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Background and Summary

This document provides an update on the developrokrsiex- and area-specific
operating models for testing candidate OMPs for 8wmth Coast rock lobster
resource. Models are needed which can provide meh$® fits to both the CPUE and
catch-at-length data available. Generally this teagiired the introduction of either
time-varying selectivity or effort saturation eftecFor the former, two approaches
have been suggested: “MARAM” and “OLRAC”. This dooent presents improved
results for the MARAM approach through use of aencomplex selectivity function
for Area 3 (Model 2), and also implements a versidrthe “OLRAC” approach
(Model 3e). Implementations involving effort satiiwa are underway.

Introduction

Results presented here rely on the model spedditat as described in
WG/02/08/SCRL1, with certain modifications whicle apecified here.

Results are presented in detail for the followingpeis:

* Model 1. time varying selectivity — MARAM method — Area Bas 1
selectivity functional form

* Model 2 time varying selectivity — MARAM method — Area Bas 2
selectivity functional forms

* Model 3: time varying selectivity — OLRAC method — Are&&s 2 selectivity
functional forms

* Results foModel 4: effort saturation have yet to be developed.

Data

The following input data are used in all modelsspreed here:
1. Commercial catch data for each Area — reportedi@az& (2008a).
2. CPUE series for each Area from GLM analyses repdartéslazer (2008b).
3. Catch-at-length data for each Area and both seseseported in Glazer
(2008c).
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Model descriptions

Model 1: Time varying selectivity-at-length functim — MARAM method —
Area 3 has 1 selectivity functional form as have Agas 1 and 2
The selectivity function (which depends on lengthpllowed to vary over the time
period for which catch-at-age data are availab89412005). To effect this, the form
of the selectivity function is generalised to:
1
SHESS (1)

—|n19(|—(|5"6/ f *A+§m/ f ,A))/Aml f.A
l+e g

The estimable parameters are thus:
g "*(the expected length at 50% selectivity, whEH "= 0), and
« A" and fory = 1994-2005 (excluding 1999 as there are no catage data

for 1999).
Note:

« the expected length at 95% selectivitfy'(**, when &) "= 0) is given by
|m/f,A +Am/f,A
50 ’

« o)'"" for 1999 is calculated as the average ofd{fé"* values for 1998 and

2000, and
« o)""* for pre-1994 and 2006+ = 0.

An extra term is added to the likelihood functianarder to smooth the extent of
change in the selectivity, as follows:

y=2005 m/ f A 2
—InL - =InL+>» (sum excludes 1999) (2)

y
mif A y=1004 O
where the o, is input (a value of 0.75 was found to provide sw@ble
performance).

An issue to be taken into account is that for eaquafl), if 5;”’ "A decreases, this

means that selectivity is increasing on youngestiets; however given that the model
fitting procedure assumes that:

CPUE, =qY WS N, ™" (3)
|

this situation seems implausible, in that an enbdr@PUE would result even if there
was not any increase in abundance.

Presumably enhanced catches of younger animals aahgeved by spatially

redistributing effort on a scale finer than captuby the GLM standardisation of the
CPUE. A standard method to adjust for this, whilntaining a constant catchability
coefficientq, is to renormalise the selectivity function in somay:

m/f A *m/f,A _ om/f,A m/f A
S, " - S, =S " X] 4)
where here as a simple initial approach we haveaio
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|m/f.A m/ A

2
If,A _ ,
x;n - Z |£n/f,A_|lm/f,A+1 )

Im/f,A
1

i.e., normalising selectivity by its average oveceatain length range, so that now if
;""" decreases, th&;""* will decrease for largé to compensate for the effort

spread to locations where younger animals are fassdciated with the increase for
smallerl.

The authors have fixed the valuesI@f* and "™ at the following values after

examining the length frequency distributions, tewee that the ranges associated with
these values cover the greater part of these distringtio

rn/f A |lm/f,A I;n/f,A
m 1 65mm 90mm
f 1 65mm 90mm
m 2 65mm 90mm
f 2 65mm 90mm
m 3 55mm 90mm
f 3 55mm 90mm
Model 2: Equivalent to Model 1 except allows for 2alternate selectivity

functional forms for Area 3.

Results of Model 1 show a relatively poor fit toedr3 catch-at-length (CAL) data —
see Figure 1. Examining the fits on a year-by-yessid) there appear to be many
years for which a very large peak in CAL catchriisttion was observed for smaller
lobsters. The authors thus explored allowing a caatlbn of two selectivity
functional forms to be estimated for Area 3, andalow the estimation process to
determine their relative proportions which fittéte tCAL data best. It was originally
hoped that there would be a clear relationship eebtwthe proportion of lobsters
caught in Area 3 during the Jan/Mar period (whemuiés dominate), and the length
corresponding to the “peak” proportion caught i@ @AL distribution. Figures 2a and
b show the plots of such data (for males a femsdgsirately), and it is clear the there
is no clear relationship between the proportiongbaun Jan/Mar and the “peak”
length in the CAL distribution. It was thus decidédht a year-independent second
selectivity function, with the shape of a normatdbution would be modeled as the
“second” selectivity function for Area 3.

Thus the selectivity for Area 3 is defined as folfow

Sy = (1= A)s1y S+ as2M S 6)
where
STHRE is the original selectivity function (as used fbher Areas)

S2m'fe = gt Jre? (the second normal-shaped selectivity function)

(7)

Note that we now estimate the following furthergraetersi , 17, « and A .
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This formulation is thus time-invarianti(constant over time), but allows for a
different male and femal® selectivity function to be estimated for Area 3.

Model 3: Time varying selectivity-at-length functiom — OLRAC method —
Area 3 has 2 selectivity functional forms

The time-varying selectivity function is as follows

Sm/f,A - 1 (8)

~In19(l -1 F-Ay A/ A

1+e€
S;lelf,A - Sm/f,Aa;TjI/f,A (9)
where
m/f,A _ X;’n/f’A
ayyl S = X f.A | <50 (10)
y
m/f,A m/f,A
. xg (T =50)@- x0T ) (i —50)
ay/"h=— Xm,fyi\ 50< | <1y, (11)
y
m 1
ay’,”'A :W | > Ikink (12)
y
and where

1=11 1=51 Ikink -3l

1=l

50 Lk |—50 1_Xm”'A 12
x;n/f,A :{zxy/f,A+z|:X;1/f,A+( )d- Xy ):l_l_ z|}/(|2—|1+1) (13)

The estimable parameters are thig!'*, A™"*, and xJ'"* for y=1973-2005

where xj'"* 2 0. It is assumed that for 2006+ the average of 8%822005x;""*
values applies.

Model 3 also allows for a second selectivity fuaotfor Area 3 to be estimated — as
described for Model 2 above.

An extra term is added to the likelihood functianarder to smooth the extent of
change in the selectivity with time, as follows:

2005
—InL - =InL+w >0 >0 DA =X (14)

m/f A y=1973

A number of fixed values ofl, 12 andl,,, were tested (see Table 1). The selected

values for Model 3 (variant 3e), correspondinghe best fit achieved to the data, are
11=40, 12=140 andl,;,, =80. A selectivity penalty weighting value ef,, =5 was

also selected, for reasonable estimation performanc
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Results and Discussion

Tables 2-7:  report the results for the followingdats:

Table 2: Model 1 (time varying selectivity MARAM nied — one selectivity
functional form for Area 3),

Table 3: Model 2 (time varying selectivity MARAM rted — two selectivity
functional forms for Area 3)

Table 4: Model 3 (time varying selectivity OLRAC thed)

Table 5: provides comparisons between these vamoadels for quantities of

key interest.

Most of the graphical results produced in this agoent are foiModel 2. Figure 4a
shows the model estimated stock-recruit residUatpire 4b shows the selectivity
functions estimated for 1973, Figure 4c shows themated time-varying areal-
proportions of global recruitment for each Areayufe 4d shows the estimated time-

varying selectivityé;“’ "A for each Area and sex, and Figure 4e shows tleetagty
functions S1 and S2 estimated for Area 3.

Figure 5 shows the Model 2 fits to the observed ERldnds for each Area. Figure 6
shows the Model 2 fits to the CAL data for male &male lobsters from each Area.
Results here have been averaged over the dateyfgériod.

Figure 7a shows the Model 2 estimated female spayhiomass trend, and Figure
7b shows the exploitable (m+f) biomass trends &mheArea.

Figure 8 shows the Model 2 estimated fishing propos for each Area.

Figures 9 and 10 correspond to Model 3e variarthefOLRAC approach for time-
varying selectivity, showing fits to the observedPWUE and the CAL data
respectively.

Projections

Each model is projected ahead under the curreah @dliocation, i.e.173 MT for Area
1, 134 MT for Area 2 and 74 MT for Area 3.

Other assumption regarding future projections are:

Stock-recruit residuals
For all models it is assumed that for 1998+ thelstecruit residuals are zero.

Total recruitment proportional split per Area
It is assumed that for 2001+, the average of thienated proportions (for the 1973-
2000 period) apply.

Selectivity
Model 1 and 2 (time varying selectivity MARAM metho— it is assumed that for

2006+ ;""" =0.
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Model 3 (time-varying selectivity OLRAC method)t-i$ assumed that for 2006+ the
average of the 1973-2008" " values applies.
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Table 1: Model 3 results for alternate valuesldfli2 and 1, (see Figure 3 for
diagram).

3a 3b 3c 3d 3e
11 40 40 40 40 40
|2 100 100 100 120 140
| 70 80 90 80 80
n
Selectivity penalty 5 5 5 5 5
multiplier U
-InL CPUE total -169.36| -156.78 -124.27 -109.39 .79
-InL CPUE Area 1 -113.05  -98.07 -62.86 -56.38 -43.4
-InL CPUE Area 2 -32.96 -33.29 -37.94 -31.14 -31.10
-InL CPUE Area 3 -23.35 -25.41] -23.47 -21.8Y -14.45

0 CPUE Area 1 0.012 0.021 0.069 0.089 0.135

0 CPUE Area 2 0.195 0.192 0.164 0.207 0.203

0 CPUE Area 3 0.271 0.252 0.270 0.285 0.368

-InL CAL total -457.76| -526.57 -488.68 -584.8p -614!
SR pen 2.30 6.38 3.17 5.29 4.35
Selectivity penalty 9.92 11.13 5.99 7.04 7.90
-InL Total -562.96 | -608.27| -563.23 -636.54 -639.733
-InL -624.82 | -676.96| -609.7 -688.96 -699.41
(CPUE+CAL+SR) T
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Table 2: Model 1 (time varying selectivity MARAM nid — one selectivity
functional form for Area 3) estimated parametersl @uantities of management

interest. Biomass quantities are in MT.

1

Parameter/quantity Global | Areal | Area2 | Area3

Total number of estimable parameters 202

K total female spawning biomass 889

h S/R steepness parameter 0.80

A? proportiofR to AreaA 0.38 0.38 0.24

ut rel. female scaling parameter for Abea 1.22 1.23 1.28

| A length at 50% selectivity for male 69.29 63.82 56.90
lobsters in Aréa(mm)

| A length at 95% selectivity for male 79.02 70.43 61.83
lobsters in Aréa(mm)

e length at 50% selectivity for female 66.83 63.10 56.32
lobsters in Aréa(mm)

| length at 95% selectivity for male 73.79 70.52 60.10
lobsters in Aréa(mm)

ol growth function parameter 0.130

LmA L., for male lobsters in Area (mm) 104.01 | 107.03 | 113.67

LIA L., for female lobsters in Are& (mm) 99.63 100.31 | 112.29

K growth curve parameter{yr 0.079

t, growth curve parameter{yr -1.93

-In L (CPUE) -82.40 -38.41 -22.46 -21.53

CPUE o 0.161 0.280 0.289

-In L (CAL) -428.3 -179.33| -132.13| -116.84

CAL o 0.063 0.090 0.086

SR residual penalty (Eqn 37) 8.56

Time varying selectivity penalty (Eqn 39) 7.89

Growth parameters penalty (Egn 36) 6.78

Time varying recruitment penalty (Eqn 38) 8.72

Total —IrL_ value -478.35

BR /K 0.44

BIPA [ K 204 0.37 0.34 0.29 0.49

BEPA 717 185 227 304

BEXPA | BEXPA * 0.35 0.26 0.2 0.56

2015 2006

* The basis for this projection under a total fet@nnual catch of 381 tons is detailed

in the text.
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Table 3: Model 2 (time varying selectivity MARAM tidd — a combination dfvo
selectivity functional forms for Area 3) estimatg@rameters and quantities of
management interest. Biomass quantities are in MT.

Parameter/quantity Global |Areal | Area2 | Area3

Total number of estimable parameters 206

K total female spawning biomass 807

h S/R steepness parameter 0.68

A? proportioiR to AreaA 0.38 0.40 0.22

ut rel. female scaling parameter for Akea 1.25 1.26 1.16

| A length at 50% selectivity for male 67.87 63.18 59.02
lobsters in Aréa(mm)

| A length at 95% selectivity for male 7727 69.23 59.02
lobsters in Aréa(mm)

e length at 50% selectivity for female 65.80 62.49 60.00
lobsters in Aréa(mm)

| length at 95% selectivity for male 72.42 69.53 60.00
lobsters in Aréa(mm)

ol growth function parameter 0.105

LA L., for male lobsters in Area (mm) 105.00 | 107.05 | 111.87

LIA L., for female lobsters in Are& (mm) 101.15 | 100.77 | 110.02

K growth curve parameter{yr 0.089

t, growth curve parameter{yr -1.96

N 63.29

¥ 61.94

w 7.07

A 0.76

JIn L (CPUE) 81.72 | -35.93 | -22.41 | -23.38

CPUEO 0.173 0.280 0.271

JIn L (CAL) 516.68 | -187.42| -129.35 -200.0

CAL o 0.061 0.092 0.062

SR residual penalty (Eqn 37) 7.83

Time varying selectivity penalty (Egn 39) 4.33

Growth parameters penalty (Eqn 36) 2.55

Time varying recruitment penalty (Eqn 38) 17.90

Total —IrL_ value -564.37

B /K® 0.35

BSPA [ K 2P 030 [032 | 028 | 030

BePA 521 179 195 147

BSPA | BOPA 0.27 0.25 0.25 0.33

2015 2006

* The basis for this projection under a total fet@nnual catch of 381 tons is detailed

in the text.
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Table 4: Model 3 (time varying selectivity OLRAC thed — variant 3e) estimated
parameters and quantities of management intereshd®s quantities are in MT.

Parameter/quantity Global | Areal | Area2 | Area3

Total number of estimable parameters 332

K total female spawning biomass 1072

h S/R steepness parameter 0.79

A? proportiolR to AreaA 0.31 0.30 0.39

Ut rel. female scaling parameter for Abea 1.27 1.63 1.40

| A length at 50% selectivity for male 65.57 61.31 50.12
lobsters in Aréa(mm)

oA length at 95% selectivity for male 75.26 65.28 50.13
lobsters in Aréa(mm)

| A length at 50% selectivity for female 65.46 61.25 56.70
lobsters in Aréa(mm)

N length at 95% selectivity for male 71.62 68.38 12.47
lobsters in Aréa(mm)

5 growth function parameter 0.081

LmA L., for male lobsters in Area (mm) 10451 | 106.73 | 111.32

LrA L., for female lobsters in Are& (mm) 98.42 100.76 | 108.58

K growth curve parameter{yr 0.081

t, growth curve parameter{yr -1.94

I 64.12

N 62.12

w 6.29

A 0.87

-In L (CPUE) -89.72 -43.57 -31.70 -14.45

CPUE o 0.135 0.203 0.368

-In L (CAL) -614.04 | -177.93| -153.82 -282.2¢

CAL o 0.064 0.081 0.044

SR residual penalty (Eqn 37) 4.36

Time varying selectivity penalty (Egn 39) 7.90

Growth parameters penalty (Eqn 36) 5.64

Time varying recruitment penalty (Egn 38) 13.62

Total —In_ value -639.73

B /K® 0.48

BIPA [ K 204 0.35 0.34 0.30 0.46

BaPA 572 197 222 153

BEXPA | BEXPA * 0.38 0.23 0.45 0.49

2015 2006

* The basis for this projection under a total fetannual catch of 381 tons is detailed

in the text.

10



Table 5: Comparisons between Models 1-3 of keymatars and quantities.
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Parameter/quantity Model 1 | Model 2 Model 3
TVS- Model 1 with | TVS- OLRAC
MARAM | 2 selectivity with 2
functions for | selectivity
Area 3 functions for
Area 3
K ¥ (total female spawning biomass) 889 807 1072
h (S/R steepness parameter) 0.809 0.683 0.790
-In L (CPUE) -82.40 -81.72 -89.72
-In L (CAL) -428.3 -516.68 -614.04
Total —IrL_ values -478.35| -564.37 -639.73
# estimable parameters 202 206 332
Bop /K 0.44 0.35 0.48
BOPA [ K S0A 0.37 0.30 0.35
BPA 717 521 572
0.35 0.27 0.38

exp exp
B2015 / BZOOG

11




Figure 1: Model 1 CAL fits for each Area.
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Figure 2a: Plot of the proportion of annual catelken in the Jan/Mar period
(horizontal-axis) against the length correspondmghe maximum proportion in the
CAL distribution (vertical-axis) - Area 3 males.
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Figure 2b: Plot of the proportion of annual cateken in the Jan/Mar period
(horizontal-axis) against the length correspondmghe maximum proportion in the
CAL distribution (vertical-axis) - Area 3 females.
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Figure 3: Model 3 shape of the, , function; x, =0 is estimated for each year and
can be eithex1 or >1.

l kink

14
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Figure 4a: Model 2 stock recruitment residuals.
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Figure 4b: Model 2 time-varying areal-proportions global recruitment ﬂ’;’,A).

Values to the right of the vertical line are notiraated, but set equal to the 1973-
2000 average.
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Figure 4c: Model 2 selectivity functions estimatedeach Area for 1973.
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Figure 4d: Model 2 time varying selectivig))’
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Figure 4e: Model 2 selectivity functions (S1 and 8&timated for Area 3 — the S1
functions are for 1973.
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Figure 5: Model 2 fits to observed CPUE trendsaoheArea.
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Figure 6: Model 2 fits to catch-at-length (CAL) ddbr male and female lobsters from Areas 1-3. Refiave been averaged over the data-
fitting period.
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Figure 7a: Model 2 estimated female spawning bienand.
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Figure 7b: Model 2 estimated exploitable (m+f) bams trends for each Area.
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Figure 8: Model 2 estimated fishing proportionsdach Area.
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Figure 9: Model 3e (time-varying selectivity OLRA@ethod) estimated CPUE
trends.

CPUE Area 1

2

1.8
1.6
12| A\

1 ®
0.8
0.6
0.4
0.2

0 ; ; ; ; ; ;
1975 1980 1985 1990 1995 2000 2005 2010

—

—&— Observed

—&— Predicted

CPUE

CPUE Area 2

25

15

—&— Observed
—&— Predicted

CPUE

14

0.5 1

0 ‘ ‘ ‘
1975 1980 1985 1990 1995 2000 2005 2010

CPUE Area 3

15 K —e— Observed

CPUE

—a— Predicted

0.5

1970 1980 1990 2000 2010

23



Figure 10: Model 3e (time-varying selectivity OL

_RAREthod) fits to CAL data.
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