercept =k- this_grad *h;
right_intercept =k+this_grad *h;
for(int 1=1; I<=nl; |++){

i f(lengths [1]<h){
ave_growth [1]=this_grad *lengths [I] +left_intercept
} else {
ave_growth [1]=-this_grad *lengths T[] +right_intercept

}
}
mean_growth_pars [ 1] =fnl
mean_growth_pars [ 2] =h;
mean_growth_pars [ 3] =k;
}
/Ipopulation recruitment population and timing vect ors

recruit_pops [ 1] =rpop1l ;
recruit_pops [ 2] =rpop2 ;
recruit_pops [ 3] =rpop3 ;

recruit. weeks [ 1] =rweekl ;
recruit. weeks [ 2] =rweek?2 ;
recruit. weeks [ 3] =rweek3 ;

/Iset natural mortality
VE

/Iset length to weight conversion parameters
a=lw_conversion [1];
b=lw_conversion [2];

last week =nfw_all ;//max(data_fishing weeks); CHANGE
first week =-10;

/Iset objective function to O before we start
f=0;

temp_pop =0;
temp_unfished_pop =0;

/[calculate selectivity for each length and store i n vector selectivity
for(int 1=1; I<=nl; |++){
i f(lengths [1]<=mu_sel){
selectivity [1]=pow( 2, -pow(((lengths [l]-mu_sel)/sig_selL ), 2));
} else {
selectivity [1]=pow( 2, -pow(((lengths [I1]-mu_sel)/sig_selR ), 2));
}

for(int w=(-10); w<=value (last_ week ); w++){
this_weeks_total_recruitment =0;
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/lif there is no population yet, skip to adding new recruitments
i f(sum(temp_pop )>0){
/lif its not a fishing week, just take out natural mortality

i f(w<l){ //we have weekly catch weight data from week 1

temp_pop =temp_pop *exp(-M;
/I temp_pop=temp_pop;

} else {
/lif it is a fishing week, take out catch and natur al mortality
for(int 1=1; I<=nl; |++){
total_population [wW] +=temp_pop [ | ] *a* (pow(lengths [1],Db));
total_unfished_population [ W] +=temp_unfished_pop [I|]*a*(pow(lengths [1],b));
}
/Iready to calculate total estimated catch weight f or this week

est_weights [ w] =0;

/[calculate exploitation rate
U w] =0; /Iset exploitation rate to 0
exploitB =0; //set exploitatble biomass to 0
for(int 1=1; I<=nl; |++){
/[calculate exploitable biomass
exploitB  +=temp_pop [ | ] *exp (- M * selectivity [1]*a*(pow(lengths [1],Db));
}

expB[ w] =exploitB

i f(exploitB >0){

/[calculate exploitation rate, providing exploitabl e biomass is greater
than O
U w] =obs_weights [ w] / exploitB
}
/Irestrict the exploitation rate to being less than 0.9
if(yUw >0.9){
Uw =09 ;
/ladd to the objective function as a penalty for wa nting to stray
outside the exploitation limit
f=f+1000;
}
/[calculate catch and new population
for(int 1=1; I<=nl; |++){
/lestimated catch in numbers for this week and leng th

pred_catch [1][w =temp_pop [I]*exp (- M * selectivity [11*Uw;

/lestimated population in numbers for this week and length, with catch
and natural mortality removed

temp_pop [ ] =temp_pop [ ] *exp(-M -pred_catch [I][W;

/lestimated population in numbers for this week and length, with natural
mortality removed, but NOT CATCH
temp_unfished_pop [|]=temp_unfished_pop [I]*exp(-M;

/Istore total estimated catch weight for this week
est_weights [ w] =est_weights [w] +pred_catch [I][w *a*(pow(lengths [I],Db));
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/Istore total catch in numbers for this week
total_catch [ W] =colsum ( pred_catch , w);

/[calculate any recruits that come in this week and grow accordingly
for(int r=1; r<=nc; r++){
new_recruit =0;
i f(w<=recruit_weeks [r] && w#l>recruit weeks [r]){
/lhow much the fish grow this week depends on how f ar through the week they
arrive
this_proportion =w+t1-recruit_weeks [r];

this_population =recruit_pops [r];

i f (this_population >0){
/Ipopulate new recruitment with normal distribution
for(int 1=1; I<=nl; |++){
new_recruit [1]=1/(pow(2*M_PI, ) * recruit_sig ) *exp (- pow(
recruit. mu -lengths [1], 2)/(2* pow( recruit_sig , 2))) *this_population ;

/[calculate the new post growth recruitment

new_recruit_grow  =0*new_recruit ;

for(int 1=1; I<=nl; |++){

for(int k=1; k<=l; k++){

this_mean_growth  =ave_growth [Kk];
new_recruit_grow [ ]+=(1/ pow( 2* M_PI* pow( this_proportion ,2)*
var_grow , )) *(exp (- pow((lengths [I]-lengths [K] - this_proportion *
this_mean_growth ), 2)/ ( 2* pow( this_proportion , 2) *var_grow )))*
new_recruit [ K];

/Inormalise new_recruit_grow
new_recruit =0* new_recruit_grow
temp_sum=sum( new_recruit_grow ) ;
for(int 1=1; I<=nl; |++){
new_recruit [1]=(new_recruit_ grow [I]/temp_sum) *this_population ;

/Ithis weeks total recruitment is set back to 0 at the start of each week,
then added to for any new recruits that come in
this_weeks_total recruitment =this_weeks_total recruitment +new_recruit

/if isn't any population, don't grow it
i f(sum(temp_pop )>0){
P (w==17){
test_growthl =temp_pop ;
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/IGROW POP

/Iset entries in growth matrix to 0

/[ temp_growth_mat=0;

for(int k=1; k<=nl; k++){
this_mean_growth  =ave_growth [Kk];

for(int 1=k; I<=nl; |++){
this_delta  =lengths [1]-lengths [K];
temp_growth_mat [Kk][!1]=(1/pow(2*M_PIl*var_grow |, )) *(exp (- pow( (this_delta -
this_mean_growth ), 2)/ (2*var_grow ))) *temp_pop [ K] ;
}
i f(w==17){
for(int 1=1; I<=nl; |++){
test_growth2  [1]=colsum (temp_growth_mat ,1);
}
}
/Inormalise
this_sum =colsum (trans (temp_growth_mat ), k) ;
for(int 1=k; I<=nl; I++){
temp_growth_mat [Kk][l]=(temp_growth_mat [k][!]/this_sum )*temp_pop [ K];
}
}
for(int 1=1; I<=nl; |++){
temp_pop [ | ] =colsum (temp_growth_mat ,1);
}
i f(w==17){
test_growth3 =temp_pop ;
test_growth  =temp_growth_mat
}
}
/ladd the fish from the new recruitment to the exis ting population
for(int 1=1; I<=nl; |++){
temp_pop [ | ] =temp_pop [ | ] +this_weeks_total_recruitment [1;
}

/IGROW THE NON-FISHED POPULATION TOO
/lif isn't any population, don't grow it
i f(sum(temp_unfished_pop ) >0){

/Igrow the fish in temp_pop

/IGROW NON-FISHED POP
for(int k=1; k<=nl; k++){
this_mean_growth  =ave_growth [Kk];

for(int 1=k; I<=nl; I++){
this_delta  =lengths [1]-lengths [K];
temp_growth_mat [Kk][!|]=(1/pow(2*M_PIl*var_grow |, )) *(exp (- pow( (this_delta -
this_mean_growth ), 2)/ (2*var_grow ))) *temp_unfished_pop [Kk];

}

/Inormalise

this_sum =colsum (trans (temp_growth_mat ), k) ;

8-
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for(int 1=k; I<=nl; I++){
temp_growth_mat [Kk][!|] =(temp_growth_mat [Kk][I]/this_sum )*temp_unfished pop [
kl;
}
}
for(int 1=1; I<=nl; |++){
temp_unfished_pop [|]=colsum (temp_growth_mat ,1);
}
}
/IADD THE NEW RECRUITS TO THE NON-FISHED POPULATION TOO
/ladd the fish from the new recruitment to the exis ting population
for(int 1=1; I<=nl; |++){
temp_unfished_pop [|] =temp_unfished_pop [ ] +this_weeks_total_recruitment [1;
}
}
/lextract the predicted catches for weeks we have p roportions data for
for(int w=1l; w<=nfw_data ; wt+){
data_w =data_fishing_weeks [wW] ; /ILF data fishing weeks often miss weeks. Using dat aw
only picks up the ones that correspond to the LF da ta fishing weeks
for(int 1=1; I<=nl; |++){
E_matrix [1][w =pred_catch [I|][value (data_w)];
}
}
E=0;
/lturn E_matrix into estimated catch proportions ve ctor
for(int w=1l; w<=nfw _data ; wt+){
for(int 1=1; I<=nl; |++){
i f(colsum (E_matrix , w)>0){
E[ (w 1) *nl +I ] =E_matrix [|][w]/colsum ( E_matrix ,w);
}
}
}

/[calculate FOURNIER likelihood

for(int w=1l; w<=nfw_data ; wt+){
this_weeks suml =0;
this_weeks sum2 =0;

for(int 1=1; I<=nl; |++){
this E =E[ (w 1) *nl +1];
this_O =obs_catch_proportions [(w21)*nl +];

this_ E_prime =(1-this_ E )*this E + / nfw_data ;

this_weeks_suml +=log (this_E_prime );

this_weeks_sum2 +=log (exp (- pow(this O -this E ,2)/(2*this_ E_prime /[/Nw))+ );
}

f=f+ *this_weeks_suml -this weeks sum2 ;

/I llcalculate CATCHABILITY COEFFICIENT
sig2 =log ( 1+ ); [lthis uses ¢=0.3, c"2=0.09
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sum3=0;

sum4=0;

for(int w=1l; w<=ncpw; wt+){
cpw=cpue_weeks [ W] ;
this_ E =expB[ value (cpw)];
sum3+=(log (cpue[w /this_ E ))/sig2 ;
sum4+=1/ sig2 ;

}

g=exp ( ( *ncpw+sum3) / sumé) ;

sigl =pow( sig2 , );
for(int w=1l; w<=ncpw; wt+){
cpw=cpue_weeks [ W] ;
this_ O =cpue[W ;
this_ E =expB[ value (cpw)];
this_E_prime =this_E ;
f=f +log (sigl )+ *pow( (log (this_O [/ (g*this_E ))/sigl + *sigl ), 2);

/[calculate depeltion rates for each week
for(int w=1l; w<=nfw_all ; w++){
dep[ w] =( total_population [w] )/ (total_unfished_population [W);

REPORT_SECTION/this creates the .rep file

report << f << "" << objective_function_value .o pobjfun ->gmax <<"" << mean_growth pars <<
" << var_grow << "" << mu_sel << "" << sig_selL << """ << sig_selR << "M <<
recruit_weeks << """ << recruit_pops << "' << orecruit_mu << """ << recruit_sig << "' o<<
U <<endl ;

report << "depletion” << endl ;

report << dep << endl ;
report << "g" << endl ;
report << q << endl ;

report << "exploitB" << endl ;
report << expB << endl ;
report << "ave growth" << endl ;

report << ave _growth << endl ;

report << "E" << endl ;

report << E << endl ;

report << "populatin weight" << endl ;
report << total_population << endl ;

RUNTIME_SECTION
convergence_criteria
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#read in real data, format it, write .dat file, the

#select year and area to model
year <-"1990"
area <- "snar"

#length weight conversion parameters
i f(area =='snar’ ){
squid_a =0.0171 ;

squid_b =3.08 ;
} else {

squid_a =0.0136

squid_b =3.16
}
#set paths

READ_PATH- "C:\\squid2012\\LFData\\"

WRITE_PATH- "C:\\squid2012\\model 1990\\"
PLOT_PATH- paste ("C:\\squid2012\\squid_model\\results\\plots\\"

#read in cpue

cpue_file <-paste (READ_PATH,CPUE_",area,
CPUK- read.table  ( cpue_file,header =T)

colnames ( CPUB <-seq (1990, 2008)
this_cpue <-CPUE year ]

#create vector of fishing weeks that have cpue
cpue_weeks <-seq (1, 22)
j =0;
for(i in 1:22){
i f(is.na (this_cpue [i])){

cpue_weeks <- cpue_weeks [-(i-j)]

j=+l

#number of cpue weeks
ncpw<- length ( cpue_weeks )

#strip the NAs from the cpue
temp_this_cpue <-this_cpue

this_cpue <- 0*cpue_weeks

for(i in 1:ncpw){

this_cpue [i]<-temp_this_cpue [cpue_weeks [i]]

#read in the numbers at length for each week data
read_file  <-paste ("SQU",area,yeat, "byweek.txt"
this_data <-read.table (paste (READ_PATH,read_file,sep

#strip out lengths vector from the data and store

lengths <-this_data [, 1]

n run admb optimiser and save results

,area,year, “W o sep =)

sep ="")

sep =")
="") ,header =T)
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nl <-length (lengths )
this_data <-this_data [,-1]

#REPLACE LENGTHS WITH ONLY THOSE WE HAVE LENGTH-WESHT CONVERSION AND EXPECTED GROWTH
PARAMETERS
i f(area =="snar" ){
lengths <-seq (9, 41)
}else if(area =="auck" ){
lengths <-seq( 10, 40)

}
nl <-length (lengths )

#calculate the number of fishing weeks in the data (not necessarily continuous)
nfw_data <-ncol (this_data )/4-1

#seperate total (that's male and female combined)
total data <-matrix (0O, ncol =nfw_data, nrow =nl)

for(win 1:nfw _data )({
total data [,w]<-this_data [min(lengths ):max(lengths ), (w4)]

#seperate out fishing weeks
#first, store the column headings which are 'total_ 1, total_2,..."
total_ weeks <-rep (0,nfw_data )
for(win 1:nfw _data )({
total_ weeks [ w] <-colnames (this_data )[w+4]

#now strip just the week numbers
data_fishing_weeks <-rep (0,nfw_data )
max_nchar <- max( nchar (total_weeks ))
min_nchar <- min( nchar (total_weeks ))
for(win 1:nfw _data )({
data_fishing_weeks [ W] <- as.double (substr (total_weeks [w], start =min_nchar, stop =max_nchar ))

#create continuous fishing weeks vector
cont_fishing_weeks <- seq ( min ( data_fishing_weeks ) , max( data_fishing_weeks ))
nfw_cont <-length (cont_fishing_weeks )

cw_file <-paste ("weekly catches " ,area, " " \year, "ixt" ,(sep ="")
catch_weights <- as.double (read.table (paste (READ_PATH,cw file,sep ="") ,header =F))

naw<- length ( catch_weights )
all_weeks <-seq(1,naw)

#set up depletion matrix
all_depletion <-matrix ( NA, ncol =naw, nrow =20)

#add column headings to total data
colnames (total_data ) <-data_fishing_weeks
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#TOTAL data to proporitons
total_proportions <- total_data
for(win 1:nfw _data )({
for(l in 1:nl){
total_proportions [ Lw ] <- total_proportions [lLbw ]/sum(total_data [,w])

#and into a vector
total_props_vec <-rep (O,nfw_data *nl)

for(win 1:nfw _data )({
for(l in 1:nl){

total_props_vec [ (w 1) *nl +l ] <- total_proportions [lLw ]

}
}
#write observed proportions to file
this_file <- paste (WRITE_PATH,"observed_proportions.txt" ,sep ="")
write ( total_props_vec, file =this_file,ncolumns =nl)
#calculate catch in numbers for each week. catch we ights are in tonnes. catch numbers are in
millions

catch_numbers  <-rep (0,nfw_data )
dwc<- 1 #data week count
for(w in 1:max(data_fishing weeks )){
i f(all_weeks [w] ==data_fishing_weeks [ dwc] ) {
for(l in 1:nl){
this_weight  <- catch_weights [ w] * total_proportions [l,dwe ]
catch_numbers [ dwc] <- catch_numbers [ dwc] +this_weight / (a*lengths [I]"Db)
}
#increase data weeks counter
dwc<- dwc+1;

#set SAMPLE SIZES (number of tows sampled from per week)
i f(area =='snar’ ){
i f(year =='2008" ){
N<-c(10, 37, 54,52, 25,13, 27,13, 23,12,15, 7,6, 13, 7, 1)
} else if(year =="1990" ){
N<-c(7, 20, 18,8,1, 2,3, 3) #datafishingweeksare 1 2 3 4 5111213
} else if(year =="1991" ){
N<-c(11, 28, 61, 42, 36, 24,41, 3, 32,23,15,7, 2, 2)

#calculate pop_lim as 20*total number caught
pop_lim <-1000

#set up matrix to store filename of best parameters for each nc/nmg model
best mat <- matrix (NA, ncol =3, nrow =3)
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for(nmgin 3:3){
for(nc in 3:3){

i f(is.na (best_mat [ nmg,nc])){

this_output_file <- paste (PLOT_PATH,nmg," growth parameters\\" ,nc, " cohorts\\" ,sep =
") #this will be used to output all files and plots re lating to this run

#set cohort week boundaries
rweekl min <--10 #the admb script starts at week -10

rweekl _max <- 1 #the first catches are in week 1, so need to have c ome population
by then

#defalt for 2nd and 3rd cohort is to have them turn ed off and one way of doing

this is to have them come in at some week after the fishing season

rweek2_min <-rweek3_min <-24
rweek2 max <- rweek3_max <- 25
i f(nc>1)({
rweek2_min <-1
rweek2_max <- max( data_fishing_weeks )
i f(nc>2)({
rweek3 min <-1
rweek3 _max <- max( data_fishing_weeks )

#set up variables to store current best objective f unction (f) and which loop it
comes from

bestf <-0

bestp <-0

best th <-0

#run the model p times, using different starting va lues each time
for(p in 1:20){
#p=1

#set the start values for the cohort populations to be a random number
between 100 and pop_lim

rpopl_start  <-runif (1, 100,pop_lim )

rpop2_start  <-runif (1, 100,pop_lim )

rpop3_start  <-runif (1, 100,pop_lim )

#set start values for cohort weeks

rweekl start <-runif (1,rweekl_min,rweekl _max )
rweek2 start  <-runif (1,rweek2_min,rweek2_max )
rweek3 start  <-runif (1,rweek3_min,rweek3_max )

#if it's a 2 or 3 cohort model, use the previous mo dels best parameters to
start with. Overwrite the set start values just abo ve AN OPTION IF MODEL IS
HAVING TROUBLE CONVERGING
# if(nc==2){
# start_tn<-best_mat[nmg,1]
# start_file<-paste(PLOT_PATH,nmg," growth paramete rs\\1
cohorts\\",start_tn,".txt",sep="")
# rweekl_start<-as.double(read.table(start_file,hea der=F,nrows=1))[10]
#}
# if(nc==3){
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# start_tn<-best_mat[nmg,2]
# start_file<-paste(PLOT_PATH,nmg," growth paramete
cohorts\\",start_tn,".txt",sep="")
# rweekl_start<-as.double(read.table(start_file,hea
# rweek?2_start<-as.double(read.table(start_file,hea
#}
start mu_sel <-runif (1,17,25)
#set trial number (month day number)
tn <- as.double (paste ('0726" ,p,sep =""))

#write .dat file for admb to read in
this_file <- paste (WRITE_PATH,'model 1990.dat"

write  ( "#number of fishing weeks" , file
write (nfw_data, file =this_file,appen =T)

=this_file

rs\\2

der=F,nrows=1))[10]
der=F,nrows=1))[11]

sep ="")

write ("# data fishing weeks" , file =this_file,appen =T) #the weeks we have
proportions at length data for

write ( data_fishing_weeks, file =this_file,appen =T)

write ("#number of continuous fishing weeks" , file =this_file,appen =T)
write (nfw_cont, file =this_file,appen =T)

write ("# cont fishing weeks" , file =this_file,appen =T)

write  (cont_fishing_weeks, file =this_file,appen =T)

write  ("#number of all weeks" , file =this_file,appen =T) #the weeks we have
weekly catch data for

write  (naw, file =this_file,appen =T)

write ( "# all weeks" , file =this_file,appen =T)

write (all_weeks, file =this_file,appen =T)

write  ("#max fishing weeks" , file =this_file,appen =T)

write  ( max( data_fishing_weeks ), file =this_file,appen =T)

write ("#number or length bins" , file =this_file,appen =T)

write (nl, file =this_file,appen =T)

write ( "#length bins" , file =this_file,appen =T)

write (lengths, file =this_file,appen =T)

write ("#weekly catches in weights" , file  =this_file,appen =T)

write ( catch_weights, file =this_file,appen =T)

write  ("#number of cpue weeks" , file  =this_file,appen =T)

write (ncpw, file =this_file,appen =T)

write ("#cpue weeks" , file =this_file,appen =T)

write (cpue_weeks, file =this_file,appen =T)

write ("#cpue" , file =this_file,appen =T)

write (this_cpue, file =this_file,appen =T)

write ( "#catches in proportions for each length and week,

as a vector" , file =

-5-
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this_file,appen =T)

write ( total_props_vec, file =this_file,ncolumns =nfw_data,appen =T)
write ( "#population limit " , file =this_file,appen =T)
write (pop_lim, file =this_file,appen =T)

write ("#N" , file =this_file,appen =T)

write (N, file =this_file,appen =T)

write ( "#lw conversion parameters " , file =this_file,appen =T)
write  (c(squid_a,squid_b ), file =this_file,appen =T)
write  ("#mu_sel" , file =this_file,appen =T)

write ( start_mu_sel, file =this_file,appen =T)

write ( "#number of mean growth pars " , file =this_file,appen =T)
write  (nmg, file =this_file,appen =T)

write  ( "#number of cohorts " , file =this_file,appen =T)
write (nc, file =this_file,appen =T)

write ("#rweekl min" , file =this_file,appen =T)

write (rweekl _min, file =this_file,appen =T)

write ("#rweekl max " , file =this_file,appen =T)

write (rweekl _max, file =this_file,appen =T)

write ("#rweek2 min" , file =this_file,appen =T)

write (rweek2_min, file =this_file,appen =T)

write ("#rweek2 max " , file =this_file,appen =T)

write (rweek2_max, file =this_file,appen =T)

write ("#rweek3 min" , file =this_file,appen =T)

write (rweek3_min, file =this_file,appen =T)

write ("#rweek3 max " , file =this_file,appen =T)

write (rweek3_max, file =this_file,appen =T)

write ( "#rweekl_ start " , file =this_file,appen =T)
write  ( rweek1_start, file =this_file,appen =T)

write ( "#rpopl_start " , file =this_file,appen =T)

write ( rpopl_start, file =this_file,appen =T)

write ( "#rweek2_start " , file =this_file,appen =T)
write ( rweek?2_start, file =this_file,appen =T)

write ( "#rpop2_start " , file =this_file,appen =T)

write ( rpop2_start, file =this_file,appen =T)

write ( "#rweek3_start " , file =this_file,appen =T)
write  ( rweek3_start, file =this_file,appen =T)

write ( "#rpop3_start " , file =this_file,appen =T)

write ( rpop3_start, file =this_file,appen =T)




H:\Squid2012\write up\code printed\run_squid_model.r Tuesday, 19 March 2013 9:42 a.m.

BHAHHAHHHA AR

# #run the optimiser. This uses the .dat file creat ed above

# #it saves a file containing all the optimised par amters and the calculated
objective function

shell ("C:\\squid2012\\squid_model\squid_model.exe" )

#read in the optimised parameters

optim_pars <-as.double (read.table (paste (WRITE_PATH,'squid_model.rep” ,sep =),

header =F,nrows =1))

# depletion
dep<- as.double (read.table (paste (WRITE_PATH,'squid_model.rep" ,sep ="") ,header =F
,Skip  =2,nrows =1))

#q
g<- as.double (read.table (paste (WRITE_PATH, squid_model.rep" ,sep ="") ,header =F,
skip =4,nrows =1))

#exploitable biomass
expB<- as.double (read.table (paste (WRITE_PATH,"'squid_model.rep” ,sep ="") ,header =
F,skip =6,nrows =1))

#growth rates
growth_rates <-as.double (read.table (paste (WRITE_PATH,"'squid_model.rep” ,sep ="")
,header =F,skip =8,nrows =1))

optim_E <-as.double (read.table (paste (WRITE_PATH,"'squid_model.rep” sep =),
header =F,skip =10,nrows =1))

#turn optim_E into a matrix

E_matrix <-matrix (data =NA, nrow =nl, ncol =nfw_data )

for(win 1:nfw _data )({
for(l in 1:nl){
E_matrix [lLw ]<-optim_E [(w 1)*nl +l]

ylim <- max( E_matrix,total_proportions )

#plot the optimised paramters against the data
par (mfrow = c(4,4),oma=c(0,0,0,0),mai =c(0.8,0.6,0.1,0.1),omd=c(0, 0,0, 0),omi =c
(0,0,0,0))

for(win 1:nfw _data )({
this_week <- data_fishing_weeks [wW]

plot (x=lengths,y =total proportions [,w],col =red" ,type =1 ,ylim =c(O0ylim ),
xlab ='length (cm)’ ,ylab ='proportion’ )

points (x=lengths,y =E_matrix [ ,w] type =1, col ='dark green' fty =2wd =15)
titte (sub=paste ("week"  this_week,sep =""))

this_file <- paste (PLOT_PATH,"trial" tn, "LF" ,sep ="")

-7-



H:\Squid2012\write up\code printed\run_squid_model.r Tuesday, 19 March 2013 9:42 a.m.

savePlot (filename = this_file, type = "t )

#write optimised parameters, (, expoloitable biomas s and catch proportions
to file

this_file <- paste (this_output_file, “trial" tn, "ixt"  ,sep =")
write (optim_pars, file =this_file,ncolumns =length (optim_pars ))
write (dep, file =this_file,ncolumns =naw, append =T)

#final depletion

write (dep[ naw] , file =this_file,ncolumns =1, append =T)

write (g, file =this_file,ncolumns =1, append =T)

write (expB, file =this_file,ncolumns =naw, append =T)

write ( growth_rates, file =this_file,ncolumns =nl, append =T)

write (optim_E, file =this_file, append =T,ncolumns =nfw_data )
#select observed proportions at length data and tit le O

Ox<- total_proportions

#i#calculate SCALING FACTOR, w, for SAMPLE SIZE N # #it
#calculate mean of estimated lengths for each week
E_mean<-rep (O,nfw_data )
for(win 1:nfw _data )({
for(l in 1:nl){
E_mean W] =E_mean W] +E_matrix [l,w ] *lengths [I]

#calculate mean of observed lengths for each week
O_mearx-rep (0,nfw_data )
for(win 1:nfw _data )({
for(l in 1:nl){
O_mearf W] =O_mearf W +J l,w ] *lengths [1]

#calculate variance of the mean length for expected proportions at length
E_var <-rep (0,nfw_data )
for(win 1:nfw _data )({
for(l in 1:nl){
E var [wW] <-E_var [wW] +E_matrix [lw ]*(lengths [I]-E_mean wj)”"2

#calculate sample variance of the mean for each wee k (mean was calculated
above)
O_var <-rep (0,nfw_data )
for(win 1:nfw _data )({
for(l in 1:nl){
Ovar[w<-Ovar[w+JIlw ]J*(lengths [I1]-O_mearqw)"2

#calculate standardised error for each week
SError <-rep (0,nfw_data )
for(win 1:nfw _data )({
SError [w] <-(O_meanq w] - E_mean[w] )/ sqgrt (E_var [wW]/N w])

8-
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}

#calculate variance of SError
SError_var <-var ( SError )

#calculate squared difference of means for each wee k
diff_ means <-rep (0,nfw_data )
for(win 1:nfw _data )({

diff means [w] =(O_mear w - E_meanwj ) "2

#calculate lower and upper limits for 95%CI

O_lower_CI <-rep (0,nfw_data )

O_upper_CI <-rep (0,nfw_data )

for(win 1:nfw _data )({
O_lower_Cl [wW] <-O_mearw -1.96 *sqrt (O_var[w]/ N w )
O_upper_Cl [wW] <-O_mear w +1.96 *sqrt (O_var[w]/ N w)

#calculate minimum for y axis
ymin =trunc ( min ( O_lower_CI ))
ymax=trunc ( max( O_upper_Cl )) +2

#calculate position for N= text
ytext =ymin +1
xtext =max( data_fishing_weeks )-1

#PLOTS OF MEAN LENGTHS WITH 95%Cl

par ( mfrow =c(1, 1) ,mai =c(0.8 ,0.8 ,0.2,0.1),omi =c(0, 0,0, 0),oma=c(0,0,0,0))
#plot expected mean lengths

plot ( x=data_fishing_weeks,y =E_mean,ylim =c(ymin,ymax ) type =1, col ='green’
ylab ="mean length (cm)" Xxlab ="weeks" ,main =paste (area, "" ,yearsep =""))

#plot the mean lengths and ClI for observed
points ( x=data_fishing_weeks, y =0_mean, pch =8, col ="red" )

text (x=data_fishing_weeks, y =0O_upper_CI +1, labels =N, col =red" ,cex =0.7)

i f(optim_pars [ 1] <bestf ){
bestf <-optim_pars [ 1]
bestp <-p
best th <-tn

for(win 1:nfw _data )({
this_w <-data_fishing_weeks [wW]

segments ( this_w, O_lower_ClI [wW] , this_w, O_upper_CI [wW], col ='red" )
}
text (paste ("best" ,round (bestf, 2),"p=" ,bestp,sep ="") ,x =data_fishing_weeks [
nfw_data ],y =min( O_lower_Cl ) +1.5 ,pos =2)
text (paste ("variance of standard error of mean lengths " , round ( SError_var, 2),
sep="") ,x =data_fishing_weeks [ nfw_data ],y =min( O_lower_CI ) +1,pos =2)
text (paste ("squared difference of means " , round (sum( diff_ means ), 2),sep =" ) x =

-0-
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data_fishing_weeks [ nfw_data ],y =min(O_lower_CI )+ ,pos =2)
text (paste ("f" ,round (optim_pars [ 1], 2),sep =" ) ,x =data_fishing_weeks [ nfw_data ]
.y =min ( O_lower_CI ) ,pos =2)

this_file <- paste ( this_output_file, “trial” tn, " Mean Lengths"  ,sep ="")
savePlot (filename = this_file, type = "t )

}

best_mat [ nmg,nc ] <- paste ( "trial" Jbest_tn,sep ="

-10-



H:\Squid2012\write up\code printed\run_squid_model_auck_and_snar.r

Tuesday, 19 March 2013 9:46 a.m.

#read in real data, format it, write .dat file, the

#this is very similar to run_squid_model.r, which w
combined with auckland islands

# this one was only used for SNARES AND AUCKLAND IS

#length weight conversion parameters
squid_a =0.0171 ;
squid_b =3.08 ;

#set paths

READ_PATH- "C:\\squid2012\\LFData\\"

WRITE_PATH- "C:\\squid2012\\squid_model\\"

PLOT_PATH- "C:\\squid2012\\squid_model\\results\\plots\\snar a

#BRING IN SNARES AND AUCKLAND ISLANDS DATA FOR 2008
R B R T R B R R A R R R T R R R R R R R
#SNARES CPUE
cpue_file <-paste (READ_PATH/CPUE snar.txt" ,sep ="")
CPUK- read.table  ( cpue_file,header =T)
colnames ( CPUB <-seq (1990, 2008)
shar_cpue <- CPUHE, '2008" ]
#create vector of fishing weeks that have cpue
shar_cpue_weeks <-seq(1, 22)
j =0;
for(i in 1:22){
i f(is.na (snar_cpue [i])){
shar_cpue_weeks <-snar_cpue_weeks [-(i-j)]
j=i+l

}

#number of cpue weeks

snar_ncpw <-length (snar_cpue_weeks )
#strip the NAs from the cpue
temp_this_cpue <-snar_cpue

shar_cpue <- 0*snar_cpue_weeks

for(i in 1:snar_ncpw ){

n run admb optimiser and save results
as used for the snares data that wasn't

LANDS 2008 COMBINED

nd auck 2008\\"

HHARHAHHHH

shar_cpue [i]<-temp_this_cpue [shar_cpue weeks [i]]

e e e e e e e
#AUCKLAND ISLANDS CPUE
cpue_file <-paste (READ_PATH/CPUE_ auck.txt" ,sep ="")
CPUK- read.table  ( cpue_file,header =T)
colnames ( CPUB <-'2008'
auck_cpue <- CPUHE, '2008" ]
#create vector of fishing weeks that have cpue
auck_cpue_weeks <-seq(1, 22)
j =0;
for(i in 1:22){
i f(is.na (auck _cpue [i])){
auck_cpue_weeks <-auck cpue weeks [-(i-j)]
j=i+l

}

#number of cpue weeks
auck_ncpw <-length (auck_cpue_weeks )
#strip the NAs from the cpue

HHARHAHHHH

1-
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temp_this_cpue <-auck_cpue
auck_cpue <- 0* auck_cpue_weeks
for(i in 1:auck ncpw){
auck_cpue [i]<-temp_this_cpue [auck _cpue_weeks [i]]

#SET LENGTHS AS ONLY THOSE WE HAVE LENGTH-WEIGHT COIVERSION AND EXPECTED GROWTH PARAMETERS
snar_lengths <-seq(9, 41)

auck _lengths <-seq( 10, 40)

lengths <-seq( 10, 40) # (same result)

seq(max(min(snar_lengths),min(auck_lengths)),min(ma x(shar_lengths),max(auck_lengths)))

nl <-length (lengths )

T T T B R R T B T A T
#SNARES LENGTH FREQUENCY

#read in the numbers at length for each week data

read_file  <-paste ("SQUsnar2008byweek.xt" ,sep ="")

shar_data <-read.table (paste (READ_PATH,read_file,sep  ="") ,header =T)
#strip out lengths vector from the data and store

shar_data <-snar_data [,-1]

#calculate the number of fishing weeks in the data (not necessarily continuous)
snar_nfw_data <-ncol (snar_data )/4-1
#seperate total (males females combined) data for s nares

sdata <- matrix (0, ncol =snhar_nfw_data, nrow =nl)

for(win 1:snar_nfw _data ){
sdata [ ,w] <-snar_data [2:32, (w4)]

#seperate out fishing weeks
#first, store the column headings which are 'total_ 1, total_2,..."
total_ weeks <-rep (0O,snar_nfw_data )
for(win 1:snar_nfw _data ){
total weeks [ w] <-colnames (snar_data )[w+4]

#now strip just the week numbers
sdata_fishing_weeks <-rep (O,snar_nfw_data )
max_nchar <- max( nchar (total_weeks ))
min_nchar <- min( nchar (total_weeks ))
for(win 1:snar_nfw _data ){
sdata_fishing_weeks [ W] <- as.double (substr (total_weeks [w], start =min_nchar, stop =max_nchar ))

}

#create continuous fishing weeks vector

scont_fishing_weeks <- seq ( min( sdata_fishing_weeks ) , max( sdata_fishing_weeks ))
nfw_cont <-length ('scont_fishing_weeks )

cw_file <-paste ("weekly catches snar 2008.txt" ,sep ="")

scatch_weights  <-as.double (read.table (paste (READ_PATH,cw_file,sep =""),header =F))

snaw<- length (' scatch_weights )
sall_weeks <-seq(1,snaw )

#add column headings to sdata
colnames (sdata ) <- sdata_fishing_weeks
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#calculate catch in numbers for each week. catch we ights are in tonnes. catch numbers are in
millions
scatch_numbers  <-rep (O,snar_nfw_data )
dwc<- 1 #data week count
for(w in 1:max(sdata_fishing_weeks )){
i f(sal_weeks [w] ==sdata_fishing_weeks [ dwc] ) {
for(l in 1:nl){
this_weight  <- scatch_weights [w] *sdata [l,dwc ]/ sum(sdata [ ,dwc ])
scatch_numbers [ dwc] <- scatch_numbers [ dwc] +this_weight / (a*lengths [I]"Db)
}
#increase data weeks counter
dwc<- dwc+1;

}
B B L et T T e HHARHAHHHH

T T T T B R T T B T A T
#AUCKLAND ISLANDS LENGTH FREQUENCY

#read in the numbers at length for each week data

read_file  <-paste ("SQUauck2008byweek.txt" ,sep ="")

auck_data <-read.table (paste (READ_PATH,read_file,sep ="' ) ,header =T)
#strip out lengths vector from the data and store

auck data <-auck data [, -1]

#calculate the number of fishing weeks in the data (not necessarily continuous)
auck_nfw_data <-ncol (auck data )/4-1
#seperate total (males females combined) data for s nares

adata <- matrix (0, ncol =auck_nfw_data, nrow=nl)

for(win 1:auck nfw_data ){
adata [ ,w] <-auck_data [ min(lengths ): max(lengths ), (w4)]

#seperate out fishing weeks
#first, store the column headings which are 'total_ 1, total_2,..."
atotal_weeks <-rep (0,auck_nfw_data )
for(win 1:auck nfw_data ){
atotal_weeks [w] <- colnames (auck data )[w+4]

#now strip just the week numbers
adata_fishing_weeks <-rep (0,auck_nfw_data )
max_nchar <- max( nchar ( atotal_weeks ))
min_nchar <- min( nchar ( atotal_weeks ))
for(win 1:auck nfw_data ){
adata_fishing_weeks [ W] <- as.double (substr (atotal weeks [w],start =min_nchar, stop =max_nchar ))

#create continuous fishing weeks vector
acont_fishing_weeks <- seq ( min ( adata_fishing_weeks ) , max( adata_fishing_weeks ))
anfw_cont <-length (acont_fishing_weeks )

cw_file <-paste ("weekly catches auck 2008.txt" ,sep ="")
acatch_weights  <-as.double (read.table (paste (READ_PATH,cw_ file,sep =""),header =F))

anaw<- length (acatch_weights )
aall_weeks <-seq(1l,anaw )

#add column headings to sdata
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colnames (adata ) <- adata_fishing_weeks

#calculate catch in numbers for each week. catch we
millions

acatch_numbers  <-rep (0,auck_nfw_data )
dwc<- 1 #data week count

for(w in 1:max(adata_fishing_weeks )){

i f(aall_weeks [w] ==adata_fishing_weeks [ dwc] ) {
for(l in 1:nl){
this_weight  <- acatch_weights

acatch_numbers [ dwc] <- acatch_numbers

}
#increase data weeks counter
dwc<- dwc+1;

}
B L et T T e

BT R T T T
# > sdata_fishing_weeks

#[1] 4 56 7 8 91011121314151617 18
# > adata_fishing_weeks

#[1] 6 7 8 9101112 1314151617 18
# > sall_weeks

#[1] 1 23456 7 8 9101112131415
# > aall_weeks

#[1] 1 23456 7 89101112131415
# > scont_fishing_weeks

#[1] 4 56 7 8 91011121314151617 18
# > acont_fishing_weeks

#[1] 6 7 8 9101112 1314151617 18

data_fishing_weeks <-seq(4,19)
nfw_data <-length (data_fishing_weeks )
all_weeks <-seq(1, 22)

naw<- length (all_weeks )
cont_fishing_weeks <-seq(4,19)
nfw_cont <-length (cont_fishing_weeks )

#combine length frequencies from snares and aucklan
comb_data <- sdata

#also combine catch numbers at the same time
catch_numbers <- scatch_numbers

a<-1
for(win 1:nfw _data )({
aw<- adata_fishing_weeks [a]

sw<- sdata_fishing_weeks [wW]

i f(aw==sw) {
comb_data [ ,w] <-comb_data [ ,w] +adata [ ,a ]

[ dwc] +this_weight

ights are in tonnes. catch numbers are in

[w] *adata [ l,dwc ]/ sum(adata [ ,dwc ])

/ (a*lengths [1]”Db)

HHARHAHHHH
HHARHAHHHH

19

16 171819 20 21 22

16 171819 20 21 22

19

d islands

catch_numbers [w] <- catch_numbers [w] +acatch_numbers [ a]

print
a=a+l

(c(w,"" ,sw, "" Jaw))
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#turn the combined data into proportions and then a vector
proportions  <- comb_data
for(win 1:nfw _data )({
for(l in 1:nl){
proportions [ l,w ] <-proportions [lw ]/sum(comb_data [ ,w])

# and into a vector
props_vec <-rep (0O,nfw_data *nl)

for(win 1:nfw _data )({
for(l in 1:nl){
props_vec [(w 1)*nl +l]<-proportions [lw ]

}
}
#write observed proportions to file
this_file <- paste (WRITE_PATH,"observed_proportions.txt" ,sep ="")
write ( props_vec, file =this_file,ncolumns =nl)

#combine weekly catch weights
catch_weights  <- scatch_weights  +acatch_weights

#combine CPUE
# > auck_cpue_weeks
#[1] 8 910111213 141516 17
# > snar_cpue_weeks
#[1]1 123456 7 8 9101112131415 16 17
cpue_weeks <-seq (1, 17)
ncpw<- length ( cpue_weeks )

cpue <- snar_cpue

a<-

for(win 1:ncpw){
cw<- cpue_weeks [ w]

aw<- auck_cpue_weeks [ a]

this_sum <-catch_weights [w]

i f(cw==aw){
print (c(auck _cpue [a],"" ,a))
cpue [ W] <- ( scatch_weights [ w] / this_sum ) *cpue [ W] +( acatch_weights [ w] / this_sum ) *auck_cpue [
aJ
a<-a+

#write observed cpue to file
this_file <- paste (WRITE_PATH, cpue.txt" sep ="")




H:\Squid2012\write up\code printed\run_squid_model_auck_and_snar.r

Tuesday, 19 March 2013 9:46 a.m.

write (cpue, file =this_file,ncolumns =ncpw)

#print new cpue and save ONLY INCLUDED THIS THE FIR
# ymax<-max(cpue,shar_cpue,auck_cpue)

#

plot(snar_cpue_weeks,snar_cpue,type="l',col="red"y

)

# points(auck_cpue_weeks,auck_cpue,type='"I',col="co
# points(cpue_weeks,cpue,type="I'ylim=c(0,ymax),lt

# legend(legend=c("Snares CPUE","Auckland Islands C
CPUE"),Ity=c(3,3,2),col=c('red','cornflowerblue’,'b

# this_file<-paste(PLOT_PATH,"CPUEplot",sep="")

# savePlot(filename = this_file, type = "tif")

#set up variables to store f and var(standardised e

best <-0

bestp <-0

Nk<- c( 10, 37, 55, 57, 42, 42, 46, 33, 45, 12, 15, 7, 6, 13, 7, 1)

#calculate pop_lim as 20*total number caught
pop_lim <-1000

#set up matrix to store filename of best parameters
best mat <- matrix (NA, ncol =3, nrow =3)
for(nmgin 3:3){

for(nc in 2:2){

i f(is.na (best_mat [ nmg,nc])){

ST TIME IT RAN

lim=c(0,ymax),lty=3,xlab="weeks',ylab="CPUE

rnflowerblue’,lty=3)
y=2)

PUE","Combined
lack'),x=1,y=0.5,xjust=0)

rrors of mean lengths)

for each nc/nmg model

this_output_file <- paste (PLOT_PATH,nmg," growth parameters\\" ,nc, " cohorts\\" ,sep =

") #this will be used to output all files and plots re

#set cohort week boundaries

lating to this run

rweekl min <--10 #the admb script starts at week -10
rweekl _max <- 1 #the first catches are in week 1, so need to have c ome population

by then
#defalt for 2nd and 3rd cohort is to have them turn
this is to have them come in at some week after the
rweek2_min <-rweek3_min <-24
rweek2 max <- rweek3_max <- 25
i f(nc>1)({
rweek2_min <-1
rweek2_max <- max( data_fishing_weeks )
i f(nc>2)({
rweek3 min <-1
rweek3 _max <- max( data_fishing_weeks

ed off and one way of doing
fishing season

-6-
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#set up variables to store current best objective f
comes from

bestf <-0

bestp <-0

best tn <-0

#run the model p times, using different starting va
for(p in 1:30){

#set the start values for the cohort populations to
between 100 and pop_lim

rpopl_start  <-runif (1, 100,pop_lim )
rpop2_start  <-runif (1, 100,pop_lim )
rpop3_start  <-runif (1, 100,pop_lim )

#set start values for cohort weeks

rweekl start <-runif (1,rweekl_min,rweekl _max )
rweek2 start  <-runif (1,rweek2_min,rweek2_max )
rweek3 start  <-runif (1,rweek3_min,rweek3_max )

#if it's a 2 or 3 cohort model, use the previous mo
start with. Overwrite the set start values just abo
HAVING TROUBLE CONVERGING
# if(nc==2){
# start_tn<-best_mat[nmg,1]
# start_file<-paste(PLOT_PATH,nmg," growth paramete
cohorts\\",start_tn,".txt",sep="")
# rweekl_start<-as.double(read.table(start_file,hea

#}
# if(nc==3){
# start_tn<-best_mat[nmg,2]
# start_file<-paste(PLOT_PATH,nmg," growth paramete
cohorts\\",start_tn,".txt",sep="")
# rweekl_start<-as.double(read.table(start_file,hea
# rweek?2_start<-as.double(read.table(start_file,hea
#}
start_mu_sel <-runif (1,17, 25)

#set trial number (month day number)
tn <-as.double (paste ('0726" ,p,sep =""))

#write .dat file for admb to read in

unction (f) and which loop it

lues each time

be a random number

dels best parameters to
ve AN OPTION IF SOME ARE

rs\\1

der=F,nrows=1))[10]

rs\\2

der=F,nrows=1))[10]
der=F,nrows=1))[11]

this_file <- paste (WRITE_PATH,'model_sa.dat" ,sep ="")
write  ("#number of fishing weeks" , file =this_file )
write (nfw_data, file =this_file,appen =T)

write ( "# data fishing weeks" , file
proportions at length data for
write ( data_fishing_weeks, file =this_file,appen

write  ( "#number of continuous fishing weeks" ,

write (nfw_cont, file =this_file,appen =T)

=this_file,appen

file

=T) #the weeks we have

:T)

=this_file,appen =T)

-7-
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write ("# cont fishing weeks" , file =this_file,appen =T)

write ( cont_fishing_weeks, file =this_file,appen =T)

write  ( "#number of all weeks" , file =this_file,appen =T) #the weeks we have
weekly catch data for

write (naw, file =this_file,appen =T)

write ( "# all weeks" , file =this_file,appen =T)

write (all_weeks, file =this_file,appen =T)

write  ( "#max fishing weeks" , file =this_file,appen =T)

write ( max( data_fishing_weeks ), file =this_file,appen =T)

write  ( "#number or length bins" , file =this_file,appen =T)
write (nl, file =this_file,appen =T)

write  ( "#length bins" , file =this_file,appen =T)

write (lengths, file =this_file,appen =T)

write ( "#weekly catches in weights" , file =this_file,appen =T)
write ( catch_weights, file =this_file,appen =T)

write  ( "#number of cpue weeks" , file =this_file,appen =T)

write  ( ncpw, file =this_file,appen =T)

write ( "#cpue weeks" |, file =this_file,appen =T)

write ( cpue_weeks, file =this_file,appen =T)

write ("#cpue" , file =this_file,appen =T)

write (cpue, file =this_file,appen =T)

write ( "#catches in proportions for each length and week, as a vector" ,file =
this_file,appen =T)

write ( props_vec, file =this_file,ncolumns =nfw_data,appen =T)
write ( "#population limit " , file =this_file,appen =T)

write (pop_lim, file =this_file,appen =T)

write ("#N" , file =this_file,appen =T)

write (N, file =this_file,appen =T)

write  ( "#lw conversion parameters " , file =this_file,appen =T)
write  (c(squid_a,squid_b ), file =this_file,appen =T)

write  ("#mu_sel" , file =this_file,appen =T)

write ( start_mu_sel, file =this_file,appen =T)

write  ( "#number of mean growth pars " , file =this_file,appen =T)
write  (nmg, file =this_file,appen =T)

write  ( "#number of cohorts " , file =this_file,appen =T)

write (nc, file =this_file,appen =T)

write ("#rweekl min" , file =this_file,appen =T)

write (rweekl _min, file =this_file,appen =T)
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write ("#rweekl max " , file =this_file,appen =T)
write (rweekl _max, file =this_file,appen =T)

write ("#rweek2 min" , file =this_file,appen =T)
write (rweek2_min, file =this_file,appen =T)

write ("#rweek2 max " , file =this_file,appen =T)
write (rweek2_max, file =this_file,appen =T)

write ("#rweek3 min" , file =this_file,appen =T)
write (rweek3_min, file =this_file,appen =T)

write ("#rweek3 max " , file =this_file,appen =T)
write (rweek3_max, file =this_file,appen =T)

write ( "#rweekl_ start " , file =this_file,appen =T)
write  ( rweek1_start, file =this_file,appen =T)

write ( "#rpopl_start " , file =this_file,appen =T)
write ( rpopl_start, file =this_file,appen =T)

write ( "#rweek2_start " , file =this_file,appen =T)
write  ( rweek?2_start, file =this_file,appen =T)

write ( "#rpop2_start " , file =this_file,appen =T)
write ( rpop2_start, file =this_file,appen =T)

write ( "#rweek3_start " , file =this_file,appen =T)
write  ( rweek3_start, file =this_file,appen =T)

write ( "#rpop3_start " , file =this_file,appen =T)
write ( rpop3_start, file =this_file,appen =T)
T T

# #run the optimiser. This uses the .dat file creat ed above
# #it saves a file containing all the optimised par amters and the calculated

objective function
shell ("C:\\squid2012\\squid_model\squid_model.exe" )
#read in the optimised parameters

optim_pars <-as.double (read.table (paste (WRITE_PATH,'squid_model.rep” ,sep =),

header =F,nrows =1))

# depletion
dep<- as.double (read.table (paste (WRITE_PATH,'squid_model.rep"
,Skip  =2,nrows =1))

#q
g<- as.double (read.table (paste (WRITE_PATH,'squid_model.rep"
skip =4,nrows =1))

#exploitable biomass
expB<- as.double (read.table (paste (WRITE_PATH,'squid_model.rep”
F,skip =6,nrows =1))

,sep =" ) ,header =F

,sep =" ) ,header =F,

,sep =" ) ,header =
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#growth rates
growth_rates <-as.double (read.table (paste (WRITE_PATH,"'squid_model.rep” ,sep ="")
,header =F,skip =8,nrows =1))

optim_E <-as.double (read.table (paste (WRITE_PATH,"'squid_model.rep” ,sep
header =F,skip =10,nrows =1))

#turn optim_E into a matrix

E_matrix <-matrix (data =NA, nrow =nl, ncol =nfw_data )

"
N

for(win 1:nfw _data )({
for(l in 1:nl){
E_matrix [lLw ]<-optim_E [(w 1)*nl +l]

ylim <- max( E_matrix,proportions )

#plot the optimised paramters against the data
par (mfrow = c(4,4),oma=c(0,0,0,0),mai =c(0.8,0.6,0.1,0.1),omd=c(0, 0,0, 0),omi =c
(0,0,0,0))

for(win 1:nfw _data )({
this_week <- data_fishing_weeks [wW]

plot (x=lengths,y =proportions [,w], col =red" ,type =1 ylim =c(0,ylim ) xlab =
'length (cm)' ,ylab ='proportion’ )

points (x=lengths,y =E_matrix [,w],type =1, col ='dark green’ Jty =20wd =15)
titte (sub=paste ("week"  this_week,sep =""))

this_file <- paste (PLOT_PATH,"trial" tn, "LF" ,sep =")

savePlot (filename = this_file, type = "t )

#write optimised parameters, g, expoloitable biomas s and catch proportions
to file

this_file <- paste (this_output_file, “trial" tn, "ixt"  ,sep ="")
write (optim_pars, file =this_file,ncolumns =length (optim_pars ))
write (dep, file =this_file,ncolumns =naw, append =T)

#final depletion

write (dep[ naw] , file =this_file,ncolumns =1, append =T)

write (g, file =this_file,ncolumns =1, append =T)

write (expB, file =this_file,ncolumns =naw, append =T)

write ( growth_rates, file =this_file,ncolumns =nl, append =T)

write (optim_E, file =this_file, append =T,ncolumns =nfw_data )
#select observed proportions at length data and tit le O

Ox<- proportions

#i#calculate SCALING FACTOR, w, for SAMPLE SIZE N # #it
#calculate mean of estimated lengths for each week
E_mean<-rep (O,nfw_data )
for(win 1:nfw _data )({
for(l in 1:nl){
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E_mean W] =E_mean W] +E_matrix [l,w ] *lengths [I]

#calculate mean of observed lengths for each week
O_mearx-rep (0,nfw_data )
for(win 1:nfw _data )({
for(l in 1:nl){
O_mearf W] =O_mearf W +J L,w ] *lengths [1]

#calculate variance of the mean length for expected proportions at length
E_var <-rep (0,nfw_data )
for(win 1:nfw _data ){
for(l in 1:nl){
E var [wW] <-E_var [wW] +E_matrix [lw ]*(lengths [I]-E_mean w] )"

#calculate sample variance of the mean for each wee k (mean was calculated
above)
O_var <-rep (0,nfw_data )
for(win 1:nfw _data )({
for(l in 1:nl){
Ovar[w<-Ovar[w+(Ilw ]*(lengths [I1]-O_mearfw )"

#calculate standardised error for each week
SError <-rep (0,nfw_data )
for(win 1:nfw _data )({
SError [w] <-(O_meanq w] - E_mean[w] )/ sqgrt (E_var [wW]/ N w)

#calculate variance of SError
SError_var <-var ( SError )

#calculate squared difference of means for each wee k
diff_ means <-rep (0,nfw_data )
for(win 1:nfw _data )({

diff means [w] =(O_meard w - E_mean w] )"

#calculate lower and upper limits for 95%CI

O_lower_Cl <-rep (0,nfw_data )

O_upper_CI <-rep (0,nfw_data )

for(win 1:nfw _data )({
O_lower_Cl [w] <- O_mear W - *sart (O_var[wW] /N W)
O_upper_CI [w] <- O_mear] W] + *sart (O_var[wW] /N W)

#calculate minimum for y axis
ymin =trunc ( min ( O_lower_CI ))
ymax=trunc ( max( O_upper_CI )) +
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#calculate position for N= text
ytext =ymin +1
xtext =max( data_fishing_weeks )-1

#PLOTS OF MEAN LENGTHS WITH 95%Cl

par ( mfrow =c(1, 1) ,mai =c(0.8 ,0.8 ,0.2,0.1),omi =c(0, 0,0, 0),oma=c(0,0,0,0))
#plot expected mean lengths

plot ( x=data_fishing_weeks,y =E_mean,ylim =c(ymin,ymax ) type =1, col ='green’
ylab ="mean length (cm)" Xlab ="weeks" ,main ="Snares and Auckland Islands " )

#plot the mean lengths and CI for observed
points ( x=data_fishing_weeks, y =0_mean, pch =8, col =red" )

text (x=data_fishing_weeks, y =0O_upper_CI +1, labels =N, col =red" ,cex =0.7)

i f(optim_pars [ 1] <bestf ){
bestf <-optim_pars [ 1]
bestp <-p
best th <-tn

for(win 1:nfw _data )({
this_w <-data_fishing_weeks [wW]

segments ( this_w, O_lower_ClI [wW] , this_w, O_upper_CI [wW], col =red" )
}
text (paste ("best" ,round (bestf, 2),"p=" ,bestp,sep ="") ,x =data_fishing_weeks [
nfw_data ],y =min( O_lower_CIl ) +1.5 ,pos =2)
text (paste ("variance of standard error of mean lengths " , round ( SError_var, 2),
sep="") ,x =data_fishing_weeks [ nfw_data ],y =min( O_lower_CI ) +1,pos =2)
text (paste (“"squared difference of means " , round (sum( diff_ means ), 2),sep =" ) x =

data_fishing_weeks [ nfw_data ],y =min( O_lower_CI ) +0.5 ,pos =2)
text (paste ("f" ,round (optim_pars [ 1], 2),sep =" ) ,x =data_fishing_weeks [ nfw_data ]
.y =min ( O_lower_CI ) ,pos =2)

this_file <- paste (this_output_file, "trial" n, " Mean Lengths" ,sep ="")
savePlot (filename = this_file, type = "ttt )

}

best_mat [ nmg,nc ] <- paste ( "trial" Jbest_tn,sep ="
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