






































SBT aerial survey

observers’ sighting rates directly, by using each flight as a replicate and comparing the number of sightings
made by each observer.

Assuming that potentially-sightable surface schools are equally likely to fall on the left or right of the track,
and that observer ¢ on flight ¢ has probability p;0; of actually seeing a school that’s present (6; being an
unknown that reflects sighting conditions and average local abundance along flightpath ¢, affecting ¢ and j
to the same extent), then the distribution of number of patches N;; seen by i as opposed to j on flight ¢ is
conditionally Binomial, with )

3
Di +Dj

E [Nit|Nit + Njr = ng] = ny

The observer effects can be estimated (relative to a nominal level) by a binomial GLM with a logit link and
appropriate contrast matrix of +1 and 0’s, with each “observation” corresponding to a particular pair of
observers and consisting of aggregated counts across all the flights shared by that pair.

This model is somewhat approximate, because sighting conditions do depend on glare angle and thus on
whether an observer is looking east or west; although the observers’ positions are reversed on the homecoming
leg, the sun angle will have changed (slightly) and the return flight path is along a different (but nearby)
transect. A more serious concern is the possibility of poaching. If observer i tends to see sightings further
way, and poaches sightings on j’s side as well as his own, then ¢ will appear to have a much higher sighting
rate than j because all recording stops as soon as a sighting is first logged. There is no way to tell whether j
would eventually have seen the sighting anyway, which is the relevant statistic. The extent of poaching (though
not its impact) can be examined by checking whether sightings are consistently recorded on the same side as
the observer who should have recorded them. Overall, about 25% of sightings are poached, and preliminary
analysis suggests that some observers are more active poachers than others; this issue is being studied further.

An increased sighting rate for one observer, might simply mean that the observer is allocating the same number
of patches to more sightings with fewer patches per sighting (a sighting-classification effect). A rough check
for this, is to repeat the direct calibration with number of sightings replaced by number of patches. Doing
this does not result in any drastically obvious changes in estimated effects if this is done, suggesting that any
sighting-classification effects are minor.

Approximate indirect calibration of observer effects is also possible, by including observer as a covariate in the
sighting rate models below. If spotter ¢ and pilot j were both present and not poaching the other’s sightings,
then the total sighting rate will be the sum of the sighting rate on i’s side and on j’s side. Including terms for
"observer ¢ present" and "observer j present" in a sighting rate model allows observer effects to be estimated
indirectly. In fact, this model doesn’t make sense in detail, because the expected number seen depends on
the sum of the observer effects whereas the sighting rate model is essentially multiplicative. However, it can
be shown that the model is approximately reasonable provided that the probability of missing a potential
sightings is small. In theory, poaching could be checked for by studying the indirect calibration data in detail;
if heavy poaching is the norm, then the combination of a good observer and a poor observer ought to see about
the same number of sightings as two good observers together.

In fact, direct and indirect calibrations give broadly similar results (Table 4; all estimates are relative to one
reference observer with effect 1, not shown; each column represents a different observer). The four trainee
spotters occupy the rightmost columns. Bootstrap CVs for the indirect calibration estimates (not shown)
are higher than for direct calibration, ranging from around 20% in the best case to essentially incalculable
for two of the trainees. Although CVs are high even for some of the direct calibrations, it is notable that
the range of estimated effects is similar under the two models. If poaching was very serious, then the direct
calibration ought to overestimate differences between observers. In the sighting rate analyses below, I used
the directly-calibrated estimates to standardize the effort, under an assumption of no poaching.

Teffect | 0.85 091 1.12 0.76 099 039 0.36 0.11 0.06
D effect | 0.69 0.67 0.76 0.77 0.82 | 0.13 0.15 0.26 0.43
CV% 48 19 11 15 10 67 60 38 52

Table 4: Observer effects on sighting rate: direct and indirect calibration
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Nevertheless, the really important result from Table 4 is that sighting-rate differences between observers—
even experienced observers— are potentially very large.

Potential gain in precision As with the BpP and PpS models, I used a bootstrap to assess the potential
improvement in CV for the SpM model if better information on the effects of environmental covariates and
observers could be obtained. Results suggest that the CV of the estimated year effects on sighting rate could
drop by 3-5 percentage points for an average year, out of a current average CV of 22%.

3 Discussion

Despite the many concerns that have been raised over the years, the SBT GAB aerial survey still seems to
show promise for construction of a recruitment index. The CVs on annual estimates are not particularly high
by the standards of fisheries data, and could be brought down further. With longer time series and/or better
data from outside the survey itself on enviromental and observer effects, the CV of each annual estimate could
be reduced from over 35% to less than 30%. In fact, the best obtainable CV could be rather lower than this,
because the models in this study are underfitted and thus leave more residual variance in the data than is
required; there is evidence that including terms to reflect within-year movements, or differences in timing of
movements between years, would significantly improve the fits. Such models are too complicated to consider
here, and require very careful application if overfitting and implausible results are to be avoided: see under
Commercial Data, below.

The problems of interpretation and index construction for the SBT GAB survey seem no worse than those
encountered with CPUE standardization— something that is standard practice, albeit as a necessary evil,
in many stock assessments— and much better in many ways because the experimental design cuts down the
extent of confounding between covariates. The major remaining issue, though, is observer effects. If these
can’t be reliably calibrated (or expect to be reliably calibrated at some point in the future), then there would
be no sense in continuing aerial surveys. Proper calibration and control of protocols would also improve the
potential of the historical data for producing recruitment indices— something that is presumably still relevant
to stock assessment, given the long lifespan of SBT. The issue of how to use indices in assessment is very
important in considering how and whether to continue with aerial surveys GAB, and is revisited at the end of
this discussion.

3.1 Collection of other experimental data

Some of the uncertainty in aerial survey indices arises because of the effects of uncontrollable environmental
covariates such as SST. While it is possible to estimate these effects indirectly through the types of models
in this report, it is definitely preferable if such effects can be fixed in advance. Technologies such as archival
tagging offer the potential to do exactly this.

Of even greater importance is the role of covariates such as depth, which might in principle affect sightability as
well as distribution. Faced with a dataset like the aerial survey, and noticing that depth is related to observed
local abundance, it is possible to estimate a depth effect empirically. As long as the spatial distribution of SBT
remains much the same, this estimated depth effect can be helpful in producing standardized indices. But if
the distribution moves further offshore in one year, there is no way to tell whether there is really a different
abundance or just a different surfacing rate. Basic biological information is required.

From the statistician’s point of view, it would be helpful to get a biologist’s input on how each component
of sightability is likely to be affected by a known important covariate such as SST. Various possibilities can
be conceived: higher temperatures may affect patch size because each patch is a transient made up of fish
moving up from a “deep school”, or may affect number of patches because fish “decide” en masse to make
an excursion to shallower depths, or may affect sighting rate if entire large schools simply stay deep in cool
conditions. Having an idea of not just the aggregate effect, but also the effect on particular components, make
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the analytical task much easier. Studies that concentrate on school visibility as well as individual visibility
would be particularly informative.

There may also be scope for further experimental data related to observer’s sightability, as reported in Cowling
(2000). Opportunities might be sought out to integrate such studies with reports from commercial spotting
data.

3.2 Role of commercial data

Commercial data offers two obvious possibilities for integration with future aerial surveys, the first being
through calibration of patch size measurements. The second possibility is that estimation of the effects of
environmental “nuisance” parameters on sightability may be possible, because commercial data will have huge
numbers of sightings compared to transect data. However, differences in protocol between commercial and
survey, and across different commercial operations, might make it difficult to apply the results with confidence
to aerial survey data.

There are other more subtle ways in which commercial data may be useful. When choosing between several
possible model-based analyses, it is important to have some notion of spatial scale, and the way in which
spatial distribution changes over a season. Although it is possible in principle to estimate this from survey
flights alone, it is really asking too much of a small number of sightings. Commercial data, with its dense
coverage of certain areas, gives a much better picture of spatial scale and variation, could be a very useful tool
in guiding appropriate model selection for survey data.

3.3 Historical protocol/ability changes

The value of a time series of estimates depends entirely on there being some consistency in measurement. In
terms of the 3-stage decomposition of the data used here, it is difficult to imagine that PpS and SpM are
problematic; although there may be changes in how patches have been grouped into sightings, the important
statistic overall is the count of patches per mile, which should not be vulnerable to "observer drift". Changes
in individual spotting ability over time are a possible concern, especially when relatively inexperienced spotters
are used; more sophisticated direct calibration models could be employed to study this.

An individual’s way of estimating individual patch biomasses, on the other hand, may conceivably change over
time. The BpP model in Figure 2 shows a fairly steady and strongly significant time trend in BpP, but without
further insight it is impossible to say whether this is an artefact of observer drift (though this would have to
apply to several observers together), or a real biological phenomenon. Since the inclusion or exclusion of this
trend would have a substantial impact on any time series, further consideration should be given to whether
this can be resolved, from commercial data or biological considerations. Since observers normally work for
industry and must endeavour to provide patch biomass estimates where possible, one might be tempted to
assume that there is some consistent basis in reality for their estimates.

One complication alluded to in Cowling (2001), is that there may also have been changes over time in the
way certain covariates are measured, e.g. sea swell. Where possible, it would be desirable to replace such
covariates with objectively-measured proxies (e.g. satellite data or weather predictions), even if the proxies
are less strongly linked to tuna behaviour.

3.4 Importance of direct calibration and protocol control

The comparison of direct vs indirect calibrations for BpP and SpM, showed that direct calibration is more
effective, both for obtaining more precise estimates of observer effects, and for avoiding disruption of e.g. year
effects that are largely confounded with observer effects. The main source of uncertainty in an uncalibrated
aerial survey would certainly be differences between observer’s sighting rates, with second place probably going
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to differences between patch biomass estimates. It is fair to say that any future aerial survey which did not
make plans for some kind of calibration (possibly in the future, to allow retrospective adjustments), would not
be worth doing.

The reason that some kind of direct calibration has been possible in this report, is that the historical protocol
has ensured some replication; two measurements of the same patch, and two sets of observations along the same
flight path. The decision in 1999 and 2000 not to record two estimates for each patch, prevented calibration
of the trainee spotters. Also, the limited crossovers between some subsets of experienced observers mean that
some of the direct calibrations for sighting rate are quite uncertain.

Logistics aside, the best way to do calibration is to ensure that some flights carry two experienced observers,
who do not collude or poach each others’s sightings. Some modifications in protocol might be considered, such
as noting all observations of a “school” but not communicating the information to the other observer until the
perpendicular waypoint is reached (so that the data records whether both observers really did see the school
independently). Of course, not every flight needs to follow a calibration protocol; once the effects of observer
X have been estimated to reasonable precision, it would be safe to take estimates from observer X alone for a
few seasons.

3.5 Scope for changed survey design

The 2002 survey covered a restricted part of the historical survey area, between about 132.5°E and 134°E.
Based on the models in this report, about 95% of SBT biomass in the GAB lies within this region. This
suggests that a survey based on this limited set of transects might provide almost as effective an index of
total abundance, as a GAB-wide survey. In fact, if the reduced spatial extent made more time available for
surveying this higher-density region, the improved CV due to better information on sighting rate etc. might
well be worth the slight uncertainty introduced about what animals may have been outside the range. If a
model-based analysis is planned, it is even possible to consider a fairly radical change, such as running some
transects east-to-west or along a depth contour. This might permit concentration of effort in areas of high
abundance, where it is of greatest importance to reduce estimation uncertainty.

However, surveys that cover only part of the distributional range are vulnerable to changes in year-to-year
distribution. The nightmare scenario for an analyst is to find a clump of high abundance on the edge of a
surveyed region, because then doubts are raised as to how much biomass was cut off by the artificial boundary.
It has not yet been possible to check what effect historical shifts in distribution would have had on a reduced-
width survey indices compared with the full-width indices, although the calculations are fairly straightforward
in principle.

Cowling (2001b) suggests a much more radical change in protocol, to a presence/absence survey that does
not attempt to estimate biomass (or species) of patches encountered. She gives three main reasons: concerns
about observer drift make it difficult to interpret indices which involve subjective estimates of biomass; the
introduction of “biomass multipliers” into an annual index will inevitably increase the uncertainty; and time
spent estimating patch biomass detracts from time available to search for patches, with patch density being a
more important source of uncertainty than patch biomass.

Despite the attractions, this policy would carry some serious risks. Although CV might be reduced on paper,
the reality would be that genuine uncertainty has simply been moved rather than removed: out of the numerical
end of the problem, and into the interpretational end. It is not obvious how a P/A index would change as
tuna recruitment changes; certainly, there is no reason to believe that the index will change proportionately
if the changes in recruiment are large. In particular, if recruitment increases, a P/A index may “saturate”,
so that tuna will always be seen somewhere in each part-line within the core distributional area. Subsequent
increases in recruitment would then not show up as increases in the index.

Even if P/A index did eventually prove to be proportional on average to recruitment over a wide range of
recruitment, there could still be important year-to-year variability in the extent to which the tuna are spatially
concentrated. The BpP analysis in this report shows that there may, at least, be quite major changes on the
scale of individual patches, so that substantial changes in concentration over time are at least plausible.
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Getting the index “right on average” over the long term is not enough for stock assessment, where estimates
of individual year-class effects are important. The key driver for any survey index that is destined for stock
assessment, is that the index should be as far as possible linearly proportional to abundance; variability is a
secondary consideration.

For these reasons, if the aerial survey does continue, it seems imperative to keep to the basic protocol of
estimating biomass as well as counting patches. Again, every effort should be made to directly calibrate
estimates of patch biomass, both amongst observers but also between observers and the commercial fishery.

3.6 Role in assessment and management

Recruitment estimates are helpful to stock assessment and management in two main ways: by producing an
annual index of cohort strength, and by allowing for detection of long-term trends in stock. The utility as far
as the long term index is concerned, can be studied by roughly calculating what level of change in recruitment
over a 5-year block would be detectable with surveys of varying precision. SBT reputedly has comparatively
stable recruitments compared to many fish species (the median across species being about 70%), so for the
sake of argument assume that genuine CV of recruitment is 40%. Even with a perfect survey (no uncertainty),
the mean recruitment over successive 5-year blocks would then fluctuate randomly with a CV of around 18%;
this means that a real shift of 35% in long-term mean recruitment over 5-10 years would be on the margins of
statistical significance. If the survey itself has a CV of 30%, then the 5-year mean will have a CV of around
22% (only slightly higher than with a perfect survey), so it would require about a 50% change in long-term
mean recruitment over 5-10 years to achieve marginal significance. These guidelines need to be borne in mind
when assessing whether year effects are “significant”; the power of any test to detect significant changes in
recruitment is low unless the changes are quite drastic. The corollary is that statistical significance is often an
inadequate guide as to whether managers should take action.

It is more complicated to consider how well cohort strength can be estimated from a given survey, because
the SBT survey is an aggregate across three main age classes. A statistical approach can be developed, based
on estimating the least variable sequence of cohort strengths that is consistent with the available indices and
their standard errors. Assuming that the proportion 7, of z-year-olds entering the GAB is the same for all
years (but not necessarily for all ), then the model is fully-estimable in principle, but it is unclear how precise
the estimates will be in practice. Some simulation work would be needed here. Additional information, such
as archival tag information on m,, would certainly be helpful to estimation of cohort effects.

A key issue for the utility of any GAB-based index, is how many fish simply don’t go to the GAB. Hypothetical
movements into the Indian Ocean from western Australia, could take a significant proportion of the total
population out of the range of any GAB survey. If this proportion varies substantially across years, then the
relevance of a GAB-based index to management is questionable. Basic biological information on the likelihood
of this scenario would be invaluable, though for fairly obvious reasons it would be hard to collect.

Finally, the utility of a survey-based recruitment index, needs to be weighed up against the cost and the
impact the index would have on management. This in turn depends on the quality of alternative data sources.
It is certainly well beyond the scope of this report to discuss these issues, but it would be valuable to have
discussion about e.g. the potential role of CPUE data and of juvenile tag returns, compared to any added
value from an aerial survey index.
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