
Frequencies of J-stock haplotypes also changed over
time in markets of both countries, perhaps indicting
serial depletion of coastal stocks. These findings are
incompatible with the assumption that bycatch in either
country is derived from a single coastal stock.
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Appendix 10

NORTH PACIFIC MINKE WHALE IMPLEMENTATION SIMULATION TRIAL SPECIFICATIONS

A. Basic concepts and stock structure
The objective of these trials is to examine the performance of
the RMP in scenarios that relate to the actual problem of
managing a likely fishery for minke whales in the North
Pacific. The trials attempt to bound the range of plausible
hypotheses regarding the number of minke whale stocks in
the North Pacific, how they feed (by sex and age) and recruit
and how surveys index them. The underlying dynamics
model is age- and sex-structured and allows for multiple
stocks. Allowance is made for possible dispersal (permanent
transfer of animals between stocks).

The region to be managed (the western North Pacific) is
divided into 18 sub-areas (see Fig. 1). Future surveys are
unlikely to cover sub-areas 1, 2, 3, 4, 5, 6, 9N, 10 and 13 (see
Table 1) so for these trials, these sub-areas are taken to be
Residual Areas (although allowance is made for future
incidental catches from some of these sub-areas – see section
D). The term ‘stock’ refers to a group of whales from the
same breeding ground. The model assumes there is a ‘J’
stock (‘home’ area 2 Sea of Japan and perhaps also the
Yellow Sea and East China Sea) and considers three classes
of hypothesis in regard to the stock(s) whose ‘home’ area is
to the east of Japan:

(1) those based on the results of hypothesis testing, which
primarily imply the possibility of some ‘W’ stock
animals in sub-area 91 but no additional stock structure
(‘J’ stock apart) to the east of Japan (henceforth referred
to as ‘3 stocks with 2 in sub-area 9’);

(2) those based on the results of the boundary rank method,
which suggest that there are three stocks (‘OW’, ‘OE’ and
‘W’) in addition to the ‘J’ stock to the east of Japan
(henceforth referred to as ‘4 stocks’); and

(3) those based on two stocks to the east of Japan (excluding
the ‘J’ stock), which allow mixing of these stocks across
most of sub-areas 7-9 during April-September
(henceforth referred to as ‘3 stocks with mixing
gradient’). Four baseline trials are considered to account for patterns

observed in the results from the genetic analyses. The four
‘baseline’ trials and their key features are:

Baseline-A: ‘W’ stock in sub-area 9 each year with 60%
probability. In a year when the ‘W’ stock is in sub-area 9,
50% of the animals in sub-area 9W are from the ‘W’ stock

1 Some of the sub-areas identified in earlier versions of these trials have
since been sub-divided. For ease of presentation, the original sub-areas
(e.g. 9) have been retained in some of the specifications and refer to all
of their sub-components (e.g. 9W, 9E and 9N in the case of sub-area
9).

Fig. 1. The 18 sub-areas used for the Implementation Simulation Trials
for North Pacific minke whales (Note: sub-area 9N is only used in
Baseline D).
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(see section F(e)). The fraction of 1+ non-‘J’ stock animals
in sub-area 12 in August-September in a pristine state that
are from the ‘W’ stock is determined from the relative
abundance of such animals in sub-areas 7, 8, 9W and 9E at
that time (see section F(d)). As a sensitivity test to allow for
the concern that sample sizes may have been too small for
genetic tests to distinguish further stock structure, a trial is to
be conducted for this scenario which includes some ‘W’
stock animals in sub-area 8 (sensitivity trial 14: in years
when the ‘W’ stock is in sub-area 9, 25% of the animals in
sub-area 8 are from the ‘W’ stock 2 see section F(i)). 

Baseline-B: A 2-stock trial (no ‘W’ stock) reflects a limiting
case of the Baseline A trial with no ‘W’ stock whales present
in sub-areas 8, 9 or 12. 

Baseline-C: A 4 stock model of which three non-‘J’ stocks
(‘OW’, ‘OE’ and ‘W’) occur to the east of Japan. The
divisions between the ‘OW’ and ‘OE’ and ‘W’ stocks occur at
147°E and 157°E respectively. These boundaries are ‘hard’
(no mixing across them). The fraction of 1+ non-‘J’ stock
animals in sub-area 12 in August-September in a pristine
state that are from the ‘W’ stock is determined from the
relative abundance of such animals in sub-areas 7, 8, 9W and
9E at that time (see section F(d)). Variants of this hypothesis
first place the ‘OW’/‘OE’ boundary at 153°E (see sensitivity
trial 17), then allow ‘OW’ and ‘OE’ mixing between 1470E
and 153°E (sensitivity trial 18), further allow intrusion of the
‘OE’ stock into sub-area 9E (sensitivity trial 19), and finally
allow for some mixing of the ‘OW’ and ‘OE’ stocks
throughout sub-areas 7 and 8 (sensitivity trial 20).

Baseline-D: 2 stocks (‘O’ and ‘W’) to the east of Japan that
mix across the area 147°E to 162°E. The highest densities of
‘O’ stock animals occur in sub-area 7W and decline to the
east, while the highest densities of ‘W’ stock animals occur
in sub-area 9E and decline to the west. This Baseline
assumes an additional sub-area, 9N, (see Fig. 1) which is
defined by a line of latitude at 52°N, this being the
northernmost point of any strata used for survey abundance
estimates in sub-areas 9W and 9E. The relative proportion of
the ‘W’ and ‘O’ stock animals in sub-areas 12SW+12NE and
9N is computed using the same model which provides the
relative proportion of ‘W’ and ‘O’ animals in sub-areas 7W,
7E, 8W, 8E, 9W and 9E. Further details of this hypothesis
are given in Smith (2003).

B. Basic dynamics
Further details of the underlying age-structured model and
its parameters can be found in IWC (1991, p.112), except
that the model has been extended to take sex-structure and
dispersal into account. The 1+ population of a stock is
governed by Equations B.1(a) for the ‘J’ stock for which
there is no dispersal (permanent movement between stocks)
and by Equations B.1(b) for the ‘O’ and ‘W’ stocks (‘OW’
and ‘OE’ stocks for the ‘4 stocks’ case).

(B.1a)

(B.1b)

Rm / f,s
t,a is the number of recruited males/females of age a in

stock s at the start of year t;
Um / f,s

t,a is the number of unrecruited males/females of age a
in stock s at the start of year t;

da is the fraction of unrecruited animals of age a-1
which recruit at age a (assumed to be independent of
stock and sex);

x is the maximum (lumped) age-class (all animals in
this and the x-1 class are assumed to be recruited and
to have reached the age of first parturition);

R̃m / f,s
t,a is the number of recruited males/females of age a in

stock s at the start of year t that survive to the end of
the year:

(B.1c)

Ũm / f,s
t,a is the number of unrecruited males/females of age a

in stock s at the start of year t that survive to the end
of the year:

Ũm / f,s
t,a = Um/f,s

t,a Sa (B.1d)

Sa is the instantaneous survival rate for animals of age a,
and is equal to exp(-Ma) where Ma is the
instantaneous natural mortality rate for animals of
age a (assumed to be independent of stock, sex and
whether or not an animal is recruited);

Cm / f,s
t,a is the catch of males/females of age a from stock s

during year t; and
Ds,sA is the dispersal rate (i.e. the probability of an animal

moving permanently) from stock s to sA.

Note that year t = 0, for which catch limits might first be set,
corresponds to 2000.

For computational ease, the numbers-at-age and by sex
are updated at the end of each year only, even though
catching is assumed to occur from April to September. This
simplification is unlikely to affect the results substantially
for two reasons: (1) catches are at most only a few percent of
the size of the recruited stock; and (2) sightings survey
estimates are subject to high variability so that the resultant
slight positive bias in abundance estimates is almost
certainly inconsequential.

C. Births
Density-dependence is assumed to act on the female
component of the mature population. The convention of
referring to the mature population is used here, although this
actually refers to animals that have reached the age of first
parturition.

(C.1)
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Bs is the average number of live births (both sexes) per
year for mature females in stock s in the pristine
population;

As is the resilience parameter for stock s;
zs is the degree of compensation for stock s;
N f,s

t is the number of mature females in stock s at the start of
year t:

(C.2)

a0 is the proportion of animals of age 0 which are recruited
(assumed to be zero for this case);

ba is the proportion of females of age a which are mature
(assumed to be independent of stock, year and whether
or not an animal is recruited); and

K f,s is the number of mature females in stock s in the
pristine (pre-exploitation, denoted by t = -H)
population:

(C.3)

The values for the parameters As and zs for each stock are
calculated from pre-specified values for MSYLs and MSYRs

as detailed in IWC (1991, p.112). Their calculation ignores
the impact of dispersal and assumes harvesting equal
proportions of males and females.

D. Catches
The operating model considers two sources for non-natural
mortality (incidental catches and commercial catches). In
future (t42000), the former are pre-specified, while the
latter are set by the RMP. In cases in which the catch limit set
by the RMP is less than the (pre-specified) level of incidental
catch, the total removals are taken to be the incidental catch
only whereas if the RMP catch limit exceeds the incidental
catch, the level of the commercial removals is taken to be the
difference between the RMP catch limit and the incidental
catch. In trials when future incidental catches are
misreported (sensitivity trial 11 2 see Section G) the level of
the commercial removals is set by subtracting the reported
incidental catch from the catch limit set by the RMP.

Catch limits are set by Small Area. (Catches are always
reported by Small Area, i.e. the RMP is not provided with
catches by sub-area for cases in which sub-areas are smaller
than Small Areas.) As it is assumed that whales are
homogeneously distributed across a sub-area, the catch limit
for a sub-area is allocated to stocks by sex and age relative to
their true density within that sub-area, and a catch mixing
matrix V that depends on sex, age and time of the year (and
may also depend on year), i.e.

(D.1)

Cm/f,s,k,q
t,a is the catch of males/females of age a from stock s

in sub-area k during month q of year t; and
Cm/f,k,q

t is the catch of males/females from sub-area k
during month q of year t.

Each entry in the catch mixing matrix, Vm/f,s,k,q
t,a , is the

fraction of males/females of age a from stock s which are
found in sub-area k during month q of year t. The catch

mixing matrix is different for each month to reflect the
effects of migration between the breeding and the feeding
grounds. Adjunct 1 gives the catch mixing matrices
considered. The rationale for the values used is given in IWC
(1997a, p.225) and IWC (2003b, pp.459-61). The catch
mixing matrices give the relative fraction of an age-class in
each of the sub-areas during the months April-September.
Once the values of the mixing rate parameters g12g30 and h1
2h4 are specified (these are estimated separately for each
trial in the conditioning process), the catch mixing matrices
can be converted to fractions of each age-class in each
sub-area. The values for the g and h parameters are selected
to mimic available data (see Section F). In many trials, the
catch mixing matrix for each of the 100 simulations and for
each of the years of the associated pre-management and
100-year management periods is selected at random from
two possibilities (e.g. matrices A and B for the ‘J’ stock). In
this case, a random number is generated for each year from
U[0,1]; if this number is larger than a given proportion (0.5
unless otherwise specified), then the catch mixing matrix
used for stock ‘J’ is matrix A, otherwise it is matrix B. In
sensitivity trial 27 the catch mixing matrix is selected at
random from three possibilities.

Catch mixing matrices are specified for ages 4 and 10
(these being three years below and above the assumed
age-at-50%-maturity). Few animals of age 4 are mature
while most of age 10 are. The catch mixing matrices for ages
0-3 are assumed to be the same as that for age 4, and those
for ages 11+ the same as that for age 10. The catch mixing
matrices for ages 5-9 are calculated by interpolating linearly
between those for ages 4 and 10. 

The model considers a future six-month whaling season
(April-September). In order to account for historical catches
outside these months, all catches in January-March are
added to those in April and the catches after September are
assumed to have been taken in September. The historic
commercial and scientific catches by sex, sub-area, month
and year are given in Adjunct 2.

The trials are conducted assuming that the sub-areas for
which future catch limits might be set are:

7W, 7E, 8W, 8E, 9W, 9E (April) 2

7W, 7E, 8W, 8E, 9W, 9E, 11, 12SW, 12NE (May-June +
August-September)

7W, 7E, 8W, 8E, 9W, 9E, 12SW, 12NE (July)

For sensitivity test 24, sub-area 11 is closed in all months,
together with sub-area 12SW in June to investigate whether
more stringent spatial closures to further reduce catches of
‘J’ stock whales would provide any substantial additional
benefit.

The future (t 4 2000) commercial catches by sex,
sub-area, month and year are calculated using the
equation:

(D.2)

Qm/f,k,q is the fraction of the commercial catch in sub-area
k which is taken during month q and are
males/females, the values of which are given in

2 Note: the Q matrix is zero for sub-areas 7E, 8 and 9 in April so no
catches will be allocated to these sub-areas in April. The elements in Q
for these sub-areas are based on a very small number of catches. In
practice, the split by month will be dictated by operational factors as
well as by the numbers of whales available (which the historic catches
are intended to represent).
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Table 2; and
Ck

t is the commercial catch limit for sub-area k and
year t (t 42000). Note that Ck

t is equal to the catch
limit set by the RMP less the reported incidental
catch (constrained to be non-negative).

Some of the entries in the Q matrix are determined by the
options related to the sub-areas for which catch limits might
be set (i.e. Q is zero in April for sub-areas 11 and 12). The
non-zero entries in the Q matrix (see Table 2) reflect the
historical breakdown of catches over the last 10 years of
commercial whaling (1978-87) within each sub-area. In
sub-areas for which there was no catch between 1978-87
(7E, 8, 9 and 12), the entries in the Q matrix are set using the
entire historic commercial and scientific catch in these
sub-areas. For the trials based on Small Areas that are
combinations of sub-area 11 and other sub-areas, the entire
catch is assumed to be taken from sub-area 11 (except for
management variant (6) – see section H) as this should
reflect the highest risk to the J stock. For trials based on
Small Areas that are combinations of sub-areas including
sub-area 7W but not sub-area 11, the entire catch is assumed
to be taken from sub-area 7W.

In order to comply with RMP specifications regarding the
sex ratio in catches (IWC, 1999, p.251-9) which state that if
the proportion, Pf, of females in the total catch taken from a
Small Area in the five years prior to the catch limit
calculation exceeds 50%, the catch limit is reduced by the
ratio 0.5/Pf. On this event occurring in the trials the quota is
reduced.

Incidental catches of minke whales are known to occur off
the Republic of Korea and Japan but the level of such catches
is uncertain (IWC, 2000, p.84). Two options are considered
for both the incidental catch off Korea and off Japan. The
incidental catches are apportioned to stock and age class in
the same way as for the commercial catches (i.e. using
Equation D.1).

Incidental catch off the Republic of Korea
OPTION (Ki)

The incidental catch off the Republic of Korea in sub-area 6
is assumed to be zero until 1988 after which it increases
linearly to 78 in 1995. (The rationale for this linear increase
is a comment by Kim that minke whales returned to inshore
areas only gradually after the end of commercial whaling in
1986). It is 129 in 1996, 78 in 1997, 45 in 1998, 56 in 1999,
77 in 2000 and 148 in 2001 (this last figure excludes 12
drifting and stranded animals). The catch in each year is
apportioned to month according to the average of the
proportions of the annual incidental catch by month taken in

1996-99 (Table 3(a)) and is apportioned by sex according to
the incidental catches in 1998 and 1999 (the only years for
which the sexes of the incidental catches are known). These
values are also given in Table 3(a). In future years the
incidental catch in year t is set at Pk=6

t /Pk=6
1997/8 where 89 is the

mean catch in 1996-2001 (excluding drifting and stranded
animals) and Pk=6

t is the mean 1+ population size (over the
period April-September) in year t in sub-area 6. The catch is
apportioned by month and sex as for the historic catch above.
The Ki option is used in conjunction with the Ji option used
to specify the catches off Japan.

OPTION (Kii)

The historic catch is the same as for option Ki. In future years
the incidental catch in year t is set at 148 Pk=6

t /Pk=6
1997/8 where

148 is the maximum of the actual annual reported bycatch in
1996-2001. The catch is apportioned by month and sex as for
Option Ki. The Kii option is used in conjunction with the Jii
option.

Sensitivity trial 12 sets the level of Korean incidental
catch in the future to a constant ( = 89), independent of
population size.

Incidental catch off Japan
OPTION (Ji)

The incidental catches off Japan between 1955-1999 are
given in Table 3(b) where the catches from 1979-99 are
taken to be the reported catches as listed in Japanese progress

J. CETACEAN RES. MANAGE. 6 (SUPPL.), 2004 121




������2�3�


������!���!����������� ���
��� �"�������������+�!"�"������������������ ���

�!!�)����0�4������2)�3���
 ����5�������!��"�������%��"�#�����������$���

!����� ����������������� ����%���������#�/�2
������2�33��

�6���&,"�#����� �� �� �� .�� �	� ��� 
�����

�7�!����������� � ��
8

� 	��� ����� ����� 	�.� 	��� 	��� �1�


������2�3�


������!� ����������������������� �������� ����!����������� ��� ��
8

�"����

���������+�!"�"������������������ ����!!�)����0�4������2)��3���
 ����5������

�!��"�������%��"�#�����������$���!����� �������������������������� ����

%�������.�#���2
������2�33��

6���&,"�#����� �� �� �� .�� �	� ��� 
�����

��		�9��������� 	��� ����� 1���� ���.� 	��� 	��� �		�

7�!����������� � ��
8

� 	��� ����� 1���� ���.� 	��� 	��� �		�

reports. Future catches are taken in proportion to the
population size in the sub-area and are given by Ck

t =
C̃ kPk

t /P̃k where P̃k is the mean 1+ population size (over the
period April-September) in sub-area k from 1996-98 and C̃ k

is the reference incidental catch as given in Table 3(c). The
reference catch is 25 whales and it is allocated to sub-areas
in the ratio of the 1996-98 catch. The sex and timing within
the year of both historic and future catches are selected
according to the historic ratio of catches off Japan within the
relevant sub-area since 1979, or if there was none then the
entire historic catch.

The RMP is given the actual historic and future catch
series, except in sensitivity trial 11 (see Section G) when
both the historic and future catch reported to the RMP is
over-reported at a level equal to 4 times ( = 100/25) the actual
values.

In sensitivity trial 13 the reference catch is changed to 50
whales, to test the extent to which interpolation can be
achieved reliably (the RMP is given the actual catch values
for this trial).

OPTION (Jii)

An incidental catch of 100 animals (IWC, 2003a, p.116-7) is
assumed to have been taken in each year from 1900 to the
present (Table 3(d)). Future catches are taken in proportion
to the population size in the sub-area and are given by Ck

t =
C̃ kPk

t /P̃k where P̃k is the mean 1+ population size (over the
period April-September) in sub-area k from 1979-99 and C̃ k

is the reference incidental catch as given in Table 3(d).
Catches (both historic and future) are allocated among
sub-areas in the same ratio as the 1979-99 catches listed in
Table 3(b), and the sex and timing within years as for option
Ji. 

For the Jii option, the RMP is not given the true historic
catch series, but is rather given the smaller Japanese catches
listed for Option Ji. The RMP is given the actual future

catches, except in sensitivity trial 11 when the future catch
reported to the RMP is under-reported at a level equal to 1/4
times ( = 25/100) the actual values. 

In sensitivity trial 13, both the annual historic catch and
the reference catch are changed to 150 whales, to test the
extent to which extrapolation can be achieved reliably (the
RMP is given the true catches for this trial).

Some of the incidental catch off Japan is taken from
sub-areas for which a catch limit is set. For all trials the total
catch (commercial + incidental) from the sub-areas is taken
as equal to the catch limit set by the RMP if the RMP catch
limit exceeds the incidental catch.

E. Generation of data
The estimates of absolute abundance (and their associated
CVs) for the years prior to 1999 provided to the CLA are
identical to the actual estimates and CVs for North Pacific
minke whales from surveys conducted in August/September
(see Table 5(a)). To allow for results of surveys already
conducted, but for which the results are not yet available,
estimates of abundance are generated for sub-area 12 in 2000
using the same method as for future estimates.

The sightings mixing matrix for a year in which a survey
takes place is the average of the catch mixing matrices for
August and September for that year. The values for the
parameters of the various distributions have been selected to
achieve CVs for Small Areas comparable to those for the
surveys in Table 5(a). The future estimates of abundance for
a Small Area (say Small Area E) are generated using the
formula:

(E1)

Y is a lognormal random variable Y = ee where
e ~ N[0,s 2

and s 2 = Ln(a2 + 1);
w is a Poisson random variable with E(w) = var(w) = m

= (P/P*)/b2;
Y and w are independent;
P is the average current total (1+) population size in Small

Area (E) over August-September:

(E2)
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P* is the reference population level, and is equal to the
mean total (1+) population size in the Small Area prior
to the commencement of exploitation in the area being
surveyed; and

F is the set of sub-areas making up Small Area E.

Note that under the approximation CV2(ab) = CV2(a) +
CV2(b): E(P̂) = P and CV2(P̂) = a2 + b2P*/P

For consistency with the first stage screening trials for a
single stock (IWC, 1991, p.109; IWC, 1994, pp.85-6), the
ratio a 2:b2 = 0.12:0.025, so that:

(E3)

and the CV of a survey estimate prior to the commencement
of exploitation in the area being surveyed would be: 

(E4)

The value of t is calculated from the equation defining the
true value of the CV by substituting the value of the CV for
each abundance estimate and the depletion to which it
corresponds (Equation E.3), and solving for t. If more than
one abundance estimate exists for a particular sub-area, the
value assumed for t is calculated taking the true CV to be the
root mean square of the values obtained from the abundance
estimates for that sub-area, and the depletion to be the mean
value over the corresponding years. The values of t
applicable to each sub-area are calculated separately for each
replicate once the conditioning has been accomplished.

An estimate of the CV, Xt is also generated for each
sightings estimate, P̂t:

(E5)

where s 2
t = Ln(1+a 2 + b 2P*/P̂t), and c2 is a random

number from a Chi-square distribution with n = 10 degrees
of freedom. The value 10 is chosen to roughly indicate the
number of trackline segments in a sightings survey in a Small
Area.

Sensitivity trial 10 considers the case where g(0) = 0.5.
To implement this, the observed P is taken to be half of its
actual value (Equation E.2). In sensitivity trial 23, an
additional coefficient of variance of 0.42 is added to the CV

used to generate the abundance estimate. This is
implemented by changing equation E.4 to:

(E6)

The CV supplied to CLA ignores the additional variance.
The trials assume that it takes two years for the results of

a sighting survey to become available to be used by the
management procedure, i.e. a survey conducted in 2000
would first be used for setting the catch limit in 2002. Table
4 lists the pattern for future surveys and also shows how
results of surveys from different sub-areas are combined. In
trials in which Small Areas are comprised of sub-areas that
are surveyed in different years, the abundance estimate is
taken to be a summation of the estimates of abundance in the
sub-areas over the years and taken to refer to the mean year
(where the mean year is defined as the centre year in the set,
or the later of two if this yields a half-integral year) (IWC,
1999). In cases in which the combined survey used more
than one abundance estimate from the same sub-area, the
abundance estimates are pooled using inverse variance
weighting. 

F. Parameter values and Conditioning
Following the decision by the sub-committee on North
Pacific minke whales (IWC, 1992a, p.160), the values of the
biological and technological parameters are taken to be equal
to those for the North Atlantic minke Implementation
Simulation Trials (IWC, 1992b, p.249), i.e.:

The maturity ogive is modified so that the first age at which
a female can be mature is three, i.e. b0 = b1 = b2 = 0.

Natural mortality is age-dependent, and identical to that
for the North Atlantic minke trials:
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The MSYR scenarios are specified in Section G. The MSYR
used does not apply to the recruited populations defined for
this model, but rather applies to the rates that would apply if
the age at recruitment were equal to the age at maturity.

The process used to select the initial (pre-exploitation)
sizes of each of the stocks and the values for the g and h
parameters used to define the catch mixing matrices is
known as the conditioning process. This process involves
first generating the target data, as detailed in steps (a) to (i)
below, that will be ‘fitted’ to the above model. Values for the
initial population sizes and the g s and h s are then selected
by minimising the negative of a log-likelihood which
contains terms related to the target data generated in steps (a)
to (i). The number of animals in sub-area k at the start of year
t is calculated starting with guessed values of the initial
population sizes and projecting the operating model forward
to 2000 in order to obtain values of abundance etc. for
comparison with the generated data3. (When performing the
projections, mixing is stochastic, and the catches from each
sub-area are set to their historic values – Adjunct 2 and Table
3.) In order to avoid using datasets containing incompatible
data, the following algorithm is used:

(1) Generate a number (200) of pseudo datasets based on the
data in Tables 5a and 5b.

(2) Fit the operating model to each and record the value of
the objective function.

(3) Select the 100 simulations with the lowest objective
function values for use in the trials.

The information used in the conditioning process is as
follows.

(a) The target values for the historical abundance by
sub-area (excepting for the minimum values, which are
taken to be one standard error less than the
corresponding best estimate – see below) are generated
using the formula:

(F1)

Pk
t is the abundance for sub-area k in year t;

Ok
t is the actual survey estimate for sub-area k in year t (see

Table 5a)); and
s k

t is the CV of Ok
t .

The levels of abundance listed in Table 5(a) for sub-areas 6
and 10 are assumed to be minima – in the conditioning
process the terms for those sub-areas/years are not added to
the log-likelihood but the ‘true’ abundance in those
sub-areas must exceed the specified values.

(b) Estimates of the proportion of recruited ‘J’ stock whales
in sub-areas 7W, 11 and 12SW are generated from
appropriately truncated normal distributions that
correspond to the observed data and are based on
mtDNA, conception date and flipper colour information
(see Table 5(b)). It was suggested that the posterior
distributions for the mixing proportions from the
Bayesian approach might be better approximated by
beta distributions fitted to the posterior distributions
(IWC, 2003b, p.482) but this suggestion was never
implemented. Although data do exist for sub-areas other
than those listed in Table 5(b), the sample sizes are so
low that their information content is effectively nil.
Some of the mixing proportions are based on data from
several years so the model estimates to which these
proportions are fitted during conditioning are sample
size-weighted year-specific proportions.

The data for sub-area 12SW is limited and so a trial
(sensitivity trial 6) has been added to simulate a higher
proportion of ‘J’ stock animals in this sub-area. In sensitivity
trial 6 the proportion estimates for sub-area 12SW are
replaced by the highest value for the 1973-75 average
proportion of recruited ‘J’ stock whales in sub-area
12(SW+NE) June-August which is 520% and consistent
with the other data used in conditioning, and which does not
lead to more than 50% (median value over the 100
simulations) of mature ‘J’ stock females being in sub-area
12SW in June-August 1973-75.

3 In order to check that the conditioning exercise has been successfully
achieved, plots such as those shown in IWC (2003b, pp.473-80) are
examined, together with time-trajectories of the fraction of each stock
in the sub-areas/months for which information is available.
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(c) The trials are conditioned by fixing the depletion level of
the mature female component of the ‘J’ stock to a certain
percentage of its pre-exploitation size at the start of
2000. Four values for this depletion are used in the trials:
15%, 30%, 50% and 70%.

(d) Baselines A and C: The fraction of the ‘O’ (or ‘OW’ and
‘OE’) stock in sub-area 12 is fixed by setting the fraction
of 1+ non-‘J’ stock animals in sub-area 12 (SW+NE) in
August-September in the pristine state that are from the
‘W’ stock to equal the relative abundance of such
animals in sub-areas 7, 8, 9W and 9E at that time. 

In sensitivity trial 8 the fraction of ‘W’ animals in sub-area
12 is set equal to the relative abundance of such animals in
sub-areas 7, 8 and 9W at that time.

(e) The definition of this condition depends on the
underlying stock model 2see Section G. This condition
is not used in Baseline D.

Baseline A: The fraction of the ‘O’ stock (1+ animals) in
sub-area 9W is fixed by specifying the percentage that the
‘O’ stock comprises of the combined ‘O’-‘W’ abundance in
that sub-area in August-September 1995 (a year when the
‘W’ stock is defined to enter sub-area 9W). In Baseline A,
the value for this fraction is taken to be 50%. (A value of
100% is used in Baseline B i.e. no ‘W’ stock). The value of
50% is based on the genetic differences found between
sub-areas 7, 8 and 9E and sub-area 9W in 1995, 2000 and
2001.

Baseline C: The fractions of ‘OW’ and ‘OE’ stocks in
sub-areas 7, 11 and 12SW are defined such that the pristine
ratio of ‘OW’:‘OE’ 1+ abundance in August/September in
each of the sub-areas 7 (W+E), 11 and 12SW are equal i.e.
the ratio of such animals in sub-area 7 (W+E) is equal both
to the ratio in sub-area 11 and to the ratio in sub-area 12SW,
which are themselves equal. In addition, the pristine ratio of
‘OW’:‘OE’ 1+ abundance in August/September in sub-areas
7 (W+E) and 8 (W+E) combined is set equal to the ratio of
such animals in sub-areas 11 and 12 (SW+NE) combined.

See also sensitivity trials 15, 16 and 18 in section G.

(f) For sensitivity trial 10 (case for which g(0) = 0.5) the
values of the operating model abundances are halved for
comparison with the conditioning targets. See also
sensitivity trial 30 in Section G.

(g) Dispersal rate. The model allows dispersal between two
stocks. To ensure equilibrium in the pristine
population:

(F2)

(F3)

D O,W and DW,O are evaluated by setting the mean dispersal
rate D equal to the pertinent value above, where the mean
dispersal rate is defined by the formula:

(F4)

For Baseline A the level of dispersal between the ‘O’ and
‘W’ stocks is estimated to be extremely small (best estimate
~ 0.018yr21 – see Adjunct 3), so the Baseline A trials are
conducted under the assumption of no ‘O’-‘W’ dispersal.
For Baseline C the ‘best’ and ‘low’ estimates of the dispersal
rate between the ‘OW’ and ‘OE’ stocks were calculated as
0.0045 and 0.001 from the Fst estimate of 0.0018 (see
Adjunct 3), but the ‘high’ estimate of dispersal rate between
these stocks (corresponding to the observed Fst value being
the upper 5%ile of the distribution for such values when the
rate of dispersal is equal to the ‘high’ estimate) was
essentially infinite. Two ‘high dispersal’ trials are conducted
for Baseline C: Sensitivity trial 2a in which the ‘OE’ and
‘OW’ stocks are merged into a single ‘O’ stock (reflecting an
infinite dispersal rate); and Sensitivity trial 2 in which a
dispersal rate of 0.01 between the ‘OE’ and ‘OW’ stocks is
assumed. Dispersal is ignored for Baseline D.

(h) The historic catch is specified by month and sub-area
(see Adjunct 2). In some simulation runs conducted in
the iterative conditioning process, the modelled
population size in a particular sub-area and month may
not be sufficient to support the specified catch, in which
case the population model amends the modelled catch to
be smaller than the specified catch to prevent negatives
occurring for some population components. However, to
ensure that any final population trajectory output from
the conditioning process is consistent with the historic
catch series, a penalty term is added to the likelihood
function to ensure that the entire recorded historic catch
is taken.

(i) For sensitivity trial 14 (the case in which some ‘W’
animals are found in sub-area 8 in years when they are
also in sub-area 9), the fraction of the ‘O’ stock (1+
animals) in sub-area 8 to the combined ‘O’-‘W’
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abundance in that sub-area in August-September 1995 (a
year when the ‘W’ stock is defined to enter sub-area 8) is
set at 75% (see Pastene et al., 2002).

(j) For Baseline C the pristine ratio of 1+ animals from the
‘J’ to ‘OE’ stocks in Aug/September in sub-area 7E is set
equal to the ratio of ‘J’ to ‘OW’ stocks in sub-area 7W.
This condition was added by the steering group after it
was realised that without this condition the proportion of
‘J’ stock animals could increase with distance eastward
from Japan. (An alternative solution was to require the
ratio in 7W to be lower than that in 7E but has the
disadvantage that the solution is not unique.) This
restriction is not needed in Baseline A as the ‘J’:‘O’ stock
ratios in 7W and 7E are defined by means of the
h1 parameter in the B and F mixing matrices.

(k) Baseline D. Further details of this hypothesis are given
in IWC (2003b, pp.483-6). The distribution of the ‘O’
and ‘W’ stocks across the sub-areas defined for the
western North Pacific are determined by catch-mixing
matrices. The relative density of the ‘O’ and ‘W’ stocks
in sub-area k, is determined by evaluating the functions
f O and f W at a representative point in sub-area k (see
Table 6). The function f O is evaluated as follows:

(F5)

where l(lat) is a threshold that defines the latitude at
which f equals 1, i.e.

(F6)

s(lat) is a function that determines how rapidly ‘O’
stock density drops with increasing
longitude, i.e.:

(F7)

p1 is the relative density of the ‘O’ stock at the
point (155°E, 47°N), and

p2 is the relative density of the ‘O’ stock at the
point (155°E, 30°N).

The base-case value for p1 is specified for males aged 10
years, females aged 10 years, and juveniles aged 4 years
(0.35, 0.15 and 0.15 respectively) while the value for p2 is
assumed equal to 0.01.

The function f W is evaluated as follows:

(F8)

The base-case value for p153 is specified for males aged 10
years, females aged 10 years, and juveniles aged 4 years
(0.35, 0.15 and 0.15 respectively).

The information on which conditioning is based is the
relative fraction in groups of sub-areas (see Table 7). Let
W

G,q,s denote the relative density of whales of sex s (all
stocks) in sub-area group G during month q (see Table 7).
The raw catch-mixing matrices (i.e. before any g’s are added,
i.e. Vs,j,k,q) is given by:

(F9)

where G(k) denotes the sub-area group to which sub-area k
has been assigned, and

Ak is the area of sub-area k (see Table 6).

The density of 4-year-olds in sub-area 11 is increased by a
factor of four compared to that for age 10 animals to reflect
the observation that juveniles do not migrate as far as
adults.

Table 8 lists the entries in the catch-mixing matrices for
which g-factors are used to adjust the raw catch-mixing
matrices. The values used in the mixing matrices are given in
Adjunct 1 (see matrices P and Q).

G. Trials
The full set of trials is given in Table 9. The sensitivity trials
are variants of the Baseline trials NPM-A, C and D (see
section A).

The full set of trials is based on longitudinal boundaries at
147°E, 150°E, 153°E, 157°E and 162°E although all of the
trials merge at least one of the longitudinal sectors defined
by these boundaries when defining sub-areas. If a trial is
specified in terms of a sub-area that is a combination of two
of these longitudinal sectors, the relative fraction of each
stock in each sector is the same (with the ratio of the
abundances in the two sectors given by an h parameter in the
catch mixing matrices).

In Baseline A, the ‘W’ stock occurs in sub-area 9 (and 12)
each year with 60% probability, determined by random
selection, except that the simulations will always ensure they
are present in these sub-areas in 1995, 2000 and 2001 and
absent in 1994 and 1997. There is no genetic data regarding
the ‘J’:‘O’ ratio in 7E, but it has been assumed to be the same
as that in 7W for Baselines A, B and C.

The figures in IWC (2003b, pp.459-60) illustrate the
baseline trials and sensitivity trials 17, 18 and 19.

Rationale and further details for some of the sensitivity
trials:
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Trial 8
The objective of this sensitivity trial is that animals in
sub-area 9E migrate to sub-area 9N rather than to sub-area
12. The constraint F(d) is modified to ‘the fraction of ‘W’
animals in sub-area 12 is set equal to the relative abundance
of such animals in sub-areas 7, 8 and 9W’. The catch mixing
matrices are unchanged except that estimable parameters are
added to allow the animals in 9E to migrate to 9N (see
matrices F2 and E2 for Baselines A and C respectively).

Trial 9
In 50% of years some ‘O’ stock animals are found in
sub-area 10 (see catch mixing matrices H and C2 for
Baselines A and C respectively).

Trial 15 (C trial)
In the base-case trials, animals migrate due north, so none of
the animals from sub-area 8 go into sub-area 12SW. In trial
C1-15, some animals from sub-area 8W veer west into
sub-area 12SW. This is implemented by modifying
constraint F(e) above, so that the the pristine ratio of
‘OW’:‘OE’ 1+ abundance (August/September) in sub-areas 7
(W+E) and 8W combined is set equal to the ratio of such
animals in sub-areas 11 and 12 SW combined. 

Trial 16 (C trial)
This sensitivity trial involves the most extreme assumption
regarding the extent to which ‘OE’ animals veer east by
excluding ‘OE’ animals from sub-areas 11 and 12SW (see
matrix D2). The first condition in section F(e) above (that the
pristine ratio of ‘OW’:‘OE’ 1+ abundance in each of the
sub-areas 7, 11 and 12SW are equal) is not applicable for this
trial.

Trial 17 (C trial)
This sensitivity trial involves moving the boundary between
the ‘OW’ and ‘OE’ stocks from 1470E to 1530E. It is
implemented by modifying the catch mixing matrices for the
‘OW’ and ‘OE’ stocks so that no ‘OE’ animals are found in
sub-areas 7E, 8W, 11 and 12SW and so that ‘OW’ animals
are found in sub-areas 7E and 8W (see catch mixing matrices
C3 and D3). A dispersal rate of 0.01 between the ‘OW’:‘OE’
is assumed (see Adjunct 3).

Trial 18 (C trial)
This sensitivity trial is implemented by replacing the
base-case catch-mixing matrix for the ‘OW’ stock by one in
which the ‘OW’ stock is also found in sub-areas 7E and 8W
(see catch mixing matrix C3). The two extra constraints
needed to implement this sensitivity trial are that the
pre-exploitation split of 1+ animals (August-September)
between the ‘OW’ and ‘OE’ stocks in sub-areas 7E and 8W
are 2:1 and 1:2 respectively. An ‘OW’:‘OE’ dispersal rate of
0.00725 is assumed for this trial (being the average of the
base-case ‘OW’: ‘OE’ dispersal rate and that used for trial
C1-17).

Trial 19 (C trial)
This trial is designed to reflect the possibility that the ‘W’
stock is restricted to sub-area 9W and that sub-area 9E is
comprised entirely of ‘OE’ animals. It is implemented by
excluding the ‘W’ stock from sub-area 9E and modifying the
catch-mixing matrix for the ‘OE’ stock to allow ‘OE’ animals
in sub-area 9E (see catch mixing matrices D4 and E3). A
dispersal rate of 0.00725 between the ‘OW’:‘OE’ is assumed
(see Adjunct 3).

Trial 21 (D trial)
More rapid decline in ‘O’ relative density with longitude.
This sensitivity trial involves changing the p1 parameters to
(0.2, 0.069 and 0.069) for males, females and juveniles
respectively, and changing the p153 parameters to (0.5, 0.21
and 0.21) for males, females and juveniles respectively.

Trial 22 (D trial)
Less rapid decline in ‘O’ relative density with longitude.
This sensitivity trial involves changing the p1 parameters to
(0.5, 0.21 and 0.21) for males, females and juveniles
respectively, and changing the p153 parameters to (0.2, 0.069
and 0.069) for males, females and juveniles respectively.

Trial 25 (D trial)
Increased proportion of both sexes in mixing matrix N. This
sensitivity trial involves increasing the elements of Table 7
for the 9N, 11 and 12 sub-area groups by 0.1 and re-scaling
the elements for the 2-4 and 7W-8E sub-area groups so that
the sum over all sub-area groups equals 1.

Trial 26 (D trial)
Decreased proportion of both sexes in mixing matrix N. This
sensitivity trial involves decreasing the elements of Table 7
for the 9N, 11 and 12 sub-area groups by 0.1 and re-scaling
the elements for the 2-4 and 7W-8E sub-area groups so that
the sum over 100 sub-area groups equals 1.

Trial 27 (D trial)
Random selection of mixing matrices. This sensitivity trial
involves selecting the values for (p1, p2) at random and with
equal probability from (0.35, 0.15, 0.15), (0.2, 0.069, 0.069)
and (0.5, 0.21, 0.21) each year.

Trial 28 (D trial)
Increase ‘O’ : ‘W’ ratio in 12 – differential migration. This
sensitivity trial involves increasing the entries for the 9N, 11
and 12 sub-area groups for the ‘O’ (but not ‘W’) stock until
the ratio of ‘O’ to ‘W’ animals in sub-area 12 is 0.8. The
change to the mixing matrix will be based on fitting the
operating model to the actual data (i.e. a ‘deterministic’
fit).

Trial 29 (D trial)
Increase ‘O’ : ‘W’ ratio in 12 – ‘O’ stock in sub-area 9. This
sensitivity trial involves changing the relative density of ‘O’
animals in sub-areas 9W and 9E until the ratio of ‘O’ to ‘W’
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animals in sub-area 12 is 0.8. The change to the mixing
matrix is based on fitting the operating model to the actual
data (i.e. a ‘deterministic’ fit). 
Trial 30
Trial 30 was added at the June 2003 meeting to test a second
variation of the g(0) = 0.5 case, in which the past and future
survey estimates of abundance are not adjusted for g(0) =
0.5 when implementing the RMP but the trials are
conditioned assuming that the past abundance estimates are
negatively biased by 50%. (See also section F(f)).

H. Management options
Two issues relate to specifying the management options: (a)
the designation of Areas (Small, Medium and Large); and (b)
the management procedure variants to consider. The
selections listed below may be reconsidered once the results
of the trials specified in this Appendix have been carried
out.

Designation of areas
SMALL AND RESIDUAL AND COMBINATION AREAS

Sub-areas 1, 2, 3, 4, 5, 6, 9N, 10 and 13 are Residual Areas.
There are four alternative Small Area definitions and two
other management variants:
(1) Small Areas equal sub-areas. For this option, the Small

Areas for which catch limits would be set are 7W, 7E,
8W, 8E, 9W, 9E, 11, 12SW and 12NE. 

(2) 7+8, 9, 11 and 12 are Small Areas and catches are taken
from sub-areas 7W, 9W, 11 and 12SW.

(3) 7+8+11+12 and 9 are Small Areas and catches are taken
from sub-areas 11 and 9W.

(4) 7W, 7E+8+12, 9 and 11 are Small Areas and catches are
taken from sub-areas 7W, 9W, 11 and 12SW.

(5) 7+8+11+12 and 9 are combination areas and catches are
cascaded to the sub-areas within each combination area.

(6) As (3) except that the catches from the 7+8+11+12
Small Area are taken from sub-areas 7W and 11 using
catch cascading across those two sub-areas.

Note: in cases where a Small Area consists of more than one
sub-area, the general approach followed above is to assume
the extreme that all catches are taken from the sub-area that
would lead to the highest risk to the ‘J’ stock. 

MEDIUM AREAS

Medium Areas are not used in this set of variants (previous
trials having shown this feature to have only a slight impact
on performance). 

LARGE AREA

There is no Large Area.

I. Output statistics
Population-size and continuing catch statistics are produced
for each stock, and catch-related statistics for each sub-area.
Catch related statistics are produced both for the total catches
(commercial and incidental) and for the commercial catches
alone.
(1) Total catch (TC) distribution: (a) median; (b) 5th value;

(c) 95th value.
(2) Initial mature female population size (P2000)

distribution: (a) median; (b) 5th value; (c) 95th value.
(3) Final mature female population size (Pf) distribution:

(a) median; (b) 5th value; (c) 95th value.
(4) Lowest mature female population over 100 years (Plow)

distribution: (a) median; (b) 5th value; (c) 95th value.
(5) Average catch over the last 10 years of the 100-year

management period: (a) median; (b) 5th value; (c) 95th
value.

(6) Catch by sub-area, stock and catch-type (incidental or
commercial): (a) median; (b) 5th value; (c) 95th
value.

(7) The median percentage of mature ‘J’ stock females in
sub-area 12 in June-August 1973-75. 

(8) The median annual rate of decline in the number of
whales assumed recruited to the Korean fishery over
the period 1973-1986. 

(9) The median 1+ population size for animals in sub-areas
6 and 10 in August-September in 1992 and in 2000
(corresponding to Sea of Japan surveys).

(10) The mean proportion of ‘J’ whales in the total
(scientific, commercial and incidental) catch taken by
Japan from 1993-98 is output in trials, for comparison
with results obtained from market samples.
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Adjunct 3

Dispersal estimates for Implementation Simulation Trial Baselines A and C1

Barbara L. Taylor and Karen Martien

This adjunct updates previous estimates of dispersal rates for
the population structure hypotheses A and C in the
Implementation Simulation Trials. Dispersal rates were
estimated using the same techniques used in Taylor et al.
(2000). Following suggestions made at SC/52, a range of
dispersal rates were estimated for use in the North Pacific
minke whale Implementation Simulation Trials (ISTs).
Preliminary estimates of historical numbers of mature
females were obtained from Cherry Allison and were
roughly: Baseline A–O = 8,807, W = 2,309; Baseline C–
Ow = 3,400, Oe = 1,600 and W = 5,165; C1J1-17– Ow =
4,218, Oe = 276 and W = 5,130; C1J1-19– Ow = 3,557,
Oe = 3,731 and W = 2,548.

Methods
A brief description of the simulation and analysis methods
follow. Simulations followed previously used methods
(Taylor et al., 2000) but will be described here for Baseline
C. The dynamics follow a stepping-stone model where each
stock has the mean abundance for the estimated number of
historical mature females (Fig 1). The simulation
(genmod.exe) begins with all individuals having the same
haplotype (40 basepairs with a per/basepair mutation rate of
0.00004). Each year every individual is allowed to give birth,
die or disperse to the neighboring stock (with the probability
d). The simulation runs for 30,000 years, which was
sufficient to bring the dynamics into a state of
quasi-equilibrium. The simulation is then run for an
additional 20,000 years and is sampled every 100 years

(Baseline A: Fst = 0.0179, No = 8,807, no = 361, Nw =
2,309 nw = 100; Baseline C: Fst (Ow-Oe) = 0.0018, Fst
(Oe-W) = 0.0061, Now = 3,400, now = 165, Noe = 1,600,
noe = 168, Nw = 5,165, nw = 175; C1J1-17: Fst (Ow-Oe)
= 0.0009, Fst (Oe-W) = 0.0061, Now = 4,218, now = 234,
Noe = 276, noe = 79, Nw = 5,130, nw = 203; C1J1-10: Fst
(Ow-Oe) = 0.0006, Fst (Oe-W) = 0.0152, Now = 3,557,
now = 165, Noe = 3,731, noe = 251, Nw = 2,548, nw =
86). A series of different dispersal rates were run and the fit
measured as the proportion of the estimated measures of
genetic differentiation that are greater than the observed. 

Results
The proportion of the simulated estimates of Fst that were
greater than the observed served as the measure of fit for the
given set of dispersal rates. For Baseline A the dispersal rates
corresponding to 95% > observed, 50% > observed and 5%
> observed were 0.00008, 0.00018, 0.0005 respectively. For
Baseline C where two dispersal rates needed to be estimated,
simulations were first run to achieve 50% > observed for1 Paper presented to meeting as SC/55/IST8.

Fig. 1. Diagram of the simulation model for Baseline C with the best fit
dispersal rates shown.
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both dispersal estimates, which resulted in d(Ow-Oe) =
0.0045 and d(Oe-W) = 0.0011. The d(Oe-W) dispersal rate
was then fixed and the ‘high but plausible’ and ‘low but
plausible’ dispersal rates between Ow and Oe were sought.
The low estimate (95% > observed) d(Ow-Oe) = 0.001.
However, it was not possible to achieve a high estimate if
defined as 5% > observed because the observed Fst (0.0018)
is too close to the lower bound for Fst of zero (see discussion
below). For d = 0.01, 0.02 and 0.03 the proportion >
observed was 25%, 15% and 16% respectively.

Best estimates were made for two additional Baseline C
trials: C1J1-17 (Ow-Oe Fst = 0.00094, d = 0.015, Fst =
0.00437, Oe-W d = 0.01) and C1J1-19 (Ow-Oe d =
0.00725, Oe-W d = 0.0). Trial C1J1-17 proved very difficult
to get a good estimate of both dispersal rates because the
central population, which received dispersers from both its
neighbors, was very small (276). Thus, this population had
both high genetic drift plus many dispersers. Further, the
program used to estimate dispersal maintains abundances in
each population by capping the population size. All
population dynamics processes are allowed to occur (birth,
death and dispersal) and then ‘extra’ individuals beyond the
carrying capacity are randomly ‘killed’. The ISTs treat
dispersal differently so there may not be a good match.
Further, the ISTs only allow one dispersal rate. Since both of
the estimated dispersal rates were high, the ISTs will not be
able to capture the full dynamics of this trial.

Discussion
The general level of genetic differentiation is governed by
the equation: Fst = 1/(2NdT +1), where d is the annual
probability of dispersal and T is generation time. Although
this equation (modified from Wright (1931) for
mitochondrial DNA) uses the average abundance and makes
various assumptions that lead to biases, the general form
reveals a strong decrease in Fst with dispersal (Fig. 2).

The result of the relatively high abundance of minke
whales is that the expected Fst is close to zero over a large
range of dispersal rates. This can be seen in histograms of the
estimated levels of genetic differentiation (Fig. 3).

From the perspective of the Implementation Simulation
Trials, two ‘high dispersal’ scenarios could be run. One
would use a ‘high but plausible’ of d = 0.01 (with 25% of
the estimated values greater than the observed). Another
alternative is to clump Ow and Oe into a single stock (O)
which would correspond to earlier trials which had O stock
in sub-areas 7 and 8 and W in 9.
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Appendix 11

SEPARATING ADVICE ON THE IMPACT OF THE RMP ON THE ‘O’/’W’ STOCKS AND THE ‘J’ STOCKS: A
PROPOSAL

T. Polacheck, P. Hammond, G. Donovan, A. Punt, J. Zeh, B. Taylor, K. Martien, T. Schweder, H. Hatanaka, 
S. Kawahara, T. Smith, B. Perrin, D. Butterworth and J. Cooke

For North Pacific minke whales, the Committee’s charge
this year can be summarised as providing the best advice to
the Commission on:

(a) the RMP variant that gives the best performance in
terms of O/W stock catch conditional on providing

acceptable performance in terms of risk to the O/W
stocks; and

(b) the risk to the J stock of harvesting under the RMP.

There is a wide range of opinion within the Committee
regarding plausibility of the level of incidental catches and

Fig. 2. Expected value for Fst assuming an average N = 2,400 (Oe +
Ow/2) and T = 20. The horizontal line is the observed Fst = 0.0018.

Fig. 3. Frequency histograms for estimated levels of genetic
differentiation for a range of dispersal rates between Ow and Oe with
the bin containing the observed value noted by the arrow.
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the appropriateness of different levels of current J stock
depletion. It seems unlikely that these differences of opinion
will be resolved at this meeting.

The relative plausibility assigned to the level of incidental
take and J stock depletion will have only minor
consequences for the final depletion levels for the O/W
stocks in any of the ISTs. Conversely, this will have major
consequences for the final depletion level of the J stock.
However, the different RMP variants will have major
consequences for the final depletion levels for O/W stock
components in different trials but have little effect on the
final depletion level of the J stock.

It is imperative, therefore, that the sub-committee
separates its discussion of factors that affect the O/W stocks
(to which the RMP is being applied) from those factors that
affect the J stock (which will be impacted by application of
the RMP).

We propose that, given lack of agreement on plausibility
rankings for levels of incidental catch and current J stock
depletion, an appropriate way to provide advice to the
Commission on the effects on the J stock of harvesting is:

(1) for the RMP variant that provides the best performance
in terms of O/W stock catch given acceptable
performance in terms of risk to the O/W stocks;

(2) for each J stock hypothesis list the additional risk (in
terms of final depletion and extinction, where this
occurs) for the RMP variant that provides the best

performance in terms of O/W stock catch selected from
those that provide acceptable performance in terms of
risk to the O/W stocks.

We propose the following:

(1) Assign plausibility rankings to factors that will affect
performance relative to the O/W stocks.

(2) Look at trial results and select RMP variants that provide
acceptable performance in terms of risk to the O/W
stocks (disregarding J stock performance at this stage).

(3) Select the RMP variant from those in (2) that provides
the best performance in terms of catch. This becomes the
RMP variant to be recommended relative to effects on
the O/W stocks.

(4) Prepare a table to show, for each combination of
incidental catch, current J stock depletion and MSYR,
the range of relative risk for the J stock. Calculate these
as a comparison of the RMP variant selected under (3)
with the non-RMP catch scenario across ISTs with high,
medium or disputed plausibility used to select the RMP
variant under (3).

(5) Derive a list of additional data requirements that should
help resolve issues of plausibility with regard to J stock
incidental catches and current depletion.

The results of (3) (4) and (5) then form the basis of our
advice to the Commission.

Appendix 12

TRIAL RESULTS

Cherry Allison

The results of the trials (see Table 1 of Annex D) are
summarised by catch- and risk-related statistics for each trial
– RMP variant combination:

(a) Catch statistics
(i) The median annual commercial catch.
(ii) The median annual total catch (commercial and

incidental catches combined).
(iii) The median annual total catch by stock.

(b) Risk-related statistics
(i) The initial (year 2000) depletion of the ‘J’ and ‘O’

stocks.
(ii) The lower 5th percentile and median of the final

depletion distributions for the ‘J’, the ‘O’
(Baselines A, B and D) and the ‘Oe’ and ‘Ow’
(Baseline C) stocks. These results are also shown
for the ‘W’ stock for trials based on Baselines A
and D.

(iii) The value of the ‘relative depletion risk’ statistics
for the stocks for which final depletion statistics
are provided.

(iv) An indicator that measures whether risk-related
performance for a particular stock is: ‘acceptable’
(1); ‘mediocre’ (2); or ‘unacceptable’ (3) based on
specifications in Appendix 4.

(v) An indicator that measures whether risk-related
performance for all stocks is ‘acceptable’ (no
asterisk), ‘mediocre’ (one asterisk) or
‘unacceptable’ (two asterisks).

The trials are grouped by stock-structure Baseline (A, B, C
and D), reference level of incidental catch (J1/J2) and
MSYR(mat) (1% and 4%). Within each group, results are
presented for trials that the Winnowing sub-group agreed
had an impact upon the performance statistics for the ‘O’
stock (‘O Trials’), the ‘J’ stock (‘J trials’) and neither stock
(‘E trials’).

[Appendix 12 tables on following pages]
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