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Results obtained from projecting the squid resource_oligo vulgaris reynaudii, 10

years into the future.

J.P. Glazer and D.S. Butterworth

Introduction

A Bayesian analysis, to take full account of magietertainty, was recently conducted to
assess the status of the squid resouobigo vulgarisreynaudii. The data included in the
model comprised:

» Jig catches (1983-2002)

* Trawl catches (1971-2002)

» Jig CPUE (1985-2002)

« Trawl CPUE (1978-1999)

* Autumn survey biomass indices (1988-1997, 1999)

* Spring survey biomass indices (1987, 1990-19951p00

A detailed description of the biomass dynamic masierovided in Appendix A.

Part of the assessment exercise included projetfngears into the future under various

constant effort scenarios. The results from tipgegections are presented here.

Projections

Stochastic projections ten years into the futureleundifferent constant jig effort
scenarios were carried out. The assumptions n@dihé stochastic projections are as
follows:

» The proportion of annual jig effort expended integeriod is equivalent to the

average observed over the last three years forhwdata are available.



» Future trawl effort is constant and is equivalentite average standardized effort
in the trawl fishery over the last five years fdnieh data are available.
» The proportion of annual trawl effort expended a&cte period is equivalent to the

average observed over the last five years for whath are available.

In order to prevent negative biomasses from oaegr(as a result of using discrete
approximations instead of differential equations detimating for future constant catch
and effort) in the projection period, rules wereleggd that essentially restricted catches

to no more than 95% of the biomass available (gg@eAdix A).

Results and Discussion

5000 randomly selected samples (generated fronB#yesian analysis) were used to
project the biomass 10 years into the future. @dbpresents average annual jig catches
(reflected by the mediansand 9%' percentiles) for select values of future consjant
effort. A measure of risk is also provided, whask is defined as the probability of the
spawner biomass dropping below 20% of carrying ci&pat least once within the 10
year projection period under the fixed level ofoeff A similar statistic is provided, but
with the 20% being replaced by 10%.
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Plots of —*- and B, (reflected by the median and associated probghiltervals) for

*

971
four of the fixed effort scenarios are shown inufegs 1 and 2 respectively. Despite the
risk statistic being very high at 0.76 for the &tr¢3 million man-hours) and 0.92 for the
current (3.7 million man-hours) level of effort,ig evident from Figures 1 and 2 that
even these levels of efforif (maintained) do not threaten resource extinction. This is
because under a constant effort strategy, thesense automatic feedback control since
the catches will drop if abundance declines. Téslying risk criteria similar to those
for the main pelagic fisheries (sardine and anchahich are managed on a TAC basis)

may not be entirely appropriate.



Nevertheless, the high actual current level of refi@.7 million man-hours) raises
concerns. First, as evident from Figures 1 andvbuld lead to a median resource size
(and hence jig CPUHpwer than at any time in the past. There is thus geadon to

consider reducing this effort level at least to ihtended target level of 3 million man-

B*
hours. This is illustrated in Table 2 which congsaraverage—’- and CPUE

971
respectively over the projection period 2005-204r2tte two levels of effort, with higher
averages evident for an effort level of 3 milliommahours. Also shown in Table 2 is that
the average values from the projection period aneef than the average for the last 10
years historically (1993-2002), more so for therent than the target level of effort.

Figure 3 shows ten CPUE projection realizationgHertwo levels of effort.

More importantly though, the computations (and thecurity” they suggest) depend
critically on specified effort levels not being @etled in any year. The recent trend in
Figure 4 ofincreasing actual effort when the intended effort was fixedthus very
worrying, as it could reflect that if resource abbance drops to low levels, vessels will
simply increase their hours spent fishing, and beaheir effort, to try to maintain total
catches, so that the natural “security” provided tbsource by a fixed effort approach

becomes an illusion.

There would seem two possible approaches to adthnsgsroblem:
1. vessels each be allocated a maximum number of lab@®sa each year, to ensure
that they cannot increase effort at times of lotelcaate; or
2. further rules be invested whereby, say, if CPUEpdroelow a certain level, effort
is reduced by implementing (what would likely bebstantial) increases to the

length of the closed season.

At this stage, limitations under 1) would likely rpgt allowed fishing time to be
distributed in any way over the year (except inlagsed season of fixed duration), but
later refinements might see a need to weight hepesit fishing differently for different

months of the year to allow for changing catchébsiof squid from month to month.



Table 1: Average annual jig catches for various fuire constant effort scenarios and

associated risk statistics.

Effort (‘000 Average Catch | Average Catch | Average Catch | Risk (biomass | Risk (biomass
man-hours) (5™ percentile) (Median) (95™ percentile) | drops below drops below
20% of 10% of
pristine) pristine)
2000 7352.9 5836.5 4628.0 0.27 0.01
3030 (target 8479.8 6487.7 4798.7 0.76 0.20
effort level)
3700 (current 8843.2 6532.3 4409.4 0.92 0.47
effort level)
4000 8971.2 6471.3 4154.8 0.95 0.58
5000 9115.8 6069.4 3090.1 0.99 0.84
6000 9032.1 5382.2 2083.9 1.00 0.95

*
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Table 2: Average—*- and CPUE for the periods 1993-2002 (historic) an8005-

971

2012 (projected) for the target and current level®f effort. The values shown in

brackets are the 90% probability intervals.

Effort (‘000
man-hours)

Average

*

y

" Average

971

B’ Average CPUE
Y (1993-2002).

*

971

(1993-2002)

(2005-2012)

Average CPUE
(2005-2012).

3030 (target 0.33 0.28 2.31 (0.74;3.63 2.10 (0.95;3.67)
effort level)
3700 (current 0.33 0.22 2.31 (0.74;3.63 1.68 (0.64;3.0[7)
effort level)
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Figure 1: Median —2 trajectories and associated probability envelopes. A
971

constant level of effort (‘000 man-hours) is assundein the projection period (2003-
2012).
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Figure 2: Median B; trajectories and associated probability envelopesA constant
level of effort (‘000 man-hours) is assumed in thprojection period (2003-2012).
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ectories for

E=3030.

Figure 3a: Historic jig CPUE and ten projected traj
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Catch

Figure 4: Annual jig catches (t) and effort (‘000 m  an-hours)
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APPENDIX A: The biomass dynamics model specificatizs and projection-related

catch equations and rules

The population model splits a year into two timeiqas, January-March and April-

December, to better reflect the dynamics of theksemd the two fisheries (jig and trawl)
that exploit it (Roel and Butterworth, 2000). Hasrdny recruitment takes place in the
January — March period, and jig and trawl catchiesdasproportionately divided between
this and the April-December period (Roel and Buitgth, 2000). The biomass time
series is estimated by projecting the assumedineiftiomass at the start of the period

(Bo) forward given the historic annual catches.

The biomass dynamics for the two periods are gbxen
—R*A-0/4 jig J-M tram J-M
B, =B,e?"-C/o™" -C Al
* — -3g/4 jig A-D tram A-D
B,,=Be " +R -C/*"" -C~ A2

where B; is the biomass in yegrat the start of January,
B, is the biomass in yegrat the start of April,
C/Jo7™ is the jig catch taken in yembetween January and March,
Cy"g“'D is the jig catch taken in yegibetween April and December,
Cy*’™ is the trawl catch taken in yepbetween January and March,

Cy™ *® is the trawl catch taken in yepbetween April and December, and
g is a composite parameter that accounts for natmaatality, emigration and
growth.
R, is the recruitment in year
_ B, (-1F)) @
B+B,

A3



where:
jig
(:y

F iig —
y -39/4
B,e ¥ +R,

A4

n controls the extent to which recruitment is aféecby jig fishing mortality. &,
is the process error reflecting fluctuation abdwgt €xpected recruitment for year
y, drawn fromN(0,0Z). These residuals are treated as estimable pteesria

the model fitting processd(; is assumed to be 0.3). The estimated residuays ma

. 1 ok : o
be used to calculate = —nyz . The 7R term is to correct for bias given
n y

the skewness of the log-normal distribution.

o andp are stock-recruit relationship parameters. In otdevork with estimable
parameters that are more meaningful biologicalig, stock-recruit relationship is
re-parameterized in terms of pre-exploitation aluum biomassK, and the
“steepness”,h, of the stock-recruitment relationship (“steepfiebging the
fraction of pristine recruitment that results whiglomass drops to 20% of its
pristine level):

hR, = R(0.2K) A5
from which it follows that:

h= 0.2(8 +K)
£+ 02K

A.6

and hence:

10



ag=—29 A7
5h-1
and
K@-h)
- Y A.8
P 5h-1

The likelihood is calculated assuming that the alamce indices are log-normally
distributed about their expected values:

,=1er or g, =n(l))—¢n(l)) A9

where

I, is the abundance index for ygaand series, |, =Q'B, is the corresponding model
estimate, §' being the catchability coefficient correspondirg seriesi and Ey the

average biomass during a given period in ygarand g‘y is the observation error

corresponding to serieésn yeary.

For the January-March trawl index,

* + *—09/4 _ ~jigJ-M _ ~tram J-M
5 - B, +B,e C, C,

y > A.10
For the April-December jig and trawl indices,
_ B, +R +B,
B, = y—;y A1l
For the autumn survey biomass index,
B, =B, +05R, A12

11



For the spring survey biomass index

B,=B,+R, A.13

The contribution of each abundance index to theatneg log-likelihood function (after

the removal of constants) is given by:

. 1 N
—/nL =n/no* +——— > (£')? A.14
I 2(0_*| 2 ;L( y)

whereg*' =,/(6")? +C? A.15

g = /m—lz“(e;)2 A.16

and C=0.2. The introduction of the&C factor is to ensure that no

abundance index receives unrealistically high wisiglhe fitting process.

The contribution of the stock-recruitment residualghe negative log-likelihood function

is given by:

1
—EnL:Zy:[EnaR +?fy2] A.17

R

This is a penalty term, being the equivalent inmegjfientist framework of what would

reflect a normal prior in a Bayesian context.

The derivation of future catches given variabilityabout the catch-effort relationship

The catch-effort relationship(%):qﬁef, may be re-arranged to yiel@ = gEBe’.

Substituting equation A.10 foB will yield the future catches made in the January-

12



March period for the trawl and jig fisheries regpesly. Ignoring they subscripts, these

are thus:
{trawi‘J—M * ;49
Ctravvi,J—M — qtrawi,J—M Etrawi,J—M € B (1+ € ) A 18
- ;Jig‘J-M {trawi‘J—M .
(2+qjig,J—M Ejig,.J—Me +qtraw|,J—M Etrawi,J—Me )
é‘]‘igyJ'M * ;49
Cligd-m — Qjig.o-m Ejig.s-m € B l+e*) A19
- giing-M Etran,J—M .
(2+qjig,J—M Ejig,J—Me +qtrawi,J—M Etrawi,J—Me )

Similarly, for the second period (April-Decembesyipstituting equation A.11 foB will

yield the future catches made in the trawl andigigeries respectively:

-39
Ctrawi ,A-D - qtrawi ,A-D Etrawi ,A—DegtraM‘A_D{ B(1+ S 4 ) + ZR} A20
(2 + qiig,A—D Eiig,A—De‘gjig'A_Dy + qtravw ,A-D Etrawi ,A—De‘g"aMVA_D )
-39
CligAD — Ujig,a-D Ejig,A—De et {B+e )+ 2R} A1

2+ Qjig.a-0 Ejig,A—D gfieAor 4 Orand A-D Etrawi YA_Degtrawi,A—D )
£ ~N(0,(6*')?), i denoting each index of abundance.

Prior distributions for estimable parameters

The following (uninformative) prior distributiongeassumed:
* Pristine recruitmenf ~ U(00)
« Stock-recruitment residual, ~ N(0, 0.3)
¢ g~N(1.2,0.9

13



e ~( 177 )/0.9191234596 (the second denominator being included
03+ 097(1-n)

normalize the prior)

» steepness$ is a discrete value ranging from 0.4 — 0.95 in step0.05 (i.e. 12
models in total). Deviance Information Criterionl(@) was used to weight the
models, i.e. assuming that such DICs are equivaterihe marginal posterior

probability of each model).

Rules for projections

-9
If the estimated biomass in the second period @ss than005B" xe 4 ) then the first

-9
period catches were set t®95p(B xe“) and the second period biomass to

-g
005(B" xe 4 ). Similarly, if the estimated biomass in the fipgiriod of the following

-39
year was less tha®05Bxe 4 +R) then the second period catches from the previous

-39 -39

year were set td095p(Bxe * +R) and the first period biomass @05Bxe 4 +R).

p apportions the catches in the correct ratio fohgzeriod and each fishing type.
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