GARM Working Paper 4.8 (Supplementary)
On the Implications of Tagging Analysesfor the

Shape of Selectivity at Agefor Gulf of Maine Cod

Doug S. Butterworth and Rebecca A. Rademeyer
MARAM (Marine Resource Assessment and Managemeot@r

Department of Mathematics and Applied Mathematics
University of Cape Town, Rondebosch 7701, SoutlcAfr

INTRODUCTION
This paper provides some comments in responsertoaHd Miller's (2008) interpretation of the
implications of their analyses of tagging data rdgay the dome shape estimated for selectivity for

Gulf of Maine cod in the ASPM Reference Case assessof Butterworth and Rademeyer (2008a).

It is first informative to consider the sensitivity the 2007 Reference Case ASPM assessment of
Butterworth and Rademeyer (2008a) to alternatileegof age-independent natural mortalityThe

results are shown in Table 1 and Fig. 1 below.

From Fig. 1 it is clear that the inference or otise of a dome in selectivity depends stronglytun t
value assumed fdv. If M=0.2 yr! as assumed for the Butterworth and Rademeyer )M&ference
Case, then selectivity for the NEFSC surveys igeppbly dome shaped with a rapid decline with age

above age 7. However ft ~ 0.4 — 0.5, the selectivity for these ages becoefiectively flat.

Interestingly, the tagging analyses of Hart andévi{2008), from which they infer such flat sele,

estimate (approximatelWi=0.5 for length<60 cm anel=1.0 for length>60 cm.

SELECTIVITY AND EMIGRATION

A decrease in selectivity that is estimated fogésages can be a surrogate for emigration. Bubteiw
and Rademeyer (2008b) show that an annual emigredieE will appear as a decrease in selectivity
at age &) of magnitude:

Si1/ S ~ ef 1)
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Given the results of Hart and Miller (2008) thataager ages the return rate of tags is indepenafent
age for Gulf of Maine cod for larger ages at rededtswould follow that in the emigration in equati
(1) must bepermanent, i.e. once cod in this population become oldds itot merely that they become
less likely to be captured by trawl gear, but rathat some of these cod behave in a way (see later
section) that renders them unavailable to such. @#ctly such behaviour is more accurately
modelled by a two-box framework with permanent nrogat from one box to the other, as it implies
that the complete population is not fully mixedt breating this as decreasing selectivity at agaiwi

a single box framework is common practice asvirually identical mathematically and simplifies

the modelling.

ESTIMATESFROM TAG-RECAPTURE DATA

In the situation of a population with parametedeipendent of age, the tag-return information can be

summarised by two statistics:

R = ¢F/Z (2
T=1z ®)
Z=F+M+M+E+2 (4)
where:

R is the fraction of tags that are eventually recede

T is the average time elapsed before a tag is reedye

F is the fishing mortality rate,

@ is some combination of immediate mortality of ggad fish and a proportion less

than 1 of tagged fish recaptured (in the Hart ariieM(2008) analyses high-reward

tagged fish) that are reported,

M is the natural mortality rate,

M* is an additional tag-induced continuous mortatite,
E is the emigration rate, and

y) is the tag shedding rate.

The Hart and Miller (2008) analyses model a momamex situation including length-specific
differences and movements between three areas) bssence are governed by equations (2) to (4)

above. Specifically they amount to making the aggtionsE=0 and®=1, which leads to:
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R = FI(F+M+ M* +)) (5)

T

U(F+ M+ M* + 2) (6)

Taking) ~ 0.15 from the Hart and Miller (2008) analyse¥] given values foR andT from the data,

these amount to two equations for two unknowhand M + M*). The smallish value d® essentially

drives the estimate &f to be relatively low, so that equation (6) coupddsb to a lowish value af

leads to the high values d¥I(+ M*) reported in Hart and Miller (2008). M=0.2, these implyI*=

0.3 for younger and 0.8 for larger cod, with thigelavalue in particular seeming much too high¢o b

realistic for a continuous tag-induced additioratiunal mortality rate.

However, there are two alternative interpretatiohthe tag data which equations (2) to (4) also

suggest:

i)

E>0: (permanent) emigration of cod from availabitibytrawl gear, as the analyses are
able to estimate only the parameter combinatibrt (M* + E), so that the values ™,

M* andE are confounded — for example a positive valuesfas suggested by estimates
of dome shaped selectivity, while maintaining avarional value foM ~ 0.2 would see
M* reduced to seemingly more realistic levels; and

@<1: some combination of immediate mortality of tadgod and non-reporting of
recovery of high-reward tagged cod; equation (Bhtbuggests a compensating increase
of F necessary to maintain the value of its numerathich could then lead to a decrease
in the estimate of M + M* + E) sufficient to allow a realistic estimate ldf consistent
with an E=0 assumption; what then would have to be chedkedgh, is whether or not a
decrease i sufficient to achieve such a reduction ft M* + E) required an increase
in F beyond what is compatible with assessment compuot{note that the present
estimates oF for Gulf of Maine cod of length>60 cm in Hart akfiller (2008) (~ 0.18 -
0.19) would seem perfectly compatible with thoseHgos for the ASPM Reference Case

assessment of Butterworth and Rademeyer (2008a)L 7).

WHERE NEXT?

The key question becomes: how might the alterngiossible interpretations above of the implications

of the tag-recapture data be distinguished?



A)

B)

GARM Working Paper 4.8 (Supplementary)

@<1: A proposal would be to rerun the model in Hartl Miller (2008) with®@=0.5 (say) to
re-estimatd= and M + M* + E) so as to check whether the resultant increatieeiestimates
of F for Gulf of Maine cod can result in a sufficier@alease in corresponding estimated\wbf (
+ M* + E) to be reasonably compatible with Br0 inference (i.e. achieve a realistic
reduction in the associatdt value) without increasing to an extent incompatible with
assessments.

E<0: There are a number of possible mechanisms witahd lead to this, such as migration
to outside the areas effectively considered by Hadt Miller, including to deeper water or to
untrawlable rocky ground preferentially inhabiteddider cod, or an ability of cod related
(though with variance) to their age/length to aehigreater capability as they age to escape
capture by trawls because of improved swimmingtgbiThe first possibility might be tested
through placement of alternative gear such as ineglboth in areas covered and not covered
by the current trawling surveys, while recordingsi cameras placed on nets of fish

behaviour with the approach of a net might sheldt lamn the second.
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Table 1: Results for the 2007 Reference Case ASEsament for Gulf of Maine cod for
different (age-independent) input values for ndtorartality M.

1 fia fad fie
2007 Ref
Blerence A=03 =04 M=05
Case
InL 834 792 10.95 21.00
M 0.20 . 030 . 0.40 . 0.50 .
A L34 (015 113 (016 094 (017 068 (0.16)
¥ 1.00 . 1.00 . 1.00 . 1.00 .
P 14731 (0.10) 9334 (0.11) 7256 (01D 7785 (0.11)
B 004 3449 (0.14)  3L4l (013 3084 (010 3518 (0.11)
B 006 4287 (015 3847 (013 3739 (013 4218 (0.13)
B i 023 (013 034 (0.14) 042 (013 045 (0.13)
B el & 025 (015 041 (016 052 (015 054 (0.15)
B 5105 (0.09) 3541 (0.07 2910 (011 3263 (0.14)

BPolBPagy 065 (015 083 (0.14) 106 (0.14) 103 (015
BPolBT gy 081 (015 109 (0.14) 128 (0.14) 129 (015

B el 036 (0% 038 (015 040 (017 042 (0.19)
MEY 1254 (0.06) 1181 (006 1149 (011 1216 (0.13)
Fagy 0.46 - 0.53 - 0.70 - 0.80 -

Fa 017 (015 017 (014 017 014 016 (014
Coram skape 057 (018 037 (03 017 (07D 006 (1.97)

NEFSC slope 047 (010 025 (020 004 (LR 001 (6.30)
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Fig. 1: NEFSC Spring and commercial selectivitpge functions estimated for the
2007 Reference Case ASPM assessment for the vamdues of age-independevit
for which results are reported in Table 1.



