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- A) statistical analysis of a tagger effect and other explanatory 

variables that were hypothesized a priori to influence tag loss, 

- B) comparison between a constant-rate shedding model and a 

time-varying shedding model 

- C) attempt to account directly for a tagger effect on parameter 

estimates in the conventional tag-shedding approach

Data set:

Double tagging experiments conducted on board baitboat since january

15th 2006 (i.e., RTTP cruise number >= 607)

Only fish with a good condition reliability at release (i.e., “good”, coded 

as 1) and clearly identified as the same species at release and at 

recovery  

This reduced to a total of 26,899 double-tagged tuna released, 4,555 

recovered so far including 329 having lost one of their tags.



Statistical analysis of a tagger effect and other 

explanatory variables that were hypothesized a 

priori to influence tag loss,
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Response variable = proportion of double tagged fish recovered with only 

one tag 

Candidate explanatory variables:

species S (yellowfin, bigeye, skipjack), 

tagger identification T, 

cruise identification C, 

experience E, gained by each tagger over the tagging program period

(expressed as the cumulative total number of simple and double tags 

previously released by tagger T at the beginning of the cruise C).

To account for variability in proportions of fish recovered and to avoid bias in 

tag-shedding estimates due to a potential tagger effect when data are 

pooled by tagger, recoveries were pooled by batch (i.e., at a tagger and 

cruise level), as suggested by Hearn et. al. (1991), However, to avoid 

extreme variability in shedding rate due low sample size, batches with less 

than 10 recoveries were omitted
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Owing to the clustered structure of the data it makes sense to assume 

that the rate of tag loss y has extra-binomial variation. One way to 

account for over-dispersion in proportions is to use a more general 

probability model than the binomial such as the beta-binomial. 

The Beta-binomial model

After including the mean μ and the precision parameter Φ in the conventional 

form, the beta density can be expressed as:

0 < y < 1

with 0 < µ < 1 and Φ > 0  (Ferrari and Cribari-Neto, 2004). A beta-distributed 

variable y has mean E(y) = µ and variance VAR(y) = µ (1- µ) / (1 + ø).

Let y1, …., yn be a random sample such that yi ~ B(µi,Φ), i = 1,…,n. 

The beta regression model is defined as : g(µi) = β1 xi1 +…+ βk xik , where β is a 

vector of unknown coefficient and x the vector of the k explanatory variables.

In addition if the precision parameter is assumed to be not constant for all 

observations (i.e., yi ~ B(µi, øi ) ) it can be modeled in a similar fashion as the 

mean parameter, that is to say: g(øi) = γ1 zi1 +…+ γk zik .
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where n = number of observations, K = number of )(log/ˆ,ˆlog2 nKdataLBIC

dataL /ˆ,ˆ = value of the maximized log-likelihood over theparameters of the model,

unknown parameters, given the data and the model.
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Tagger effect not supported by the data
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Comparison between a constant-rate shedding 

model and a time-varying shedding model

Main assumption: shedding of the first and second tags occur independently

at the same rate (Kirkwood, 1981; Wetherall, 1982; Kirkwood and Walker, 1984) .

A simple analysis of the proportion of tags lost over time can be conducted as:

with nds and ndd = numbers of recoveries of originally 

double tagged fish retaining one (ds) or two tags (dd), 

but due to the low sample size for some 

classes of time at liberty the proportion 

of tags lost may be biased. It seems 

more appropriate to model this process 

with individual time at liberty. 

respectively, and t time at the middle of the k th time period since release 

(Chapman et al, 1965).
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Thus, for modelling the proportion of tags lost:

with individual time at liberty, different models have been proposed to 

express the probability Q t of a tag being retained at time t after release e.g.:

model A: a constant-rate shedding model

(Hampton, 1997; Adam and Kirkwood, 2001),

model B: a time-varying shedding model

(Kirkwood, 1981; Hampton and Kirkwood, 1989)

α = type-1 retention probability (i.e., 1 - immediate type_1 shedding rate), 

L = continuous type-2 shedding rate, 

λ and β = gamma parameters of L allowing a time-varying shedding rate
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Under the assumption that all tags not immediately shed have 

independent and identical probabilities, the probabilities of 2, 1 and 

no tags being retained at time t after release are, respectively:

Since identifiable recaptures consist only of fish retaining either one tag or 

two tags, conditional on retention of at least one tag, the probability of 

capturing a fish retaining 2 tags at time t is:

and retaining only one tag at time t is:

Estimates of the model parameters are obtained by minimizing the negative 

log-likelihood of the data conditional on recapture times:
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Even if a tagger effect was not evidenced, taggers with less than 

200 double tags released depicted larger variability in terms of 

one tag loss rate than experienced taggers, consequently an 

arbitrary threshold of 200 releases by tagger was chosen to avoid 

the presence of unusual values
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B Attempt to account directly for a tagger effect on parameter estimates 

in the conventional tag-shedding approach

To reinforce the analysis of the potential tagger bias on the proportion 

of one-tag recoveries among the double tagged fish with a beta-

binomial model we included directly this assumption in the shedding 

rate model in the same way as conducted on a cruise effect in a 

previous study (Gaertner and Hallier, 2009). 

model A0 base case model;

model A1 type-1 shedding rate (i.e., α) varies 

by tagger i;

model A2 type-2 shedding rate (i.e., L) varies

by tagger i.
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Same conclusion, as for the analysis conducted on the potential

difference in total tag loss between taggers with a Beta-binomial

model, there were no evidence of a tagger-varying type-1 shedding

and tagger-varying type-2 shedding effects
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General conclusions

Results in agreement with other studies; tag shedding is relatively low

for tropical tunas
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Thanks for your attention

Larger values of shedding rate observed for YFT, but only 20% of tag loss

after 5 years at sea


