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Why consider poststratification?

IATTC tuna stock assessments presently
use large areas formed from sampling Stock assessment

Evaluacion de stocks

areas.
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The present work focuses on the purse-
seine fishery for dolphin sets from 2000-
2011, with emphasis on yellowfin tuna.




Background: port-sampling data

A stratified two-stage sampling procedure is used to sample tuna
catches in port:

« 1ststage: vessel wells
« sampled largely opportunistically;
» only sampled if catch is from the same “stratum.”

« 2 stage: fish within a well

« individual fish selected from an opportunistically-established
starting point during unloading;

» approximately 50 fish of each species are measured,;

 independent of the measured fish, several hundred fish are
counted for species composition;

« sampling differs slightly for catches unloaded by species and size.




Background: port-sampling data

To obtain a representative data set, the fishery is divided into
categories (“strata”) that are defined by:
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Background: port-sampling data

Sample data contain information on
both the sampling area and the 5°
area.

The detailed spatial data compare
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Background: estimation of catch by species

Sampling strata are defined by area, month and fishing mode.

Alternative assessment areas may have boundaries that cross sampling
areas.

For this reason modification to the methodology for estimation of total
catch by species may be necessary.
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Background: estimation of catch by species

Current estimator of species catch (in weight):
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Background: estimation of catch by species

» Suppose new stock assessment areas have been defined.

« Two different ways to modify the current methods for estimating
fishery totals:

1) Assume that only the stock assessment areas are important.

2) Assume both the sampling areas and the stock assessment areas
need to be taken into consideration.




Background: estimation of catch by species
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Preliminary analysis of stock assessment areas

Purpose: identify large areas with similar population characteristics.

Two types of data used:
Length-frequency distributions (port-sampling data), 2000-2011;
Nominal CPUE trends (observer and logbook data), 1975-2011.

Data processing for length-frequency distributions:
- Raise sample data to the well catch.

- Grown/shrink lengths to mid-month of each quarter (assessment has
quarterly time step).

- Summarize each sample by proportion of fish, p;, in 11 length intervals:
< 58cm, 59-69cm, ...,136-146cm, 147-159cm, = 160cm.




Preliminary analysis of stock assessment areas

Example of summarized length-frequency distributions,
2003-2007 (pooled over quarters and years):
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Preliminary analysis of stock assessment areas

Data processing for nominal CPUE trends:

- Catch per day fishing for each month and 5° area was computed by the method
used for the assessment.

- Within each 5° area, by quarter, estimate the temporal trend in nominal CPUE
using regression splines:

sgrt(CPUE) = f(year) + error

where f is a smooth function, “sqrt” = square root.

- The spline coefficients, S, (excluding that of the constant term) are used to
summarize the trend in each 5° area-quarter.




Preliminary analysis of stock assessment areas
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Preliminary analysis of stock assessment areas

The method of analysis is based on multivariate regression trees.

This method allows us to explore pattern simultaneously in length-
frequency distributions and CPUE trends. Al (Parent)

Split criterion: /\

Left Right

v [scaled reduction in heterogeneity, length-frequency] +
(1- v ) [ scaled reduction in heterogeneity, trend coefficients]

Measures of heterogeneity for a collection of r observations :
Length-frequency

Kullback-Leibler divergence: ., p,(t)log (I;%?)
CPUE trend coefficients |
Modified squared error: }.,- > (,Brk — ﬁk)z




Preliminary analysis of stock assessment areas

Use the 5° latitude, 5° longitude and quarter of fishing as predictor
variables.

Build a small tree.

All partitions of this small tree were spatial:

Simultaneous tree South of 5N | North of 5N

West of 95W | East of 95W South of 20N | North of 20N




Preliminary analysis of stock assessment areas
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Preliminary analysis of poststratification
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Preliminary analysis of poststratification

For average weight, linear models were fitted to the sample data for
yellowfin tuna:

sqrt(w;) = overall constant + stock assessment area effect + error

sqrt(w;) = overall constant + tree area effect + error

sqrt(w;) = overall constant + sample area effect + error

sqrt(w;) = overall constant + sample-tree area effect + error

sqrt(w;) = overall constant + month effect + error

sqrt(w;) = overall constant + month effect + stock assessment area effect + error
sqrt(w;) = overall constant + month effect * stock assessment area effect + error

sqrt(w;) = overall constant + quarter effect * stock assessment area effect + error

Models were fitted separately by year (2000-2011), with weights equal to the
individual-well total catch amounts.

Within each year, models were compared with: AAIC = AIC — AIC,,;, , where
AIC, ... is the AIC of the best model in the collection.




Preliminary analysis of poststratification

For species counts, logistic regression models were fitted to the sample
data:

log(r;/[1-r;]) = overall constant + stock assessment area effect
log(r;/[1-r;]) = overall constant + tree area effect

log(r;/[1-r;]) = overall constant + sample area effect
log(r;/[1-r;]) = overall constant + sample-tree area effect

where r; is the probability that a fish drawn from the j*" well was a
skipjack.

Models were fitted with weights equal to the individual-well total catch
amounts.

Overall results were similar to those for average weight, but there was
model instability caused by the predominance of yellowfin in the data.




Preliminary analysis of poststratification

Example of results of analysis of average weight:

AAIC

2006
Stock assessment (model (i)) 12
Tree (model (ii)) 1
Sample (model (iii)) 1
Sample-tree (model (iv)) 0
Month (model (v)) 36
Stock assessment + month (model (vi)) 7
Stock assessment * month (model (vii)) 4
Stock assessment * quarter (model (viii)) 7

2007
Stock assessment (model (i)) 18
Tree (model (ii)) 75
Sample (model (iii)) 0
Sample-tree (model (iv)) 0
Month (model (v)) 95
Stock assessment + month (model (vi)) 22
Stock assessment * month (model (vii)) 16
Stock assessment * quarter (model (viii)) 19




Preliminary analysis of poststratification

Results of the analysis of yellowfin tuna average weight data can be
summarized as follows:

» For most years, spatial structure appears to dominate over
temporal structure.

« A spatial stratification somewhere between the 13 sampling areas
and the 3 stock assessment areas may prove adequate for
estimation of total species catch.




Future work

Preparation for the IATTC External Review in October will include:

1) A sensitivity analysis of the simultaneous regression tree results,
Including an evaluation of the effect of interannual variability in the
length-frequency data.

2) Regression tree and generalized linear model analyses of the port-
sampling data (by area, time period) within each candidate stock
assessment area (from (1)), to provide poststrata for estimating
species catch.

3) Comparison of estimates of catch by species, and variance of catch,
for several stock assessment configurations and poststratifications
(from (1)-(2), plus current).
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