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Outline

 Current growth model
* Tagging data

* Fits of the AMSF and AMSFc models to the otoliths and tagging
data




Current growth model

GROWTH OF YELLOWFIN TUNA, THUNNUS ALBACARES, IN THE
EASTERN PACIFIC OCEAN BASED ON OTOLITH INCREMENTS

* Richard model fit to ageing
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Tagging data

Data sources available to estimate the
growth for yellowfin tuna in the EPO:
(a) direct age estimates from otolith
readings, (b) time at liberty for tagged
bigeye, (c) length at tag-release (L1)
and (d) length at tag-recapture (L2).
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Tagging data
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Tagging data: Spatial distribution
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Tagging data: spatial distributionsssss
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Tagging data: spatial distribution ofshigh*confidence data
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Tagging data: high confidence data
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Tagging data: only high confidence-data
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Tagging data: comparison
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Models
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Results: integrated model

« Model with correlation (f=1094.62, 10 parameters, AIC=2209.24) fitted the data better
* than the model without correlation (f=1107.36, 8 parameters, AIC= 2230.72).

 The fit with correlation returned the same average size than the fit without correlation, but with a slight
change in the standard deviation of size at age (plotted below as a function of average size at age) (Fig. 1)
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Results: integrated model X otolithvonly model

* When comparing the integrated model with correlation to the growth model fit only to
size at age data, both the L2 and the variability of size at age are different. The two model
start to differ around age 3.5 years
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Results
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Results: diaghostics

standardized residuals
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The standardized residuals for
the size at age data (otoliths
data) for the fits of the
integrated model with
correlation shows tendency
towards negative residuals for
very young ages and strong
pattern of positive residuals
for the older ages



Results: diagnhostics
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Both models (with and without correlation) would show an excess of quantiles in the first category in the Francis diagnostic, with the model
without correlation showing a pattern more closer to the uniform one (Model without correlation One-sample Kolmogorov-Smirnov test D =
0.2738, p-value = 3.783e-09, model with correlation D = 0.2679, p-value = 8.855e-09). Francis et al (2015) suggest that this pattern can be

improved by modelling the shrinkage of the fish due to freezing.



Results: comparision BET and YRl
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Results: model for tagging data only==

N Mean length at age

Model fit to tagging data only, with L1 fixed at the MLE of the
otolith data run (red)

The tagging-only data predicts sizes much smaller than the
otolith data.

That might be an indication of changes in growth, the otoliths
data 1s from the 70’s the tagging data from the 2000-2010.

(The integrated run with correlation run predicted average size
at age in between the tagging and the otolith run.)
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Results: diagnostics

YFT with cor only tag YFT with cor & shrink
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Results: using tagging data to estimate variability

250 Mean length at age

average size at age as predicted by the otolith data and
estimate only the variability using both the otolith and tagging
data. ool e

Variability assumed in the current stock assessment (in blue) are
much larger for older ages and smaller for younger ages than the s,
ones estimated here.

100

50+

— onlyotol
— fixave

0 r T T T T T
0 2 4 6 8 10




Parameter estimates

Fit to otolith data only Fit to otolith and

Parameter (age-at-length) tagg;(r)l;gr ec}zglo Igwth
Growth curve

Lo 185.48 171.5

K 0.7514 0.9459

fo 1.8333 1.944

p 2.0427 0.9792

Variability of length at age

a 0.6007 2.1216

b 0.0357 0.0258



The likelihood profiles shows that even when the extreme-most
tagging observation is excluded, the tagging data still supports a

smaller Linf

= Richard model fit to otolith data and tagging data, random-effects model

== == Richard model fit to otolith data
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Fork-length distribution in the catch of surface fisheries (open
[ e symbols) and longline fisheries (closed symbols) \\v\._
Suda and Schaeffer (1965).
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Size distribution in the YFT fisheries=
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Proportion of largest sizes
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« The tagging data used is mostly of northern fish as the otiolith data

« The tagging data indicates that YFT growth to a smaller asymptotic size than the
otolith data indicates, and closer to the large fish in the samples of length
frequencies. The two data sets combined allow for a better estimation of the
variability of size at age.

« The differences in the estimated growth may be due to:
« Changes in growth over time
« Effect of shrinkage

« Different spatial distribution of the collections of otolith and tagging data (but the high
confidence tagging data is from about the same area than the otolith data)
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Results model with shrinkage

I tried the shrinkage option, but could not make it to work by
estimating all parameters at once. So I fit the shrinkage data
only (which is for BET), to estimate the shrinkage parameters
and used the MLE of those parameters to fit the growth model
to the rest of the data. I obtained the green growth curve below
(Figure 6). I was expecting the shrinkage option to go the other
way around, but instead the L2 decreased even more.
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