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Method
Let Nay be the true abundance in the a-th survey block in the
year y, and let N̂ay

(P) and N̂ay
(C) denote estimates of Nay

obtained from passing-mode and closing-mode surveys
respectively. If abundance estimates in different blocks or
years include common parameters such as effective search
half-width, then any two of them are correlated, and the
method following takes this into account. It is assumed that
the abundance estimates are multivariate normally
distributed as follows: 

where the vectors of survey error terms, e (P) = (..., e ay
(P), ...)A

and e (C) = (..., e ay
(C), ...)A have multivariate normal

distributions N(0,Ŝ(P)) and N(0,Ŝ(C), respectively. The
variance-covariance matrices Ŝ(P) and Ŝ(C) are estimated
using standard line transect methods. It is assumed that the
true abundance level varies randomly as 

where ma is a mean block-specific log-abundance for the
middle year for the period for which data are available, and

ra is a random effect accounting for inter-annual changes in
the distribution of the whale population in the surveyed area.
The random effect is assumed to be independent and
identically distributed according to the normal distribution
N(0, s 2

A). Let m = (m1, ..., mA) be a vector of the block effects.
Then, the unbiased estimator for m given s 2

A is derived from

where X is a design matrix, y is the vector of the abundance
estimates, and V(s 2

A) = s 2
AI + Ŝ. The additional variance s 2

A

is estimated by the REML method (McCulloch and Searle,
2001; Pawitan, 2001; Punt et al., 1997; Skaug et al., 2004),
which maximise 

The confidence interval for s 2
A can be calculated using the

profile of the function above. Once s 2
A is estimated, then the

estimate m̂ = m(ŝ 2
A) becomes available. At the same time, the

covariance matrix of b̂ = b(ŝ 2
A) can be evaluated as 
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The estimation of abundance in areas defined as
FGH=F+G+H, IJK=I+J+K and LM=L+M (see Fig. 1) is
now considered. For this purpose, option (a) in
SC/O05/BWI6, where block K is included, is used. The
abundance in each area is estimated by 

and its variance by 

The block-effects ma are estimated under the assumption that
Ra is common across all blocks a.

Fig. 1. Survey blocks defined for 1998-2002 surveys.

Results
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