INTRODUCTION
Butterworth et al. (1999) present estimates of trends in
recruitment (strictly 2 year olds, given the three-year, three-age
grouping system for catch-at-age data which they consider) for
minke whales in Areas IV and V of the Antarctic2, based upon the
joint analysis of catch-at-age and survey abundance data. Their
base-case estimator for Area IV reflects an increasing trend in
recruitment of 5.5% per annum over the 1947-68 period. A further
feature of their results is the marked drop in recruitment indicated
from 1970 to the mid-1980s.
Butterworth et al. (1999) comment that this increasing trend in
recruitment relates to the matter of a range of plausible values for
MSY rate (MSYR3) for minke whales, which is a key input to the
Revised Management Procedure Implementation Simulation
Trials4 (IWC, 1993; 1994; 1995), and suggest that the trend may
reflect an increase in carrying capacity for minke whales linked,
perhaps, to the concurrent heavy depletion of populations of large
baleen whales in the Southern Ocean. They further speculate that
a possible explanation for the subsequent drop in recruitment after
1970 might be the phenomenon of super-compensation (Holt,
1985; Butterworth and Best, 1990). This is a reduction in the
absolute recruitment level as a population nears its carrying
capacity, as illustrated, for example, in the stock-recruitment plots
of Fig. 1 for MSYRmat values of 4% or greater.
This paper presents an initial quantitative examination of these
suppositions by fitting a modified version of the BALEEN II
population model (de la Mare, 1989; Punt, 1996) to the time series
of recruitment estimates from two of

the Area IV minke whale ADAPT VP A assessments of
Butterworth et al. (1999). These fits are based on maximising a
likelihood function. A variety of alternative parametrizations of
the time-dependence in carrying capacity are examined. The
primary purposes are to draw inferences about the possible value
of MSYR, and to ascertain whether the combined effects of
catches (which effectively commenced in 1970, and contribute to
a reduction in recruitment through the removal of some adult
females) and super-compensation are alone sufficient to explain
the post-1970 recruitment trends evident in the results of the
ADAPT VPA analyses.
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The results of this exercise are reported in Table 4a and also
shown in Fig. 3. The choice y3 = 1980 reflects a marginally better
fit. However y3 = 1990 seems biologically more realistic.
Although difficult to establish any direct cause-effect relationship,
it is not inconceivable that the carrying capacity for minke whales
might have been decreasing over more recent decades, perhaps
reflecting some combination of partial recovery of the larger
baleen whale populations under protection, increases in other,
possibly competing, predators (such as crabeater seals) or

changes in the physical environment (IWC, 1997); but if so, a
longer period for this decrease would seem more likely than this
process having co e to a halt as early as 1980.
Results in Table 4a for the base-case ADAPT VPA assessment
indicate that a drop of about 50% in K for minke whales since
1960 is necessary for the modified BALEEN II model to provide
a satisfactory fit to the ADAPT recruitment trends. However, for
the ADAPT variant for which absolute abundance estimates input
are doubled, hardly any post-1960 change in K is necessary to
provide a reasonable
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fit (see Table 4b and Fig. 3). The results in Table 4 are reflective
of MSYRmat estimates in the region of 10-14% (corresponding to
MSYR,+ of about 5-6%).

CONCLUSIONS
The most surprising result of what was conceived as no more than
an exploratory exercise, is its substantial success as reflected by
the good fits shown in Fig. 3, which are based only on relatively
simple trends assumed for K. The base-case ADAPT VPA
assessment results do require some downward trend in K in recent
years to be fit adequately by the modified BALEEN II model, but
the need for this adjustment is diminished if the quite plausible
assumption of some negative bias in the IWC survey abundance
estimates is admitted.
.
Thus, it seems that the post-1970 recruitment trends as
estimated by the ADAPT VPA can largely (perhaps completely)
be attributed to the effects of catches and super-compensation, and
also that inferences can be drawn from these trends about likely
values of MSYR.
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