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ABSTRACT

A simple Schaefer-like production model is usedimulations to assess the
potential benefits or otherwise of attempting ttineate the extent of non-
linearity in a CPUE-abundance relationship (retidcby the paramete).
The resource situation considered is similar tot #waalysed by Hicks
(2005), though this paper evaluates only estimatiased upon CPUE data
alone. Simulations are conducted for three preestgtion values of orange
roughy abundance, which correspond to a resourgshvelh present is either
still declining, is approximately stable, or is fieasing slightly. CPUE data
are generated for five different values of fhearameter, and estimators
which either fix this value, or try to estimatdribm the fit of the population
model to the CPUE data, are considered. An initiglression of the results
obtained for estimates of the initial biomass, eatrdepletion and current
replacement yield for the simulated resource i§ fhaerms of root -mean-
square errors, estimatingg can achieve smallish gains in some
circumstances, but leads to much larger lossethgra

INTRODUCTION

A matter which has an important impact on the tesaf assessments of some New Zealand
orange roughy resources is whether such analysegdsimternally attempt to estimate the extent
of possible non-linearity in the relationship beéweCPUE and abundance, rather than assume
this relationship to be one of linear proportiotyadis is customary.

Hicks (2005) has addressed this question usingativey complex age-structured model of the
underlying resource dynamics. Here the intentiotoi€omplement Hicks’ results by using a
simple age-aggregated production model (AAPM) far tesource dynamics, to see whether this
can contribute further insight.



METHODS

The intention here is, as far as possible, to mitmécsituation considered by Hicks (2005), which
was based on the New Zealand Mid-East Coast oranggy fishery, to facilitate the contrasting
of results. Accordingly, the simulations carried tere utilise the catches in that fishery from
1982 to 2003, and assume an annual CPUE indexan@V of 0.28 to be available over the
period from 1984 to 2003 with the exception of 1989

The deterministic AAPM used for the underlying nes® dynamics is a simple “distortion” of
the Schaefer model that yieltl4SY at a depletionMISYL or Bmsy) of 0.3o (as conventionally
assumed for orange roughy resources) rather tia83 (see Appendix). ThBISYR (= MSY/Bng)
parameter of the model is set at 0.04 and is knexactly to the estimator — this is roughly
equivalent to tests of age-structured model estimdbr orange roughy which assume natural
mortality M and steepnedsto be known without error. Three underlying scesafor current
resource status are investigated, spanning a i@ngerent resource depletioBofos/Bo) of some
10-35% within which current estimates (dependingassumptions) for the Mid-East Coast
orange roughy resource lie (P. Mace, pers. comiiimg.values 0By selected for these scenarios
are 130 000, 140 000 and 160 000 thousand tons,carréspond respectively to current
depletions of 10, 20 and 33% of the resource, oivatently to instances where the resource
over the most recent five years has been decliquitg rapidly (5.5% p.a), declining slightly (1%
p.a.) and increasing slightly (0.2% p.a.).

The possible non-linearity in the relationship betw CPUE and abundand (s modelled as:
CPUE = gB*e® wheres ~ N(0,0?) (1)

where in a slight extension of Hicks (2005), valoég of 0.625, 1, 1.6, 2 and 4 are considered.
As in Hicks (2005} = 0.28. The combination of three valuesBarand five values fof leads to

15 scenarios (see Table 1). For each of these sogna00 sets of CPUE values over the period
from 1982 to 2003 (excluding 1989) are generated to progithasis to contrast the performance
of different estimators.

The two AAPM-based estimators considered both assexact knowledge of the form of the
surplus production function and of tMSYR parameter. The first assumes linear proportionalit
between CPUE anf (i.e. thatf = 1), and estimate3,, o andqg. The second attempts estimation
of p as well as these other three parameters.

Further details of the underlying model and théestiors may be found in the Appendix.

1 At the stage of checking of the final results tlois paper, it was realised that CPUE data hadvieraently been
generated from 1982, rather than from 1984 as det@rio duplicate Hicks (2005). This should not, beer, have a
major impact on the results.



RESULTSAND DISCUSSION

Results of the simulations in terms of distribuiarf estimates (reflected by medians and 90%
probability intervals) compared to true underlyiwajues are shown in Fig. 1 for three quantities
of management interedBy, B2ooz/Bo and the current replacement yiét-o0z (i.€. the catch that
would maintain the biomass at its 2003 level). thar case wherg = 4, the results may not be
entirely reliable as there were indications that éstimation minimisation had not converged on
all occasions. This also occurred for lower valoig, but with much less frequency.

As expected, estimating increases estimation variance. The question isthehethere is
sufficient compensatory decrease in bias to justifgh estimation. Note that although estimators
which assumg = 1 when this happens to be the true value gi\®aged results for the three
quantities shown in Fig. 1, bias is not totally oxed wherp is estimated (even when the titie

is 1). Because of possible confounding as a resubnvergence difficulties, results fér= 4 are
not considered in the comments below.

Patterns amongst the results differ depending @n ttbhe value forBo, though the more
fundamental distinction is likely whether the bigsarend is still downwards, is almost stable,
or is slightly increasing. As far as bias is conest, for the three quantities considered:
* Bo marginal improvement for the downward trend castierwise little to
choose.
e Booos/Bo: definite improvement for the almost stable cagkerwise minimal.
*  RYauos: comments as fdB20os/Bo.

To assist gauge whether these decreases in biasat the increases in variance, Table 2 lists
the ratio of the root-mean-square errors (RMSHE$)the estimator estimatingto that for the
estimator fixingp = 1. A general impression from this Table is thdtile estimatings is
advantageous in some circumstances, the beneéinelt in terms of the RMSE’s are not very
large; on the other hand, there are a number dar&huations where estimatigfyleads to a
fairly substantial deterioration in overall estimoatperformance.

The calculations reported have considered the wds®e only CPUE information (being a

relative measure of abundance) is available. Hyarostic surveys (for example) have the
potential to provide information on abundari@en absolute terms. A possible further step for
computations such as those reported here is tadmnthe impact of the availability of such

information on the performance of different estianaf but taking account of the fact that such
information will have associated variance and mag be biased.
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Table 1. Description of the different scenarios and estimgator the combinations considered in

this paper.

Combination Scenario Estimator specification
1 Bo =130 0004 = 0.625 Sep=1
2 Bo =130 0005 =1.0 Sep=1
3 Bo =130 0005 =1.6 Sep=1
4 Bo =130 00045 =2.0 Sep=1
5 Bo =130 0005 =4.0 Sep=1
6 Bo =130 0004 = 0.625 Estimatg
7 Bo =130 0005 =1.0 Estimate
8 Bo =130 0005 =1.6 Estimateg
9 Bo =130 00045 = 2.0 Estimateg
10 Bo =130 0005 =4.0 Estimateg
11 Bo = 140 0004 = 0.625 Sep=1
12 Bo =140 0005 =1.0 Sep=1
13 Bo =140 0005 =1.6 Sep=1
14 Bo =140 0005 = 2.0 Sep=1
15 Bo =140 0005 =4.0 Sep=1
16 Bo = 140 0004 = 0.625 Estimatg
17 Bo =140 0005 =1.0 Estimateg
18 Bo = 140 0005 = 1.6 Estimate
19 Bo =140 00045 = 2.0 Estimateg
20 Bo =140 0005 =4.0 Estimateg
21 Bo = 160 0004 = 0.625 Sep=1
22 Bo =160 0005 =1.0 Sep=1
23 Bo =160 0005 =1.6 Sep=1
24 Bo =160 0005 = 2.0 Sep=1
25 Bo =160 0005 =4.0 Sep=1
26 Bo =160 0004 = 0.625 Estimatg
27 Bo =160 0005 =1.0 Estimate®
28 Bo =160 0005 =1.6 Estimate
29 Bo =160 00045 = 2.0 Estimate8
30 Bo =160 0005 =4.0 Estimate




Table 2. Ratio of RMSE (estimating) to RMSE (fixg = 1) for the 15 scenarios considered.

Scenario RMSE ratio
Bo p Bo B2003/Bo RY2003
130 000 0.625 3.543 2.718 2.312
130 000 1.0 1.652 0.981 0.991
130 000 1.6 0.846 0.935 0.922
130 000 2.0 0.948 0.988 0.984
130 000 4.0 0.490 1.222 1.251
140 000 0.625 5.209 2.566 2.319
140 000 1.0 4.128 1.029 0.996
140 000 1.6 1.422 0.807 0.828
140 000 2.0 0.969 0.840 0.840
140 000 4.0 3.349 0.585 0.382
160 000 0.625 7.510 1.243 4114
160 000 1.0 12.64 2.051 2.080
160 000 16 3.040 2.051 0.818
160 000 2.0 1.072 1.204 0.747
160 000 4.0 0.969 0.974 1.022




True B, =130 000 tons

True B, =140 000 tons

True B, =160 000 tons

240000 240000 - 240000 " -
220000 - . 220000 1 ' 220000 - '
200000 - . 200000 - . 200000 - o4
180000 - . 180000 - . 180000 - .
' ! T = T hd T T T
S 160000 - , 160000 | . T 160000 | + .
140000 | 23 : 140000 - I - i T Y 140000 - 1 i L . L i i L
120000 | : 120000 - ¢ 3 ' i 120000 - '
100000 4 ' 100000 - ' 100000 +
80000 - 80000 T T T T T 80000 T T T T T
0 2 4 6 8 10 10 12 14 16 18 20 20 22 24 26 28 30
0.7 0.7 0.7 -
0.6 ' 0.6 - 0.6 '
0.5 1 ' 0.5 A 0.5 { '
' ''e
o . .
& 0.4 : 0.4 - 0.4 !
< : : *
g 0.3 . 0.3 1 { I 0.3 | I - T 7
sosl g . T
0.2 . 0.2 - 0.2 .
r 1 I i - L J_ l f . + T
01 —=% T s 11t I I Y 0.1 I I 0.1 1 L
0 ‘ L : 0 ‘ ‘ 0 ‘ ‘ - ‘ :
0 2 4 6 8 10 10 12 14 16 18 20 20 22 24 26 28 30
3000 3000 3000 -
2500 - ! 2500 ! 2500 -
1 [ L 4
2000 - . 2000 - . 2000 - I - T T -
g t : by : I [ T * -
§ 1500 1 . 1500 - . . 1500 .
& S T[] |
1000 - T T ' T T 1000 A ' 1000 A L
* ' . .
500 I { l'l 1 { i i 500 - I: 500 - '
0 : - ‘ ‘ 0 ‘ - ‘ 0
0 2 4 6 8 10 10 12 14 16 18 20 20 22 24 26 28 30

Figure 1. Results of the simulations in terms of distributoof estimates (reflected by medians and 90% pibityaimtervals)
compared to true underlying values for three qti@stof management intereBt, B2oos/Bo andRY2003. The horizontal axis denotes
the different combinations of scenarios and estinsatonsidered (see Table 1), with the first fieeresponding to combinations
for which the parametétis set to 1, and the next five to ones for whidk estimated. Note that within each group, the tralue
of  changes left to right from 0.625, to 1, to 1.6210, and to 4.0.



APPENDI X
Underlying Population M odel

The dynamics of the resource is modelled by anaaggegated production model (AAPM) as follows:

B..=B +f(B)-C, (A1)
CPUE, =qB’e" (A.2)
where:

Bt is the biomass at the start of ygar

f(B) is the surplus production function,

Ci is the catch made in yet(see Table A.1),

CPUE: s the (simulated) CPUE in yefr

q is the constant in the relationship between CPUEdomass, and

&t is the log of the observation error for the CPUEyeart, which is assumed to be

normally distributed with constant variance: N£),

The annual surplus production for the Schaeferigtm) model was adjusted to haBgsy/Bo to be at
30% (whereBo is the pre-exploitation biomass) instead of at 50%ensure derivative continuity, the
production function was accordingly given by:

rB(l— %.GBO) for B, < 0.3B, A3

f(B)= 5
0.1225(1— % j(1+ 25B,)  for B, > 03B,
0

where:
r is the intrinsic growth rate parameter, set hereet 0.08, so thafISYR = 0.04, and
Bigsz  is set equal t@o.

This adjustment was preferred to use of the Peadlaiihson form because that has an unrealistic
infinite slope at the origin fdBumsy/Bo values that are as low as 30%.

Equations (A.1)—(A.3) are used in simulating CPUtiralance indices, where the constant in the
CPUE series is taken to be 1. The values considergtiin equation (A.2) were 0.625, 1.0, 1.6, 2, and
4.

Fig. A.1 shows the form of the surplus productiandtion, and Fig. A.2 plots the biomass trajectorie
for the three values considered Bax



Estimators considered

The model parameters,, B,, ando, and alsg for situations where this is estimated rather tivead
at 1, are estimated by minimising the negativelikglihood function:

2003
-inL= {Ina+ 12 (incPUE, _ln(q)_ﬁln(Bt))2:| (A.4)
t=10821#1989 20
where
q is the constant in the CPUE-abundance relationsiipose maximum likelihood
estimate is given by:
1CPUE( R )
Ing == In[CPUE, )- BInB, |, and
q=- Z‘ (cPUE,)- BInB,
o is the standard deviation of the CPUE series, whnaximum likelihood estimate is

given by:

n =

5 - Ji%(.n(cpua)_.na e ).



Table A.1. Yearly catches of orange roughy (in tons) consdi@nehis paper.

Y ear Catches
1982 700
1983 4000
1984 9000
1985 10000
1986 10000
1987 10000
1988 12000
1989 11000
1990 12000
1991 11000
1992 11000
1993 9500
1994 7000
1995 6000
1996 1900
1997 2200
1998 2300
1999 2300
2000 2600
2001 1800
2002 1500
2003 900
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Figure A.1. Production function wheBo is 140 000 tons, showing also the corresponding flor a

Schaefer function.
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Figure A.2. Deterministic biomass trajectori#sat correspond to the three values choseBdor
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