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164 /Estimation of Paramaters

tuna (Thunnus albacares) in the western Pacific by the South Pacific Con
mission estimated that it would cost $5,000 for every yellowfin tag that wi
be returned to the tagging agency.

Tagging studies are used to estimate abundance, survival, movemen, ad
fishing mortality, and there are many books that deal with analysis of g
ging data in great detail (Seber 1982, Bumham et al., 1987). Therc ar,
number of important considerations in tagging studies that we wish to revies
here. First consider program design: the key elements of tagging progran
are tagging of fish and recovery of tags. Most fisheries tagging programs
rely on commercial fishermen’s catch and return of tagged fish. Mog u
ging programs concentrate most of their resources on tagging farge numbe
of fish, and tend to neglect the tag recovery end of the project; putting ug
on fish is fun and somewhat glamorous, whereas groveling around on docks,
trying to determine if fishermen are missing tags, or throwing them away,
is dirty undesirable work. The design of any tagging study should considy
the appropriate ailocation between releasing more tags, understanding fid
ing mortality or effort distribution, and tag recovery effort.

If we examine how tagging data are structured and analyzed, we can w
derstand better how to design tagging studies, and what can be inferred froa
them. Assume a simple discrete model of tag dynamics, where fish are .
leased on one occasion, and then go through three annual stages of (1) fist
ing mortality, (2) natural mortality, and (3) tag shedding. As in the pop
lation dynamics models, we could also describe these dynamics witha
differential equation assuming all three processes take place continuous
Let us define the following terms:

is the ber of tags released
, is the number of tagged fish alive at time ¢
is the annual survival ratc {rom natural mortality
is the proportion of fish dying immediatcly after tagging (“instantaneous”
tagging mortality)
is the tag reporting raic
is the tag shedding ratc
is the tags caught and returned ai time ¢
is the proportion harvested at time ¢

>

R«

Soew

Given these defmitions, the following relationships hold:

A =Rl - a)

C,=AUPB

A=A_(-U_)s(l -y $.20
A, = R(I — a)l(1 = V)s(1 = )"

The last equation drops the ¢ subscript for U indicating a constant fish4f

Observing Fish Population/165

alphas.§

alphas.

gammas.2
beta=.5

gammas=.1{

Log of tags returned

beta=.3

Time

Figwe 5.1, Expected tag retumn patterns for differeni parameters of the tagging
model.

harvest rate [otherwise we would replace (1 — U) with a product of ¢ — |
kms, outside the brackets]. The knowns in tagging studies are usually the
rekeases R and the tag returns C,. Ideally we would like to estimate the
fiuhing mortality, survival, tag shedding, tagging mortality, and tag report-
g rates. Given constant fishing mortality rates, the number of tags returned
over time will be an exponential decay, generating a straight line when the
bgarithm of returns is plotted. If we examine how changes in paramelters
dllect the expected return of tags (Figure 5.1) we see some distinct patterns
emerge.

Note that three parameters R, B, and a all have the affect of raising or
lowering the line, but do not affect its slope. Examination of Equation 5.2.1
shows that these three parameters always enter the C, prediction together in
exactly the same way. Since we normally know R, we can therefore estimate
It - @) B, but we cannot separate the two parameters. Figure S.1 shows
%t 5 and y also have exactly the same effect, that is to change the slope.
This says we cannot tell from catches alone whether the fish are dying, or
umply losing tags each year.

Finally, note that the fishing mortality rate changes both the slope and the
Riercept of the line. Fishing mortality rate is, in principle, estimable sep-
xuely from the other two groups of parameters. In effect, a tagging study
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