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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 thesetrialsisto 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 alows for multiple
stocks. Allowance is made for possible dispersal (permanent
transfer of animals between stocks).

The region to be managed (the western North Pecific) is
divided into 18 sub-areas (see Fig. 1). Future surveys are
unlikely to cover sub-areas, 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 (athough alowance is made for future
incidental catchesfrom 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 — Sea of Japan and perhaps also the
Yellow Sea and East China Sea) and considers three classes
of hypothesisin regard to the stock(s) whose ‘home’ areaiis
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 9* 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 (' Oy, ‘Og” 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 stocksto 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’).

1 Some of the sub-areasidentified in earlier versions of thesetrials 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).
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Fig. 1. The 18 sub-areas used for the Implementation Smulation Trials
for North Pacific minke whales (Note: sub-area 9N is only used in
Baseline D).

Table 1

Plan for future sighting surveys of minke whales in the western North
Pacific in August/September.

Sub-area

Season 7W 7E 8W 8E 9W 9E 11 12SW  12NE

2000 (Yes)'  Yes Yes
2001 Yes Yes Yes
2002 Yes Yes

2003 Yes Yes Yes Yes

2004 Yes Yes Yes
2005 Yes  Yes

2006 Yes Yes Yes Yes
continuing in this pattern

' Abundance estimate already available. See Table 5a.

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:

Basdine-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
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(see section F(€)). 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 teststo distinguish further stock structure, atrial isto
be conducted for this scenario which includes some ‘W’
stock animals in sub-area 8 (sensitivity trial 14: in years
when the ‘W’ stock isin sub-area 9, 25% of the animalsin
sub-area 8 are from the ‘W’ stock — see section F(i)).

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

Baseline-C: A 4 stock model of which three non-‘J stocks
(‘Ow’, 'O’ and ‘W’) occur to the east of Japan. The
divisionsbetweenthe‘ Oy, and ‘O’ and ‘W’ stocksoccur 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
dtate that are from the ‘W’ stock is determined from the
relative abundance of such animalsin sub-areas 7, 8, 9W and
9E at that time (see section F(d)). Variants of thishypothesis
first place the ‘Oy,'/* Og’ boundary at 153°E (see sensitivity
trial 17), then allow ‘O’ and ‘O’ mixing between 147°E
and 153°E (sensitivity trial 18), further allow intrusion of the
‘Og’ stock into sub-area 9E (sensitivity trial 19), and finally
alow for some mixing of the ‘O, and ‘Og stocks
throughout sub-areas 7 and 8 (sensitivity trial 20).

Baseline-D: 2 stocks (‘O’ and ‘W) to the east of Japan that
mix acrossthe 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
estimatesin sub-areas 9W and 9E. Therelative proportion of
the'W’ and ‘O’ stock animalsin sub-areas 12SW+12NE and
9N is computed using the same model which provides the
relative proportion of ‘W’ and ‘O’ animalsin 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
thereis no dispersal (permanent movement between stocks)
and by Equations B.1(b) for the ‘O’ and ‘W’ stocks (‘Oy/’
and ‘Og’ stocks for the ‘4 stocks' case).
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R " isthe number of recruited males/females of age ain
stock s at the start of year t;

U™ is the number of unrecruited males/females of agea
in stock s at the start of year t;

0. 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
thisand the x-1 class are assumed to be recruited and

. to have reached the age of first parturition);

R " isthe number of recruited males/females of age ain
stock s at the start of year t that survive to the end of
the year:

Ry = (R =y ”t) s, (B.1c)

U " isthe number of unrecruited males/females of agea
in stock s at the start of year t that survive to the end
of the year:

Om/fs = U= S (B.1d)

S istheinstantaneous survival rate for animalsof agea,
and is equal to exp(-M,) where M, 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);

C™s is the catch of males/females of age a from stock s
during year t; and

DSS  isthe dispersal rate (i.e. the probability of an animal
moving permanently) from stock sto s'.

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 afew percent of
the size of the recruited stock; and (2) sightings survey
estimates are subject to high variability so that the resultant
dight positive bias in abundance estimates is amost
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.

UM =0.5(1-a) B N/ {1+ A" (1= (N1 KT ) )}
Ry =050y BY N/ {1+ 4° (1= (N 1K/ (C.)
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B® is the average number of live births (both sexes) per
year for mature females in stock s in the pristine
population;

AS isthe resilience parameter for stock s;

Z isthe degree of compensation for stock s;

N;"S isthe number of mature femalesin stock s at the start of
year t:

Zﬂa(R’ UL (2

ap istheproportion of animalsof age0which arerecruited
(assumed to be zero for this case);
Ba isthe 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®s is the number of mature females in stock s in the
pristine (pre-exploitation, denoted by t=-o)
popul ation:

=) BARL+ UL (%)
a=1

The values for the parameters AS and Z° for each stock are
calculated from pre-specified values for MSYL® and MSYR®
as detailed in IWC (1991, p.112). Their calculation ignores
the impact of dispersa and assumes harvesting equal
proportions of males and females.

D. Catches

The operating model considers two sources for non-natural
mortality (incidental catches and commercia catches). In
future (t=2000), the former are pre-specified, while the
latter are set by the RMP. In casesin which the catch limit set
by the RMPislessthan 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, thelevel of the commercial removalsistaken to bethe
difference between the RMP catch limit and the incidental
catch. In trials when future incidental catches are
misreported (sensitivity trial 11 — 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 aways
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 asub-areaisalocated to stocks by sex and agerelative 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.
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Cfskdis the catch of males/females of age a from stock s
in sub-area k during month q of year t; and

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

Each entry in the catch mixing matrix, V%"skd is the
fraction of males/females of age a from stock s which are
found in sub-area k during month g of year t. The catch
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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. Therationalefor thevaluesusedisgivenin IWC
(19973, p.225) and IWC (2003b, pp.459-61). The catch
mixing matrices give the relative fraction of an age-classin
each of the sub-areas during the months April-September.
Oncethe values of the mixing rate parameters y; —yspand n;
—1, 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 yand n 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 matricesfor 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, al 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)

(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 = 2000) commercia catches by sex,
sub-area, month and year are calculated using the
equation:;

7W, 7E, 8W, 8E, 9W, 9E, 12SW, 12NE

(-:n.-'l.f'.-('.tlr - (‘f Q’"-".f'-*-‘f (DZ)

QMtka jsthe 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-areasin April. The elementsin 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

is the commercial catch limit for sub-area k and
year t (t =2000). Note that C¥ 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 iszero 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 entriesin the Q matrix are set using the
entire historic commercia 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 RM P specifications regarding the
sex ratio in catches (IWC, 1999, p.251-9) which state that if
the proportion, P, of femalesin 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/P;. On this event occurring in the trials the quotaiis
reduced.

Incidental catches of minke whales are known to occur off
the Republic of Koreaand Japan but thelevel 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 classin
the same way as for the commercia catches (i.e. using
Equation D.1).

Incidental catch off the Republic of Korea

OPTION (Ki)

Theincidental catch off the Republic of Koreain 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 acomment by Kim that minke whales returned to inshore
areas only gradually after the end of commercial whaling in
1986). It is129in 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 takenin

Table 2
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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 catchinyear tisset at P; =6/pKSS s where 89 isthe
mean catch in 1996-2001 (excluding drifting and stranded
animals) and P¥=€ is the mean 1+ population size (over the
period April-September) in year tin sub-area 6. The catchis
apportioned by month and sex asfor the historic catch above.
The Ki option is used in conjunction with the Ji option used
to specify the catches off Japan.

Table 3(a)

Table of incidental catches by the Republic of Korea by month, provided
by Kim. (The catches for Jan-Apr and for Sep-Dec are combined for input
to the trials).

Monthly Monthly
Monthly catch Monthly catch in 1998  catch in 1999

Month in 1996 catch in 1997 M:F M:F
Jan 7 18 1:5 0:2
Feb 2 5 0:4 1:4
Mar 2 1 0:5 1:2
Apr 8 11 1:5 2:3
May 11 11 2:2 0:2
Jun 7 7 3:5 0:2
Jul 8 3 1:0 1:1
Aug 6 3 0:1 3:6
Sep 7 6 0:2 2:3
Oct 26 6 0:2 3:7
Nov 11 4 1:2 1:1
Dec 34 3 0:3 3:6
Total 129 78 9:36 17:39
OPTION (Kii)

Thehistoric catchisthe same asfor option Ki. Infutureyears
theincidental catchin year tisset at 148 PX=6/P%5S, . where
148 isthe maximum of the actual annual reported bycatch in
1996-2001. The catch is apportioned by month and sex asfor
Option Ki. The Kii option is used in conjunction with the Jii
option.

Sengitivity 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 thereported catches aslisted in Japanese progress

O matrix: the fraction of the catch in sub-area £ that is taken by sex and month for sub-areas other than Residual Areas. Dashes indicate sub-
areas/months for which catch limits are defined to be zero.

Sample Sample
Jan-Apr  May Jun Jul Aug Sep- Dec size Jan-Apr  May Jun Jul Aug Sep- Dec size

Sub-area Males Females
TW 0.127 0.118 0.097 0.108 0.083 0.127 1,760 0.121 0.088 0.043 0.042 0.019 0.028 909
7E 0.0 0472 0.038 0.0 0.0 0.264 41 0.0 0.075 0.0 0.0 0.0 0.151 12
8W 0.0 0.161 0.429 0.0 0.018 0.143 42 0.0 0.036 0.036 0.054 0.036 0.089 14
8E 0.0 0.0 0.118 0.603 0.074 0.118 62 0.0 0.0 0.029 0.015 0.0 0.044 6
oW 0.0 0.016 0.216 0.512 0.080 0.008 104 0.0 0.016 0.048 0.080 0.024 0.0 21
9E 0.0 0.170 0.226 0.038 0.302 0.047 83 0.0 0.047 0.028 0.009 0.132 0.0 23
11 - 0.124  0.108 - 0.034 0.068 186 - 0351 0.245 - 0.022 0.047 369
12SW - 0.0 0.015 0.118 0.118 0.0 17 - 0.0 0.074 0.235 0.368 0.074 51
12NE 0.0 0.008 0.301 0.073 0.098 59 - 0.024 0.041 0.260 0.122 0.073 64
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reports. Future catches are taken in proportion to the
population size in the sub-area and are g|ven by Ck =

CPX/Pk where Pk is the mean 1+ population size (over the
period April-September) in sub-area k from 1996-98 and o
is the reference incidental catch as given in Table 3(c). The
reference catch is 25 whales and it is alocated 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 alevel 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 trid).

Table 3(b)

Table of incidental catches off Japan Option (Ji).
Year/Sub-area 1 2 6 A 10 11 Total
1955-1978! 0 0.1 22 1.1 02 02 3.8
1979 0 0 0 0 0 0 0
1980 0 0 1 2 0 0 3
1981 0 0 0 0 0 0 0
1982 0 0 0 0 0 0 0
19832 0 0 5 1.7 0.7 07 8
1984 0 0 0 2 1 1 4
1985 0 0 2 0 0 0 2
1986 0 1 9 3 0 0 13
1987 0 0 3 1 0 0 4
1988* 0 1.6 4.8 1.6 0 0 8
1989* 0 27 4 1.3 0 0 8
1990 0 1 4 15 0 0 20
1991 0 2 2 1 0 0 5
1992 0 1 7 0 0 0 8
1993 0 4 9 1 0 0 14
1994 0 9 6 1 0 0 16
1995 0 8 12 0 0 0 20
19967 1 11 13 1.3 03 03 27
1997 0 18 8 1 0 0 27
1998 0 9 15 0 0 0 24
1999 1 4 13 1 0 0 19
Total (1979-1999) 2 723  117.8 33.9 2 2 230

ICatches are assumed to begin in 1955 when fishery nets were
substantially improved. Catches are taken to equal the mean values
from 1979 to 1987 (years of commercial whaling). “Catches off
Hokkaido are allocated evenly to sub-areas 7W, 10 and 11. *Catches in
1988 are allocated to sub-areas using information from 1987 and 1989.
*Two individuals in 1989 whose catch position is unknown, were
allocated in proportion to the composition of the 6 of known position.

OPTION (Jii)
Anincidental 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 glven by Ck =

CPX/PX where P is the mean 1+ population size (over the
period April-September) in sub-area k from 1979-99 and C¥
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

Table 3(c)

Table of reference catches C* used in setting future incidental catches

off Japan, Option (Ji). The division of numbers by sub-area are taken
from the incidental catch in years 1996-98 (Table 3(b)).

Year/Sub-area 1 2 6 TW 10 11 Total

Reference catch C¥ 0.3 122 116 07 01 01 25

catches, except in sensitivity trial 11 when the future catch
reported to the RMP is under-reported at alevel 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 reiably (the
RMP is given the true catches for this trial).

Table 3(d)

Table of historic incidental catches and the reference catches C* used

in setting future incidental catches off Japan, Option (Ji7). The division
of numbers by sub-area are taken from the reported incidental catch in
years 1979-99 (Table 3(b)).

Year/Sub-area 1 2 6 TW 10 11  Total

1900 — present 09 314 512 147 09 0.9 100
Reference catch C¥ 0.9 314 512 147 09 0.9 100

Some of the incidental catch off Japan is taken from
sub-areas for which acatch limit is set. For all trialsthe total
catch (commercial + incidental) from the sub-areasis 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 Pecific
minke whales from surveys conducted in August/September
(see Table 5(a)). To alow 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 vaues for the
parameters of the various distributions have been selected to
achieve CVs for Small Areas comparable to those for the
surveysin Table 5(a). The future estimates of abundance for
a Small Area (say Small Area E) are generated using the
formula:

P=PYw/u=P fYw (E1)

Y isalognormal random variable Y = € where

& ~ N[0,62

and o2 = Ln(a? + 1);
w isaPoisson random variable with E(w) = var(w) = u
= (PIP)IB%;
and w are independent;
isthe average current total (1+) population sizein Small
Area (E) over August-September:

T <

i“\+ ( HJ\)

Ima.h;
_ _ Z Z Z Z La HJ La
- - f.5.k.q f.5 I
E kel gedug!/Sept s a=1 \ T i.r:r {R +U tLa )

(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 isthe set of sub-areas making up Small Area E.

Note that under the approximation CV2%(ab) = CV?@a) +
CV23(b): E(P) = P and CV3(P) = o + B2P'IP

For consistency with the first stage screening trials for a
single stock (IWC, 1991, p.109; IWC, 1994, pp.85-6), the
ratio %82 = 0.12:0.025, so that:

CV(P)=1(0.12+0.025P" / P)!? (E3)

and the CV of asurvey estimate prior to the commencement
of exploitation in the area being surveyed would be;

J@*+ B%) =0.387 (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 7. If more than
one abundance estimate exists for a particular sub-area, the
value assumed for tiscalculated taking thetrue CV to bethe
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 7
applicableto each sub-areaare calcul ated separately for each
replicate once the conditioning has been accomplished.

An estimate of the CV, X; is also generated for each
sightings estimate, Py

X, =y (a2 1*/n) (E5)

where 62 = Ln(1+a? + B2P*/P), and x2 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 segmentsin asightings survey inaSmall
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 0.4 is added to the CV

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

a’+ 2 =038°17+0.4 (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 abundancein 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, 19923, p.160), the values of the
biological and technological parametersaretaken to be equal
to those for the North Atlantic minke Implementation
Smulation Trials (IWC, 1992b, p.249), i.e..

re=4 c,=12 where r is recruitment
my,=7 o,=12 where m is maturity
MSYL=0.6

The maturity ogive is modified so that the first age at which
afemale can be mature isthreg, i.e. By = B, = B> = 0.

Natural mortality is age-dependent, and identical to that
for the North Atlantic minke trials:

0.085 ifa<4
M,=40.0775+0.001875a if4<a<20
0.115 ifa=20

Table 4

Years and sub-areas for which survey estimates are available or expected. For areas that are combinations of sub-areas, the last five columns specify
how the survey estimates for the component sub-areas are combined (see also Table 5a and notes thereto). 0=No survey, l=survey.

Sub-area Sub-area Combination
Year 7W  7E  8W 8E 9W 9E Il 12SW 12NE Cl=7+8 (C2=7T+8+11+12 C3=7E+8+12  (C4=9 C5=12
1990 0 1 1 1 1 1 1 1 1 1
1991 1 0 0 0 0 0 0 0 0 1=90+91 1=90+91+92 1=90+91+92 1 =90+92
1992 0 0 0 0 0 0 0 0 1
1999 0 0 0 0 0 0 1 0 0
2000 0 0 0 0 0 0 0 1 1 1
2001 0 0 0 0 0 0 1 1 1 1 =99-03 [
2002 0 0 0 0 1 1 0 0 0 1 =00-03 1
2003 1 1 1 1 0 0 0 0 0 1
2004 0 0 0 0 0 0 1 1 1 1
2005 0 0 0 0 1 1 0 0 0 1 = 04+05+06 1 = 04+05+06 1
2006 1 1 1 1 0 0 0 0 0 1
2007 0 0 0 0 0 0 1 1 1 1
2008 0 0 0 0 1 1 0 0 0 1 =07+08+09 1 = 07+08+09 1
2009 1 1 1 1 0 0 0 1

and so on in this pattern
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Table 5(a)
The abundance data used to condition the trials. Note: the data for sub-areas 7-9 were provided by Miyashita following the 2002
Workshop (IWC, 2003b, pp.455-88). The Working Group on abundance estimates (IWC, 2003b, pp.470-2) reported that the
abundance estimate used previously for sub-area 7 in 1990 was not acceptable for conditioning as the same data were used again
in making the 1991 estimate. This is not the case in the revised estimates below.

Sub- Estimate also

area Timing Estimate CV  used by CLA? Source

6 Aug-Sep 1992 893! 0.670 No Miyashita and Shimada (1994)

7w Aug-Sep 1991 1,164  0.183 Yes Miyashita (inverse-variance weighted average of 1990, 91 and
92 estimates)

7E Aug-Sep 1990 791 1.848 Yes Miyashita (pro-rata to fraction of area from 1990 estimate)

W Aug-Sep 1990 472 0.855 Yes Miyashita (pro-rata to fraction of area surveyed)

8E Aug-Sep 1990 585 1.071 Yes Miyashita (pro-rata to fraction of area surveyed)

oW Aug-Sep 1990 3,226 0.538 Yes Miyashita (pro-rata to fraction of area surveyed)

9E Aug-Sep 1990 5,038 0405 Yes Miyashita {pro-rata to fraction of area surveyed)

10 Aug-Sep 1992 707" 0.570 No Miyashita and Shimada (1994)

11 Aug-Sep 1990 2,120 0.449 Yes Buckland et al. (1992); IWC (1997 p.211)

11 Aug-Sep 1999* 1,456  0.565 Yes IWC (2003b, pp.470-2)

12SW  Aug-Sep 1990 5,244 0.806 Yes Miyashita (CV recalculated after the Workshop, Jan 02)

12NE Aug-Sep 1990 10,397 0.364 Yes Miyashita (CV recalculated after the Workshop, Jan 02)

12NE Aug-Sep 1992 11,544  0.380 Yes Miyashita {(CV recalculated after the Workshop, Jan 02)

"Minimum estimates. Value to be used in trials is 1 standard error less (=295 sub-area 6 and 304 sub-area 10). “Estimate is based
on pooling data from 1999 and 2000 surveys (see IWC, 2003b, pp.470-2). Although the estimate is labelled as relating to year
2000 in IWC, 2003b, pp.470-2 it is labelled here as 1999 as management is considered to begin in year 2000 and other data from

year 2000 are not available.

The MSY R scenarios are specified in Section G. The MSYR
used does not apply to the recruited populations defined for
this model, but rather appliesto 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 y and n
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. Valuesfor the
initial population sizes and the y s and 77 s are then selected
by minimising the negative of a log-likelihood which
containstermsrelated to the target data generated in steps (a)
to (i). The number of animalsin sub-areak at the start of year
t is calculated starting with guessed values of the initial
popul ation sizes and projecting the operating model forward
to 2000 in order to obtain values of abundance etc. for
comparison with the generated data®. (When performing the
projections, mixing is stochastic, and the catches from each
sub-areaare 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 anumber (200) of pseudo datasets based on the
datain Tables 5a and 5b.

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

(@) The target values for the historica 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:

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-tragjectories of the fraction of each stock
in the sub-areas/months for which information is available.

Bf=0Ofexplyf —(01)*/2]  pf ~N[Oy(o/)] (F1)

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

O istheactual survey estimate for sub-areak in year t (see
Table 5a)); and

ok isthe CV of O

=~

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
severa 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 tria
(sensitivity trial 6) has been added to simulate a higher
proportion of *J stock animalsin 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 =20% 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.
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Table 5(b)

Estimates of the proportion of recruited ‘J’ whales used to condition the trials (see text re combining estimates)
Sub-area
(months) Sex Years Estimate SE Data used Source
2 (Apr.-Sep.)  Both 1996-2000 0.705 0.120 mtDNA IWC (2003b), p.455-88
7W (Apr.-Sep.) Both 1983-87, 1996-99 0.028 0.012 mtDNA IWC (2003b), p.455-88
11 (Apr) Females  1984-87 0.623 0.069 mtDNA IWC (2003b), p.455-88
11 (May) Females  1984-87 0.081 0.047 mtDNA IWC (2003b), p.455-88
11 (May-June) Males 1984-87 0.054 0.051 mtDNA IWC (2003b), p.455-88
11 (Jun.) Females  1984-87 0.224 0.101 mtDNA IWC (2003b), p.455-88
11 (Jul.) Females  1984-87, 1999 0.443 0.106 mtDNA IWC (2003b), p.455-88
11 (Jul) Males 1986, 1999 0.201 0.079 mtDNA IWC (2003b), p.455-88
11 (Aug.) Females  1986-87, 1996 0.087 0.071 mtDNA IWC (2003b), p.455-88
11 (Aug.) Males 1986-87, 1996 0.363 0.109 mtDNA IWC (2003b), p.455-88
12SW (Jun.) Both 1973-75 0.278 0.159  Conception/ flipper colour TWC (1997¢), p215°
12SW (Jul)) Both 1973-75 0.041' 0.025 Conception/ flipper colour TWC (1997¢), p215°
12SW (Aug.) Both 1973-75 0.046" 0.028  Conception/ flipper colour IWC (1997¢c), p215*

"Based on the centre of the confidence interval. > The values for area 12SW are taken to equal those sampled in 12S (IWC, 1997, p.215).

(c) Thetrialsare conditioned by fixing the depletion level of
the mature female component of the‘J stock to acertain
percentage of its pre-exploitation size at the start of
2000. Four valuesfor thisdepletion are used in thetrials:
15%, 30%, 50% and 70%.

Baselines A and C: Thefraction of the*O’ (or ‘O, and
‘Og’) stock in sub-area 12 isfixed by setting the fraction
of 1+ non-'J stock animalsin 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’ animalsin sub-area
12 is set equal to the relative abundance of such animalsin
sub-areas 7, 8 and 9W at that time.

(e) The definition of this condition depends on the
underlying stock model —see 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’ abundancein
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 Basdline 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.

Basdline C: The fractions of ‘O, and ‘Og’ stocks in
sub-areas 7, 11 and 12SW are defined such that the pristine
ratio of ‘Oy/:'Og 1+ abundance in August/September in
each of the sub-areas 7 (W+E), 11 and 12SW are equdl i.e.
the ratio of such animalsin sub-area 7 (W+E) is equal both
totheratio in sub-area 11 and to the ratio in sub-area 12SW,
which are themselves equal. In addition, the pristine ratio of
‘Ow’:'Og’ 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:

(d)

K1+,ODO,W — K1+,WDW,O (FZ)

X

KH—,.\' _ Z

a=1

RIS Ll

—0,d —o,a

where (F3)

D ©W and DW'© 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:

D (K1+,WDW,O L K1+,0D0,W)/(K1+,w L K1+,0) (F4)
For Baseline A the level of dispersal between the ‘O’ and
‘W’ stocksis estimated to be extremely small (best estimate
~0.018yr~* — see Adjunct 3), so the Baseline A tridls are
conducted under the assumption of no ‘O’-‘W' dispersal.
For Baseline C the ‘best’” and ‘low’ estimates of the dispersal
rate between the ‘O, and ‘O’ stocks were calculated as
0.0045 and 0.001 from the Fg estimate of 0.0018 (see
Adjunct 3), but the ‘high’ estimate of dispersal rate between
these stocks (corresponding to the observed F4 value being
the upper 5%ile of the distribution for such values when the
rate of dispersal is egual to the ‘high’ estimate) was
essentially infinite. Two ‘high dispersal’ trials are conducted
for Baseline C: Sensitivity trial 2a in which the ‘O’ and
‘Ow’ stocksaremerged into asingle ‘O’ stock (reflecting an
infinite dispersal rate); and Sensitivity trial 2 in which a
dispersal rate of 0.01 between the ‘O¢’ and ‘O, 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.

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’

0]
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abundance in that sub-areain August-September 1995 (a
year whenthe ‘W’ stock is defined to enter sub-area8) is
set at 75% (see Pastene et al., 2002).

For Baseline C the pristine ratio of 1+ animals from the
‘J 1o Og’ stocksin Aug/September in sub-area 7E is set
equa to the ratio of ‘J to ‘O, 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 aternative 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
restrictionisnot needed in Baseline A asthe*J:*O’ stock
ratios in 7W and 7E are defined by means of the
1, parameter in the B and F mixing matrices.

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 © is evaluated as follows:

()

(k)

1 if long < A(lat)
F(lat,long) = { min{l,exp[s(lat)(long — (F5)
A(lat))]} otherwise

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

140+ (lar=30)  iflat <47
Allat) = 17 (F6)
147 otherwise
s(lat) isafunction that determines how rapidly ‘O’
stock density drops with increasing
longitude, i.e.:
(n[p, +(p; — p> lat —30)/17] if lat < 47
s(lat) = 155 A(lar) (F7)
In(p,) /(155 - A(lar)) otherwise

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

point (155°E, 30°N).

The base-case value for p; 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 p, is
assumed equal to 0.01.

The function f W is evaluated as follows:
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exp[ = pys; (162 long(k)) /(162-153) |
1" (k)= if long(k) <153

otherwise 1

(F8)

The base-case value for p;s3 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
Q©9s denote the relative density of whales of sex s (all
stocks) in sub-area group G during month g (see Table 7).
Theraw catch-mixing matrices(i.e. beforeany ¥ sare added,
i.e. VSIka) is given by:

£ (k) A*

D kA
-

where G(K) denotesthe sub-area group to which sub-areak
has been assigned, and
is the area of sub-area k (see Table 6).

I_-.\‘_.f‘f-"tf _ QU[&' )8

(F9)

Ak
The density of 4-year-olds in sub-area 11 isincreased 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 jfactors are used to adjust the raw catch-mixing
matrices. Thevalues used in the mixing matricesaregivenin
Adjunct 1 (see matrices P and Q).

G. Trials

Thefull set of trialsisgivenin Table 9. The sensitivity trials
are variants of the Baseline trials NPM-A, C and D (see
section A).

Thefull set of trialsis based on longitudinal boundaries at
147°E, 150°E, 153°E, 157°E and 162°E although al 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
abundancesin the two sectors given by an n parameter in the
catch mixing matrices).

InBaseline A, the W’ stock occursin sub-area 9 (and 12)
each year with 60% probability, determined by random
selection, except that the simulationswill 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’ ratioin 7E, but it has been assumed to be the same
asthat 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
trids:

Table 6

Areas and representative points for each of the sub-areas (note that sub-area 9N is divided into two for the purposes of this table).

Sub-area
2 3 4 TW 7E 8sW 8E IwW 9E 11 12SW  12NE  9NW INE
Area 672,903 331,509 622,289 63,871 58,272 69,410 93,134 118,972 192,923 59,564 111,260 469,018 95,033 273,060
Longitude 142.1 153.5 163.5 144.5 148.6 151.5 154.9 159.5 166 145.8 146.7 150.1 159.8 166.1
Latitude 33 33.9 34 41.8 42.7 43.6 43.5 43.6 43.6 45.8 49.6 54.8 50.2 53.2
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Table 7

The relative number of animals (all stocks) by sub-area group in various
months. The values for juveniles (age 4) are set to the averages of the
values for males and females.

Month
Sub-area
group April May  June July  August  Sept
Males (age 10)
2-4 0.7 0.3 0.0 0.0 0.0 0.1
TW-9E 0.2 0.3 0.4 0.4 0.5 0.5
ON,11,12 0.0 0.4 0.6 0.6 0.5 0.4
Females (age 10)
2-4 0.7 0.1 0.0 0.0 0.0 0.1
TW-9E 0.1 0.3 0.2 0.2 0.2 0.2
ON,11,12 0.2 0.6 0.8 0.8 0.8 0.7

Table 8

The adjustment factors estimated for the ‘O’ and ‘W’ stocks (the
adjustment factors are assumed to be independent of sex, age and

month).
Sub-area
Stock 1-6 7W 7E 8W-8E 9E-9W 10 11 12SW 12NE 9N
‘O 0 0 0 Yo Yo 0 Yis Y oys O
‘W’ 0 - Y Yo 0 0 - 0 0 s

Tria 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’
animalsin sub-area 12 is set equal to the relative abundance
of such animalsin sub-areas 7, 8 and 9W’ . The catch mixing
matrices are unchanged except that estimable parametersare
added to allow the animals in 9E to migrate to 9N (see
matrices F, and E, 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 C, for
Baselines A and C respectively).

Tria 15 (C tria)

In the base-case trial's, animal s migrate due north, so none of
the animals from sub-area 8 go into sub-area 12SW. In trial
C1-15, some animas 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':'Og’ 1+ abundance (August/September) in sub-areas 7
(W+E) and 8W combined is set equa to the ratio of such
animals in sub-areas 11 and 12 SW combined.

Tria 16 (C trid)

This sensitivity trial involves the most extreme assumption
regarding the extent to which ‘Og’ animals veer east by
excluding ‘Og’ animals from sub-areas 11 and 12SW (see
matrix D,). Thefirst condition in section F(€) above (that the
pristine ratio of ‘Oy,/:‘Og’ 1+ abundance in each of the
sub-areas 7, 11 and 12SW are equal) isnot applicablefor this
trial.

Trial 17 (C trial)

This sensitivity trial involves moving the boundary between
the ‘O, and ‘Og’ stocks from 147°E to 153°E. It is
implemented by modifying the catch mixing matricesfor the
‘O’ and ‘O’ stocks so that no ‘Og’ animals are found in
sub-areas 7E, 8W, 11 and 12SW and so that ‘O, animals
arefound in sub-areas 7E and 8W (see catch mixing matrices
Csand D3). A dispersal rate of 0.01 between the ‘O, :' O’
is assumed (see Adjunct 3).

Trial 18 (C tria)

This sensitivity trial is implemented by replacing the
base-case catch-mixing matrix for the ‘O’ stock by onein
which the ‘O, stock is aso found in sub-areas 7E and 8W
(see catch mixing matrix C3). The two extra constraints
needed to implement this sensitivity tria are that the
pre-exploitation split of 1+ animals (August-September)
between the ‘O, and ‘O’ stocks in sub-areas 7E and 8W
are 2:1 and 1:2 respectively. An ‘Oy/:*O¢’ dispersal rate of
0.00725 is assumed for this trial (being the average of the
base-case ‘Oy/': ‘O’ dispersal rate and that used for trial
C1-17).

Trial 19 (C trid)

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 ‘Og’ animals. It is implemented by
excluding the ‘W’ stock from sub-area 9 and modifying the
catch-mixing matrix for theOg’ stock to allow ‘Og’ animals
in sub-area 9E (see catch mixing matrices D, and E3). A
dispersal rate of 0.00725 between the 'Oy, :*O¢’ isassumed
(see Adjunct 3).

Trial 21 (D trial)

More rapid decline in ‘O’ relative density with longitude.
This sensitivity trial involves changing the p; parameters to
(0.2, 0.069 and 0.069) for males, femaes and juveniles
respectively, and changing the p,s3 parametersto (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 p, parameters to
(0.5, 0.21 and 0.21) for males, femaes and juveniles
respectively, and changing the p,s3 parametersto (0.2, 0.069
and 0.069) for males, females and juveniles respectively.

Tria 25 (D trial)

Increased proportion of both sexesin mixing matrix N. This
sengitivity 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.

Tria 26 (D trial)

Decreased proportion of both sexesin mixing matrix N. This
sengitivity 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 (p4, p,) 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 trid)

Increase ‘O’ : ‘W’ ratio in 12 — differential migration. This
sensitivity trial involvesincreasing the entriesfor 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’ ratioin 12 —'O’ stock in sub-area 9. This
sensitivity trial involves changing the relative density of ‘O’
animalsin sub-areas 9W and 9E until theratio of ‘O’ to ‘W’
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Table 9

Implementation Simulation Trials for North Pacific minke whales. All trials are run using both the J1 and J2 incidental catch options.

6a: Baseline trials.

Trial No. No. of ‘J’ status
NPM- MSYR stocks Mixing Matrices in 2000  Description
A 1% & 4% 3 A/B F K/L(60:40) 30% K 3 stocks with 2 in sub-area 9
B 1% & 4% 2 A/B G 30% K 2 stock variant
C 1% & 4% 4 A/B CDE 30% K 4 stocks with hard boundary at 147°
D 1% & 4% 3 A/B P Q 30% K 3 stocks with mixing gradient (all moving left)
6b: Sensitivity trials. *** notrun §: trial added during SC 2003 meeting
Sensitivity ‘J” status
Baseline  trialno. ~ MSYR Mixing matrices in 2000  Description
Al 3 1% A/B F K/L(60:40) 15% K 15% ‘)’ stock depletion
Al 4 1% A/B F K/L(60:40) 50% K 50% ‘J’ stock depletion
Al 5 1% A/B F K/L(60:40) 70% K 70% ‘J’ stock depletion
A4 5 4% A/B F K/L(60:40) 70% K 70% ‘)’ stock depletion
Al 6 1% A/B F K/L(60:40) 30% K 20% ‘)’ in sub-area 12SW (or maximum achievable)
Al 7 1% A/B F K/L(60:40) 15% K 15% ‘)’ stock depletion + 20% ‘J” in 12SW (or maximum achievable)
Al 8 1% A/B F, K/L(60:40) 30%K  Some whales from 9 go east of Kamchatka (162° line). See Item F.d.
Al 9 1% A/B F/H K/L(60:40) 30% K  Some ‘O’ animals in sub-area 10
Al 10 1% A/B F K/L(60:40) 30% K g(0)=0.5 (see item F.f)
Al 11 1% A/B F K/L(60:40) 30% K  Misreport Japan incidental catch (¥4 in opt Ji and /4 in opt Jii)
Al 12 1% A/B F K/L(60:40) 30% K  Different Korean bycatch model (constant future catch = 89)
Al 13 1% A/B F K/L(60:40) 30% K  Different Japanese incidental catch level (50 in opt Ji and 150 in Jif)
Al 14 1% A/B F M/L(60:40) 30%K  Sensitivity to A: some ‘W’ in 8 (see Item F.i)
Al 23 1% A/B F K/L(60:40) 30% K 40% additional variance in CV supplied to CLA (see item 10.1)
Al 24 1% A/B F K/L(60:40) 30% K Sub-area 11 closed in all months + sub-area 12SW closed in June
Al 30 § 1% A/B F K/L(60:40) 30% K As for trial A10 except the abundance estimates used by the RMP are unbiased
Cl 1 1% A/BCDE 30% K  Lower dispersal rate
C4 1 4% A/B CDE 30% K  Lower dispersal rate
Cl 2 1% A/BCDE 30% K Higher dispersal rate
Cl 2a 1% A/B NE 30% K Single O stock i.e. infinite dispersal rate
Cl 3 1% A/B CDE 15% K 15% ‘J’ stock depletion
Cl 4 1% A/BCDE 50% K 50% ‘J’ stock depletion
Cl 5 1% A/BCDE 70% K 70% ‘)’ stock depletion
C4 5 4% A/BCDE 70% K 70% ‘J’ stock depletion
Cl 6 1% A/BCDE 30% K 20% ‘)’ in sub-area 12SW (or maximum achievable)
Cl 7 xx* 1% A/BCDE 15% K 15% ‘)’ stock depletion + 20% J* in 12SW (or maximum achievable)
Cl 8 1% A/B CDE, 30% K  Some whales from 9 go east of Kamchatka (162° line). See Item F.d.
Cl 9 1% A/B C/C;DE 30% K Some ‘Oy’ animals in sub-area 10
Cl 10 1% A/BCDE 30% K g(0)=0.5 (see item F.f)
Cl 11 1% A/BCDE 30% K Misreport Japan incidental catch (*4 in opt Ji and /4 in opt Jii)
Cl 12 1% A/B CDE 30% K  Different Korean bycatch model (constant future catch = 89)
Cl 13 1% A/BCDE 30% K Different Japanese incidental catch level (50 in opt Ji and 150 in Jii)
Cl1 15 1% A/B CDE 30% K More ‘Og’in 12 SW. See Item F(e).
Cl 16 *** 1% A/B C DE 30% K  No‘Og’in 11 or 12 SW.
Cl 17 1% A/B C3D;E 30% K  Hard ‘Ow’/‘Og’ boundary at 153°
C1 18 *** 1% A/B C:D E 30% K ‘Ow’ and ‘Og’ mixing between 147°E and 153°E. See Item F.e
Cl 19 1% A/B C D4Es 30% K  Further intrusion of ‘Og’ into sub-area 9
Cl 20 1% A/B 1J E 30% K Intrusion with mixing: ‘Ow’ and ‘O’ mixing in 7 and 8
C4 20 4% A/B 1J E 30% K  Intrusion with mixing: ‘O’ and ‘O’ mixing in 7 and 8
Cl 23 1% A/BCDE 30% K 40% additional variance in CV supplied to CL4A (IWC, 2003, pp.463-5)
Cl 24 1% A/BCDE 30% K  Sub-area 11 closed in all months + sub-area 12SW closed in June
Cl 30 § 1% A/BCDE 30% K As for trial C10 except the abundance estimates used by the RMP are unbiased
D1 3 1% A/BPQ 15% K 15% ‘)’ stock depletion
D1 4 1% A/BPQ 50% K 50% ‘J’ stock depletion
D1 5 1% A/BPQ 70% K 70% ‘J’ stock depletion
D4 5 4% A/BPQ 70% K 70% ‘)’ stock depletion
D1 6 1% A/BPQ 30% K 20% ‘)’ in sub-area 12SW (or maximum achievable)
D1 7 1% A/BPQ 15% K 15% ‘J’ stock depletion + 20% ‘J’ in 12SW (or maximum achievable)
D1 10 1% A/BPQ 30% K g(0)=0.5 (see item F.f)
D1 11 1% A/BPQ 30% K  Misreport Japan incidental catch (*4 in opt Ji and /4 in opt Jii)
D1 12 1% A/BPQ 30% K  Different Korean bycatch model (constant future catch = 89)
D1 13 1% A/BPQ 30% K  Different Japanese incidental catch level (50 in opt Ji and 150 in Ji7)
Dl 21 1% A/B P,Q, 30% K More rapid decline in O relative density with longitude
D1 22 1% A/B P;Q; 30% K  Less rapid decline in O relative density with longitude
D1 23 1% A/BPQ 30% K  40% additional variance in CV supplied to CLA (see item 10.1)
D1 24 1% A/BPQ 30% K Sub-area 11 closed in all months + sub-area 12SW closed in June
D1 25 1% A/B P4Qq 30% K Increased proportion of both sexes in N
D1 26 1% A/B P4Qq 30% K  Decreased proportion of both sexes in N
D1 27 1% A/B P/Py/P3 Q/Q,/Qs 30% K  Random selection of mixing matrices
D1 28 1% A/BP Q 30% K  Increase O:W ratio in 12 with differential migration
D1 29 1% A/B PsQs 30% K Increase O:W ratio in 12 with O stock in sub-areca 9
D1 30 § 1% A/BP Q 30% K As for trial D10 except the abundance estimates used by the RMP are unbiased
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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).

Tria 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 trids 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, Mediumand 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 aternative 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) 7TW, 7TE+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 dight impact
on performance).

LARGE AREA
There is no Large Area.

|. 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 thetotal catches
(commercial and incidental) and for the commercial catches
alone.
(1) Tota catch (TC) distribution: (a) median; (b) 5thvalue;
(c) 95th value.
(2) Initidl mature female population size (Pgg)
distribution: (a) median; (b) 5th value; (c) 95th value.
(3) Final mature female population size (Ps) distribution:
(a) median; (b) 5th value; (c) 95th value.
(4) Lowest maturefemale population over 100 years (Pigw)
distribution: (@) 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
commercia): (a8 median; (b) 5th value; (c) 95th
value.

(7) The median percentage of mature ‘J stock femalesin
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) Themedian 1+ population sizefor animalsin 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 whaes in the tota
(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 1

The catch mixing matrices (the sightings mixing matrices are calculated from the catch
mixing matrices for August and September).

The values of the yand 7 parameters are estimated during conditioning. Differences from the basecase matrices are
shown shaded. Note: except in Baseline D, all of the ‘J’ stock animals in sub-areas 12SW+12NE occur in sub-area
12SW whilst all of the ‘W’ stock animals in sub-areas 12SW+12NE occur in sub-area 12NE. The specification
regarding the proportion of ‘J’ stock animals in sub-area 12SW is based on the analyses of the flipper colour
information which indicates a high proportion of ‘J* stock animals in that sub-area in June (see Table 7b). The
shaded columns highlight differences from the base case.

Month Sub-area Month Sub-area

/Age- /Age-

class 1 2 34 5 67W 7E 8W 8E 9W 9E 10 11 12SW 12NE 13 class 12345 6 7W 7E 8W 8E 9W 9E 10 11 12SW 12NE 13
Matrix A: ‘J” Stock used in all Baselines (in 50% of years) Matrix F: ‘O’ Stock used in Baseline A (all years)

Y12= Y2(Yut2v16) Vis=/2(Y2t114) Vio=Va(Yatv1a) Y20="2(yntyie) Y23=Va(Ysty22)

Age 4 Age 4

Apr 12, 0 0 1 1.0 0 0 0 0 0 1 n 0 0 0 Apr 02000 0 4 4m 4y dmye vis s O v 0 0 0
May O0y7 O O 1. 1.0 0 O O O 0 2 s 0 0o 0 May 01000 0 4 4n 4y 4y s Nsvis 0 v7 0 Ye Na¥s 0
Juwé € 00 0O 11 0 0 0 O 0 0 2 v 0 0 0 Jun 00000 0 4 4n; 4y 4my Yis Mvis 0y Y6 Nays 0
Ju 00 00 110 0 0 0 0 0 1 v» 0 0 0 Jul 00000 0 4 4n; 4y 4my Yis Mvis 0y Y6 Nays 0
Aug 00 0 0 1 1.0 0 O O O 0 1 T2l 0 0o 0 Aug 00000 0 4 dn 4y 4my 1is Mayis 0 v Y6 nays 0
Sept 10 0 0 120 0 0 0 0 0 1 7o 0 0o 0 Sept 00000 0 4 4n 4y 4oy Yis Mayis 0 yo 0 0 0
Age 10 — male Age 10 — male

Apr 12y 0 0 1.1 0 0 O O O O 1 m 0 0 0 Apr 02000 0 4 4n 4y dnaye 2yis 2ns3yis O gy Y6 nays O
May Oy7; O O 1 1.0 0 O O O O 2 74 0 0 0 May 01000 0 4 4n 4y 4ny 3y1s 3mayis 0 77 Y6 nays O
Juswm 00 OO 11 0 O O O O O 2 v4 O 0 0 Jun 00000 0 4 4ny 4y 4y 4yis 4nayis 0 v7 v Naye O
Juo 00 00 11 0 0 0 O O 0 1 v2 O 0 0 Jul 00000 0 4 4ny 4y 4mye 4yis 4nayis 0 v7 v Naye O
Augg 00 0 0110 0 O O O O I v 0 0 0 Aug 00000 0 4 dn dyy dnay dyis dnayis 0 v ve Naye O
Sept 1 0 0 0 120 0 O O O O 1 v 0 0 0 Sept 00000 0 4 4n, 4y 4y 3yis 3ayis 0 Y7 Ve Naye O
Age 10 — female Age 10 — female

Apr 12y 0 0 1 1.0 O O O O O 1 T 0 0 0 Apr 02000 0 4 4n 4y 4oy 2y1s 2n37is O 277 2v6  2Mays 0
May Oy7 O O 110 0 O O O O 2 T 0 0 0 May 01000 0 2 2n1 279 2Maye Yis MsYis O 2y7 36 3Mave 0
Jn 00 0 0O 110 0 O O O 0 2 VY4 0 0 0 Jun 00000 O 1 m Yo MaYo Y15 Mavis O 2y7 3y 3nays O
Ju 00 00 110 0 0 0 0 0 1 s 0 0 0 Jul 00000 O 1 m Yo Mo Yis Mavis O 2y7 3y 3nays O
Aug 00 0 0 1 1.0 0 0 O 0 0 1 2y O 0 0 Aug 00000 0 1 M Y MYe vis Mnis O 2y 2y 2nays O
Sept 1 0 0 0 120 0 0 0 0 0 I ves O 0 0 Sept 00000 0 1 M Y MY Yis Mavis 0y v nays 0

Matrix B: ‘J° Stock used in all Baselines (in 50% of years) y,= "4(y11+2y1s) Matrix K: ‘W’ Stock used in Baseline A (in 60% of years)
Yis= Y2(yaty14) - vio= Ya(yatyia) v a(yntyie)  Y2s=va(ystya2)

Age 4 Age 4

Apr 12y, 0 0 1 1L y535 my3 0 0 0 O 1 vy 0 0 0 Apr 00110 0 O 0 o 0 o0 0 0 0 0 0 0
May Oy 0 0 1 1 vy3 myis 0 0 0 0 2 vy 0 0 0 May 00110 0 O 0 0o 0 o0 0 00 0 0 0
Jun 00 00 1 1 ys myzs 0 0 0 0 2 vy 0 0 0 Juw 00110 0 O 0 0o 0 o0 0 0 0 0 0 0
Juu 00 00 1 I y3 myz 0 0 0 0 1 y53 O 0 0 Jul 00110 0 O 0 o 0 0 0 0 0 0 0 0
Aug 00 00 1 Lys mys 00 0 0 1 y,8 0 0 0 Aug 00110 0 0 0 o 0 0 0 0 0 0 0 0
Sept 1 0 0 0 1 2 y3 myzs 0 0 0 0 1 v 0O 0 0 Sept 00110 0 O 0 0o 0 0 0 0 0 0 0 0
Age 10 — male Age 10 - male

Apr 12y, 0 0 1 1 vy3 my3 0 0 0 O 1 vy 0 0 0 Apr 00220 0 0 0 0 0 2 0 00 0 Yo 0
May Ovy7 0 0 1 1 y3 miys3 0 0 0 0 2 vyu 13 0 0 May 00110 0 O 0 0 0 3 0 0 0 0 Yo O
Jn 0 0 0 0 1 1 yi3 mys 0 0 0 0 2 vy v 0 0 Jun 00000 O O 0 0 0 4 0 00 0 PATIREY
Juu 00 00 1 1 y3 mys 00 0 0 1 yn s 0 0 Jul 00000 O O 0 0 0 4 0 0 0 0 PATTIY
Aug 0 0 0 0 1 I yi3 mys 0 0 0 O 1 vy s 0 0 Aug 00000 O O 0 0 0 4 0 00 0 Yo 0
Sept 1 0 0 0 I 2 y3 myz 0 0 0 0 I yy; O 0 0O Sept 00000 O O 0 0 0o 3 0 00 0 Yo O
Age 10 — female Age 10 - female

Apr 12y7,0 0 1 1 y3 my3 0 0 0 0 1 7y 0 0 0O Apr 00220 0 O 0 0 0o 2 0 0 0 0 Yo 0
May 0970 O I I y35 mys 0 0 0 0 2 v v 0 0 May 00110 O O 0 0 0 1 0 0 0 0 PATTIY
Jn 0 0 0 0 1 1y mys 00 0 0 2 vy 13 0 0 Jun 00000 O O 0 0 0 1 0 00 0 2yo O
Jul 0000 11wy myz 00 0 0 1 vy ys 0 0 Jul 00000 O O 0 0 0 1 0 00 0 3y0 0
Aug 0 0 0 0 1 1 y3 mys 0 0 0 O 1 2y s 0 0 Aug 00000 O O 0 0 0 1 0 00 0 30 O
Sept 1 0 0 0 12y my3 0 0 0 0 1 v O 0 0O Sept 00000 0 O 0 0 0 1 0 00 0 2v0 O

Cont.
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Month Sub-area Month Sub-area
/Age- /Age-
class 12 3 4 5 67W 7E 8W 8E 9W 9E 10 11 12SW 12NE 13 class 1 234 5 67W 7E 8W 8E 9W O9E 10 11 12SW I2NE 13
Matrix L: ‘W’ Stock used in Baseline A (in 40% of years) Matrix M: ‘W’ Stock. As Matrix K but allowing ‘W’ stock into sub-area 8
and 9E (Sensitivity trial 14, 60% of years)
Age 4
Apr o0 0 000OO O O O O O o0 O o 0 1 Apr oo0o11 000 0 O O O 0O O O0 o0 0 0
May 00 00000 O O O O O O O o 0 1  May oo11r 000 o0 o0 O O O O o0 o 0 0
Jun o0 00 00O O O O O O O 0 o 0 1 Jun oo0o11 000 0O O O O 0O O 0 o0 0 0
Jul o0 000 00O O O O O O O O o0 0 1  Jul oo0o11 000 O O O O O O o0 o0 0 0
Aug o0 00 00O O O O O O O 0 o 0 1 Aug oo0o11 000 0 O O O O O O o0 0 0
Sept 00 0000O0O O O O O O O O 0 0 1 Sept 0 011 0 0 O O O 0 0O 0 0 0 0 0 0
Age 10 — male
Apr 00 000O0OO O 0 O O O O 0 O 0 1 Apr 0 022 0 0 0 0 4y MYl 2 203 0 0 0 7y O
May 0000000 O O 0O 0O 0 O 0 0 0 1 May 0 011 0 0 0 O 4ypp 4Myae 3 3m3 0 0 0 vy O
Jun 0000000 O O O 0 0 O 0 0 0 1 Jun 0 000 0 0 0 Ofdy dMayso 4 [d4m3 O 0 0 2y, O
Jul 00 000O0O0 O 0 O O O O 0 O 0 1 Jul 0 000 0 0 0 O 4dysp 4mayse 4 4ms 0 0 0 2y, O
Aug 00 000O0OO0O O O O O O O 0O O 0 1 Aug 0 000 0 0 O O 4y 4MiYso| 4 403 0 0 0 7y O
Sept 00 000O0O0 O 0 O O 0O O 0 O 0 1 Sept 0 000 0 O O O 4yp 4Myse 3 3m3 0 0O 0 vy O
Age 10 — female
Apr 0 000000 O O 0O 0O 0 0 0 0 0 1 Apr 0 022 0 0 0 Ofdysp 4Mays0 2 (203 O 0O 0 7y O
May 00 00 O0O0OO O O O O O O 0 O 0 1 May 0 OI11 0O O O 2y 2n¥ ! M3 0 0O 0 2y 0
Jun 00000O0OO0O O O O O 0O O 0 O 0 1 Jun 0000 0 0 0 O Y MaYso ! M 0 0 0 2y 0
Jul 0000000 O O O 0O 0 O 0 0 0 1 Jul 0000 0 0 0 O ¥ M¥so 1 M 0 0 0 3y 0
Aug 0 0 00O0O0OO O O O O 0 O 0 0 0 1 Aug 0 000 0 0 0 O ¥ Myl ! (M3 0 0 0 3y, O
Set 0 0 00 00O O O O O O O O O 0 1 Sept 0 000 0 0 0 O % Mool | M3 0 0O 0 2y O
Matrix F,: ‘O’ Stock used in Baseline A sensitivity trial 8: 9E animals Matrix G: ‘O’ Stock used in Baseline B (2 stock model, in all years)
migrate into 9N (all years)
Aged 13/9N Age 4
Apr 0200 0 0 4 4n; 4y 4My vis Mayis 0y, O 0 [0 Apr 0211 0 0 4 4n 4y 4% Yis Mwhs 0 7 0 0 0
May 0 1 0 0 0 0 4 4n 4y 4mp Yis Mvis 0y Y MY | Yos| May 0 111 0 0 4 4n; 4w 4y s MYis 0 v Y% Ma¥s O
Jun 00 0 0 0 0 4 4n 4y 4m¥ Yis MYis 0V Y MNaYs [Yoa Jun 0011 0 0 4 4n 4y 4m¥ Yis WNs 0 v Y6 Ma¥s O
Jul 000 0 0 0 4 4n 4y 4% Yis Mvis 0 Y Mo | Yog Jul 0 011 0 0 4 4 4y 4y %s MYis 0 v % Ma¥s O
Aug 0 0 0 0 0 0 4 4m 4y 4my Mis MYis Oy Y6 Ma¥s [Yoa Aug 0 011 0 0 4 4n 4y 4y vis MaVis 0 ¥7 Y% Ma¥s O
Sept 00 0 0 0 0 4 4n 4y 4MY 7s Msyis 0y, O 0 0 Sept 0011 0 0 4 4n 4y 4% Yis MsYis 0 17 0 0 0
Age 10 — male Age 10 — male
APr 0 2 0 0 0 0 4 4n 4y 4y 2%is 205%is O pr Y6 MaYe | Yau AP 0 222 0 0 4 4n 4p 4y 2%s 2031is 0 7 Y MaYs O
May 0 1 0 0 0 0 4 4m 4y 4m¥ 37s 3NYis 01 Yo Ma¥s | Yos May 0 111 0 0 4 4n 4y 4% 3vs3MsYs 0 7 Y% MaYs O
Jun 0 0 0 0 0 0 4 4n 4y Ay 4vis ANYis OV Ve TaYe |Yaa JUD 0 000 0 0 4 4n; 4y 4y 4ys4nsms 0 v Y Ma¥s O
Jul 00 0 0 0 0 4 4n 4y 4M¥ 4ys 4NaYis 0V Yo MaYe | You W 0 000 0 0 4 4n 4y 4y 4ys 4Nsys 0 17 Y MaYs O
Aug 0 0 0 0 0 0 4 4n 4y 4my 4vis 403vis 0y Y6 MaYe |Yea| AUS 0 000 0 0 4 4n 4y 4ny 4nis Mmis 0 7 % Mave O
Sept 0 0 0 0 0 0 4 4ny 4y 4N 3ns3NYis 0, Yo Ma¥s [Yoa SPL 0 000 0 0 4 4ny 4y 4mp 3yis 3Msyis O ¥ Y% Na¥s O
Age 10 — female Age 10 — female
Apr 020 0 0 0 4 4n; 4y 4M% 2vis 2N3Yis 0 2y 295 2M4Ys | 2904 APT 0 222 0 0 4 4n, 4y 4my 27is 2037 0 2y 2% 2MYs O
May 0 1 0 0 0 0 2 21 2y 2% Ws Msvis O 2y 3% 3nay [3s May 0 111 0 0 2 2n 2y 2% Ws Msvis 0 217 3%  3Nays O
Jun 000000 1 m Y MY Ws MYis 02y 3 3N 3ps Jun 0000 0 0 1 m ¥ MY ms Mnis 02y 3% 3Ny O
Jub 000000 1 m % Mow ws Mhs 02y 3% 3Ny 3 Ul 000000 1 M % Mp %s Nhis 02 3% 3nays O
Aug 000000 1 M Y MY Ys Navis 02y 2% 2N4Y | 20as AU 0000 0 0 1 M Y% MY Ys MVis 02y 2% 24y O
Sept 00 0 0 0 0 1 M % MY Yis MNYis 0 ¥ Y MNa¥s [YPoa SPL 0 000 0 0 1 M % Mo %s Mhs O ¥ Y% Ny O
Matrix H: ‘O’ Stock. As matrix F but allowing ‘O’ stock into sub-area 10 Matrix C: ‘Ow’ Stock used in Baseline C (all years)
(Sensitivity trial 9, all years) v,,="2y;
Age 4
Apr 0 2 0 0 0 0 4 4n 4y 4m¥ ms Myis 0 yp 0 O O Apr 0 200 0 0 4 0 0O 0 0 0 0y O 0 0
May 0 1 0 0 0 O 4 4n; 4y 4M¥ Yis MaVis (¥ V7 Y Ma¥e O May 0 100 0 0 4 0 O O O O Oy Y 7Yu O
Jun 000 0 0 0 4 4n 4y 4mp Nis M%is (¥ V7 Y6 TNa¥e O Jun 0 000 004 0 0 0 0 0 0¥ Y Y4 0
Jul 00 0 0 0 0 4 4n; 4y 4MY Yis MWis ¥ V7 Yo TNaYs O Jul 00000 0 0 4 0 O 0 0 0 0y Y% Yu O
Aug 0000 0 0 4 4n 4y 4mp Ns Mns | 0 v % Ma¥e 0 Aug 0000 004 0 0 0 0 0 0% Y Y O
Sept 0 0 0 0 0 0 4 4n, 4% 4my Ys Mys 0 3 O 0 O Sept 0 000 00 4 0 0 O 0 0 0y O 0 0
Age 10 — male Age 10 — male
Apr 0200 0 0 4 4n 4y 4my 2vis 2nans| 01 v7 % Ma¥vs O Apr 0200004 0 0 0 0 0 O0Ov Y Y4 O
May 0 1.0 0 0 0 4 4n 4y 4my 3vis 3mYis Y| ¥ Y Na¥e O May 0 100 00 4 0 0 0 0 0 0¥ Y Y4 0
Jun 00 0 0 0 0 4 4n; 4y My 47is 4N3Yis Y1 V7 Yo Ma¥s O Jun 00000 0 0 4 0 O 0 0 0O 0y Y% Yu O
Jul 00 0 0 0 0 4 4n; 4y 4MYo 4vis 4N3vis Y. V7 Yo Ma¥s O Jul 0 000 004 0 0 0 0 0 0¥ Y Y4 0
Aug 0 0 0 0 0 0 4 4n; 4y 4my 4vis4nsvis| 0 v Y% Ma¥e O Aug 0 000 O O 4 0 O O O O Ov Y 7Yu O
Sept 0 0 0 0 0 O 4 4n 4y 4n0% 375 3MsYis/ 01 v ¥ Ma¥e O Sept 0 000 0 0 4 0 0 O 0 0 O vy Y 7Yu O
Age 10 — female Age 10 — female
Apr 0 2 0 0 0 0 4 4n 4y 4my 2vis 2Nyis, 0 277 2% 2n4% O Apr 0 200 0 0 4 0 0 0 0O 0 02y 2y 29 0
May 0 1 0 0 0 O 2 2m; 2y 2MY Yis MaYis (2% 2Y7 3% 3M4¥%¢ O May 0 100 0 0 2 0 O O O 0 02y 37% 3y O
Jm 00 00 0 0 1 M Y MY Ts MYis 291 2% 3% 3% O Jun 0 000 0 0 1 0 0 0 0O 0 02y 3y 3% 0
Jul 00 0 0 0 0 I M Y MY Yis MYis 2% 2Y7 3% 3NaYs 0 Jul 0 000 O O 1 0 0 0 0 0 02y 3% 37 0
Aug 0000001 m % Mp Ns MWs| 02y 2y 2% 0 Aug 0000001 0 0 0 0 0 02y 2% 2y O
Sept 00 0 0 0 0 I M Y MY Ys MVis 0 ¥ ¥% M¥e O Sept 0 000 0 0 1 0 O O 0 0 0y v Ya O
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Month Sub-area Sub-area
/Age- Month/
class 12 3 456 7W 7E 8W 8E 9W O9E 10 11 12SW 12NE 13 Ageclass 1 23456 7W 7E 8W S8E 9W O9E 10 11 12SW 12NE 13
Matrix D : ‘Og’ Stock used in Baseline C (all years) Matrix Cs: ‘O, Stock used in Baseline C sensitivity trials 17+18: Ow
stock boundary moved from 147° to 153° (all years)
Age 4 Age 4
Apr 02 4 000 0 4 4y 4mp 0 0 0 vys O 0 0 Apr 020000 4 4 4ns O O 0 0 vy 0 0 0
May 01 2 000 0 4 4yy 4my 0 0 0 7vyas 7y Y29 0 May 010000 4 4ny 4ns O O O O vy Yo Va4 0
Jun 00 0 000 O 4 4yy 4mye 0 0 0 v5 v Y29 0 Jun 0 00000 4 4ny 4ns O O O O vy Yo Va4 0
Jul 00 0 000 0 4 4y 4mye 0 0 0 1v5 v Y29 0 Jul 0 00000 4 4ny 4ns O O O O vy Yo Va4 0
Aug 00 0 000 O 4 4y 4nay9 0 0 0 7v25 7y Y29 0 Aug 0 00000 4 4ny 4ns O O O O vy Y6 Vo4 0
Sept 00 0 000 0 4 4y 4y 0 0 0 75 0 0 0 Sept 0 00000 4 4 4ms 0 0 0 0 v, 0 0 0
Age 10 — male Age 10 — male
Apr 02 4 000 0 4 4yy 4my 0 0 0 7y v Y29 0 Apr 0 20000 4 49 4ms O O O 0 vy Yo Va4 0
May 01 2 000 0 4 4y 4myp 0 0 0 7y 7y 7y 0 May 0 10000 4 4 4ns 0 0 0 0 v v 7y O
Jn 00 0 000 0 4 4y 4myp O 0 0 725 7% 7Y O Jun 0 00000 4 4 4ms 0 0 0 0 v v 7y O
Jul 00 0 000 0 4 4y 4mye 0 0 0 7v5 v Y29 0 Jul 000000 4 4ny 4ns O O O O vy, Yo Va4 0
Aug 00 0 000 O 4 4yy 4myy 0 0 0 7v5 v Y29 0 Aug 000000 4 4ny 4ns O O O O vy, Yo Va4 0
Sept 00 0 000 0 4 4y 4myy 0 0 0 7vyas 7y Y29 0 Sept 000000 4 4ny 4ns O O O O vy, Yo Va4 0
Age 10 — female Age 10 — female
Apr 02 4 000 0 4 4yy 4my 0 0 0 2y»5 2y% 2y O Apr 020000 4 4y 4ms O O O O 2y; 2y 2y O
May 01 2 000 O 2 2y 2my O 0 0 2y»5 3y 3y O May 0 10000 2 2my 2ns O O O O 2y; 3y 3y O
Jun 00 0 000 O I 'y My O 0 0 2y 3y 3y O Jun 000000 I m: ms 0 0 0 0 2y7 3y 3vyu O
Jul 00 0 000 0 1 vy mMye 0 0 0 2ys 3y 3y 0 Jul 000000 1 m ms O 0 0 0 2y 3ys 3y O
Aug 00 0 000 0 1 7y mye O 0 0 2y 2y 2y 0  Aug 000000 1 m ms O 0 0 0 2y 2y 2y O
Sept 00 0 000 0O I y mayoe O O O 7425 72 7 O  Sept 000000 1 m =ms O 0 0 0 v v 7y O
Matrix E: ‘W’ Stock used in Baseline C (all years) Matrix D, : ‘Og’ Stock used in Baseline C sensitivity trial 16: No Og
animals in 11 or 12SW (all years)
Age 4 Age 4
Apr 00 0 1000 0 0O O I =m3 0 0 0 0 0 Apr 0 24000 0 4 4y 4q0 0 0 0 0 0 0
May 00 O 100 O O O 0 1 m 0 O 0 0 0 May 0 12000 0 4 4y 4my 0 0 0 0 0 Y29 0
Jun 00 0O 100 0 O O 0 1 ms 0 O 0 0 0 Jun 0 00000 O 4 4yg 4mye 0 0 0 O 0 Y29 0
Ju 00 0 1000 0 0 0 1 m5 0 O 0 0 0 Jul 000000 O 4 4y 4my 0 0 0 0 0 Yo 0
Aug 00 0 100 0 0 O 0 1 n5 0 O 0 0 0 Aug 000000 O 4 4y 4my 0 0 0 -0 0 Yo 0
Sept 00 0 100 0 O O 0 1 m3 0 O 0 0 0 Sept 0 00000 O 4 4y 4my 0 0 0 0 0 0 0
Age 10 — male Age 10 — male
Apr 00 0 2000 0 0 0O 2 2n5 0 0 O vy O Apr 024000 0 4 4y 4ny 0 0 0 0 0  vu O
May 00 0 1000 0 0 O 3 3n5 0 0 0 v O May 012000 0 4 4y 4ny 0 0 0 0 0  vu O
Juw 00 0 0000 0 O O 4 4n3 0 0 0 2y O Jun 000000 0 4 4y 4nys 0 0 0 .0 0  vo O
Jul 00 0 0000 O O 0 4 4n; 0 O 0 2vi0 O Jul 000000 O 4 4y 4y 0 O 0 © 0 0 Y29 0
Auig 00 0 0000 0O O O 4 4n3 0 0 0 7y 0 Aug 000000 0 4 4y 4ny 0 0 0 0 0 v O
Sept 00 0 000 O O O 0 3 3n5 0 0 0 Yio 0 Sept 000000 O 4 4y 4mye 0 0 0 [0 0 Y29 0
Age 10 — female Age 10 — female
Apr 00 0 200 0 0 O 0 2 2n3 0 O 0 Yo 0  Apr 02 4000 0 4 4 4ny 0 0 0 0 0 2y 0
May 00 0 1000 O O 0 I m3 0 0 0 20 O May 01 2000 0 2 2y 2ny 0 0 O [ 0 0 319 0
Jun 00 0 0000 O O 0 I m3 0 O 0 2y,0 0 Jun 00 0000 0 1 Yo My 0 0 0 0 0 319 0
Jul 00 0 0000 O O 0 I m3 0 O 0 30 0 Jul 00 0000 0 1 Yo My 0 0 0 0 0 319 0
Aug 00 0 0000 O 0 O 1 m3 0 0 0 3y, 0 Aug 000000 0 I v My 00 0,0 0 | 2y O
Set 00 0 0000 0 O O 1 m O O O 2y O Sept 0000000 1 7y My 00 0,0 0 vo O
Matrix C;: ‘O, Stock used in Baseline C sensitivity trial 9: some ‘O, Matrix D; : ‘Og’ Stock used in Baseline C sensitivity trial 17: Ow and Og
animals in sub-area 10. (50% of years) y,=/2y; stock boundary is moved to 153° (all years)
Age 4 Age 4
Apr 02 0 0 004 0 O 0 0 010 v 0 0 0 Apr 02 4000 0 0 0 4y 0 0 0 0 0 0 0
May 01 0 0 004 0 0 0 0 O yul v v ys O May 0 1 2000 0 0 0 4% 00 0 0 0 7y 0
Jmw 00 0 0 004 0 0 0 0 O '%a vy v 7Yu O Jun 0000000 0 0 4% 00 0 0 0 7y O
Jul 00 0 0 004 0 O 0 0 0 'ya v % Yau 0 Jul 00 0000 O 0 0 4y 0 0 0 0 0 Yo 0
Aug 00 O O 004 0 O 0 0 010 v v Ya 0 Aug 00 0000 O 0 0 4y 0 0 0 0 0 Yo 0
Sept 00 0 0 004 0 O 0 0 010 v 0 0 0 Sept 00 0000 O 0 0 4y 0 0 0 0 0 0 0
Age 10 —male Age 10 —male
Apr 02 0 0 004 0 O 0 0 010 v v yu 0 Apr 02 4000 0 0 0 4% 0 0 0 0 0 Yo 0
May 01 0 0 004 0 0 0 O O 'yum v v 7=« 0 May 01 20000 0 0 445 00 0 0 0 7y O
Juw 00 0 0 004 0 0 0 O O 'wyu v v 72 O Jun 0000000 0 0 445 00 0 0 0 7y O
Juu 00 0 00040 0 0 0 O yn v v ys 0 Tul 0000000 0 0 45 00 0 0 0 7y O
Aug 00 0 0004 0 0 0 0 0,0 y v 7« 0 Aug 0000000 0 0 44 00 0 0 0 7y O
Sept 00 O 0 004 0O O 0 0 070 v Yo Y4 0 Sept 00 0000 O O 0 4y 0 0 0 O 0 Y29 0
Age 10 — female Age 10 — female
Apr 02 0 0 004 0 0 0 0 0/0|2 2% 2yu 0 Apr 002 40000 0 0 4% 00 0 0 0 2y O
May 01 0 0 002 0 O 0 0 0 2y 2y; 3y 3724 O May 01 2000 0 0 0 2y 00 0 O 0 3y 0
Jun 00 0 0001 0 O 0 0 0 2y 2y; 3y 3724 0  Jun 00 0000 O O 0 Yo 0 0 0 0 0 3y 0
Jul 00 0 0001 0 O 0 0 0 2y 2y; 3y 3724 0 Jul 00 0000 O 0 0 Yo 0 0 0 0 0 3y 0
Aug 00 O O 001 O O 0 0 010 2y 2y 2yu 0 Aug 00 0000 O O 0 Yo 0 0 0 0 0 2y 0
Sept 00 0 0001 0 0 O 0 0,0 v v va O Sept 0000000 0 0 Yy 000 0 0 0 yp O
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Month Sub-area Sub-area

/Age- Month/

class 12 3 4567W 7E 8W 8E 9W 9E 10 11 12SW I2NE 13 Ageclass 1 23456 7W 7E 8W 8E 9W 9E 10 11 12SW I2NE 13
Matrix D, : ‘Og’ Stock used in Baseline C sensitivity trial 19: ‘W’stock in Matrix N : ‘O’ Stock used in Baseline C sensitivity trial 2a: infinite

9W only and ‘Og’ only in 9E (all years) dispersal between Ow and O stocks. (all years)

Age4 Age 4

Apr 02 4 000 0 4 4y 4mY| 0 4y O vs O 0 0 Apr 0 24000 4 41,4y 4mp% 0 0 0 75 O 0 0
May 01 2 000 0 4 4y 4mY 0 4y O 75 Vi Y29 0 May 0 12000 4 4n, 4y 4M9 0 0 0 Y5 7V Y29 0
Jun 00 0 000 0 4 4y 4y 0 4p5 0 v Y Yo 0 Jun 000000 4 4n 4y 4myp 0 0 0 v 7Y Yo O
Jul 00 0 000 O 4 4y 4M 0 4p) 0 v Y Y29 0 Jul 0 00000 4 4n, 4y 4M9 0 0 0 Y5 7V Y29 0
Aug 00 0 000 0 4 4y 4my | 0 4p 0 vs Y Yo 0 Aug 000000 4 4n 4y 4myp 0 0 0 v Y Yo O
Sept 00 0 000 0 4 4y 4ny 0 4y O 75 0 0 0 Sept 0 00000 4 4n, 4y 40 0 0 0 p5 O 0 0
Age 10 — male Age 10 — male

Apr 02 4 000 0 4 4y 4n7 0 4p) 0 v Y Y29 0 Apr 0 24000 4 4n, 4y 4n9 0 0 0 Y5 7V Y29 0
May 01 2 000 0 4 4y 4my | 0 46 0 vs Y Y 0  May 0 12000 4 4n 4y 4mp 0 0 0 vs Y Yo O
Jun 00 0 000 O 4 4y 4My 0 4p) 0 v Y Y29 0 Jun 0 00000 4 4n, 4y 4M9 0 0 0 Y5 7V Y29 0
Jul 00 0 000 0 4 4y My | 0 4B 0 75 7V Yo 0 Jul 000000 4 4n 4y 4myp 0 0 0 vs Y Yo O
Aug 00 0 000 O 4 4y 4my 0 4p) 0 Y5 Yo Y29 0 Aug 0 00000 4 4n, 4y 4M9 0 0 0 Y5 7V Y29 0
Sept 00 0 000 0 4 4y 4MmYy| 0 4y 0O 75 Y Yo 0  Sept 000000 4 4n 4y 4mp 0 0 0 v 7Y Yo O
Age 10 — female Age 10 — female

Apr 02 4 000 0 4 4y 4mY%| 0 4% 0 275 2y 2y O Apr 0 24000 4 4n, 4y 4M 0 0 0 27 2y 2Y9 O
May 01 2 000 0 2 2y 2mY | 0 2y O 2vs 3Yv% 3y O May 0 12000 2 2ny 29 2ny9 0 0 0 275 3y 3y O
Jn 00 0 000 0 1 % MY | 0 % O 25 3% 3% O Jun 000000 1 I %% Mp O O 0 2% 3y 3y O
Jul 00 0 000 O I Y MY 0 Y 0 275 37 3y O Jul 000000 1 Imy Y M¥ O O O 2% 3y 39 O
Aug 00 0 000 0 I % My [0 Y O 2y 27 2y O Aug 000000 1 Im % MY O 0 0 2vs 2y 2¥ 0
Sept 00 0 000 O I % MY [0 f 0 Y5 Vi Y20 0 Sept 000000 1 Imy Yo M¥ O O O Y5 7Y Y29 0
Matrix E,: ‘W’ Stock used in Baseline C sensitivity trial 8: 9E animals Matrix I: ‘O, Stock used in sensitivity trial 20 (all years)

migrate into 9N (all years) Yos= (0.7/0.3) * (1+y9tM2Y0)

Age 4 13/99N  Age4

Apr 000 1000 0 O O 1 m5 0 0 0 0 |0 Apr 0 2000 0/dys 4 4p 4 0 0 0 vy O 0 0
May 000 1000 O O O I m O O O 0 0 May 0 10000y 4 d4p 4% 0 O 0 v Y Y O
Jw 000 1000 O O O I m O 0 O 0 0 Jun 0 000004y 4 d4p 4mp 0 O 0 v Y Yu O
Ju 000 1000 0 0O O I m O 0 O 0 0 Ju 0 0000 0y 4 4 4% 0 O 0 v Y Y O
Aug 000 1000 0 0O O 1 m5 0 0 0 0 [0 Aug 0 00000y 4 d4p 4mp 0 O 0 v Y 7Yu O
Set 000 1000 0O O O 1 ms 0 0 0 0 0 Sept 0 0000 0/dys 4 4 4nsp O O O vy O 0 0
Age 10 — male Age 10 — male

Apr 000 2000 0 0 0 2215 0 0 0 Yo |ms Apr 0 20000y 4 4% 4% 0 O 0 v Y 7Yu O
May 000 1000 0 O O 3 3m5 0 0 0 7y s May 0 100004y 4 4p 4mp 0 O 0 v Y 7Yu O
Jmw 000 000 0 O O O 4 475 0 0 0 2y 2ps Jun 0 00000y 4 d4p 4% 0 O 0 v Y 7Yu O
Juu 000 0000 0 O O 4 40, 0 0 0 2y, 2p.s Jul 0 000004y 4 4p 4mp 0 0 O ¥ Y 7Y O
Aug 000 000 0O O O O 4 4175 0 0 0 Yo  Ws Aug 0 00000y 4 d4p 4% 0 O 0 v Y 7Yu O
Sept 000 0000 0O O O 3 3n; 0 0 0 Yo s Sept 0 00000y 4 d4p 4mp 0 O 0 v Y 7Yu O
Age 10 — female Age 10 — female

Apr 000 2000 0 0 0 2215 0 0 0 7y ms Apr 0 20000 4y 4 4y 4myp 0 0 0 2y 2y 2y O
May 000 1000 O O O I m O O O 2y 2% May 0 1000002y 2 2y 2% 0 O O 2y 3y 3y O
Jw 0000000 0 0 O 1 m 0 0 0 2y 2ps Jun 000000 1 1 Y My O 0 0 2y 3% 3yu O
Ju 0000000 O O O I m O 0 0 3y 3ps Jul 0 00000 1 1 %% My 0 O 0 2y 3y 3y O
Aug 000 000 0 0 O 0 I ms 0 0 0 30 3ms  Aug 0 000001 I % Mp O O 0 2y 2y 2y O
Set 000 000 0 0O O O 1 ms 0 0O 0 2y 2pks Sept 000000 1B 1 % Mp 0 0 0 % Y 7Y O
Matrix E;: ‘W’ Stock used in Baseline C sensitivity trial 19: ‘W’ stock in ~ Matrix J : ‘Og’ Stock used in sensitivity trial 20 (all years) where

9W only and ‘Og’ only in 9E (all years) Y27=(0.3/0.7) * (1+y5tM2Y0)

Age 4 Age 4

Apr 000 1 00 0 O O 0 170 0 O 0 0 0  Apr 0 240004y 4 4y 4mp 0 0 0 v O 0 0
May 000 1 000 O O O 1[0 0 0 O 0 0 May 0 120004 4 4% 40 0 0 0 Y5 Yo Yo O
Jun 000 1 00 0 O O 0 170 0 O 0 0 0 Jun 0 000004y 4 4y 4mp 0 0 0 Y5 Y Yo 0
Juu 0001000 0 0 0O 1,0 0 0 0 0 0 Iul 0 000004 4 4% 40 0 0 0 Y5 Yo Yo O
Augg 000 1 00 0 O O 0 170 0 O 0 0 0 Aug 0 000004y 4 4y 4mp 0 0 0 Y5 Y Yo 0
Sept 000 1 000 0 0 0 1,0 0 0 0 0 0 Sept 0 000004y 4 4y 4my 0 0 0 s O 0 0
Age 10 — male Age 10 — male

Apr 000 2 00 O 0 O 0 2.0 0 O 0 Yio 0 Apr 0 240004y 4 4% 4% 0 0 0 Y5 7Y Y29 0
May 000 1 00 0 0 O 0 3,0 0 O 0 Yo 0  May 0 120004y 4 4y 4mp 0 0 0 Y Y Yo 0
Juw 000 0000 O O O 4,0 0 0 0 2y 0 Jun 0 000004y 4 4% 4% 0 0 0 Y5 Yo Yo O
Jul 000 0 00 0 O O 0 4.0 0 O 0 2y 0 Jul 0 000004y 4 4y 4mp 0 0 0 Y Y Yo 0
Aug 000 0 000 O O O 4,0 0 0 0 7y 0 Aug 0 000004y 4 4% 4y 0 0 0 Y5 Yo Yo O
Sept 000 0 00 0 O O 0 3,0 0 O 0 Yoo 0  Sept 0 000004y 4 4y 4myp 0 0 0 Y Y Yo 0
Age 10 — female Age 10 — female

Apr 000 2 00 0 0 O 0 2.0 0 O 0 Yo O  Apr 0 240004y 4 4y 4mp 0 0 0 2y 2% 2y» O
May 000 1 000 0 0O O 1,0 0 0 0 2y 0 May 0 1200020 2 2 2% 0 0 0 295 31 3% O
Jun 000 0 00 O O O 0 170 0 O 0 2y 0 Jun 000000/ 1 Y% My O 0 0 2y 3% 3y O
Ju 000 0000 O O O 1[0 0 0 0 3y 0 Jul 000000 9 I Y My 0 0 0 295 3y 3¥o O
Aug 000 0 00 0 O O 0 170 0 O 0 30 0  Aug 000000/ 1 v% My O 0 0 25 2Y% 2y» O
Set 000 0 000 0O O O 1,0 0 0 0 2y O Sept 0000009 1 Y% M 0 0 0 Y5 Yo Yo O
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Month Sub-area Month Sub-area

/Age- / Age-

class 1 2 3 456 7W 7E 8W 8E 9W 9E 10 11 12SW 12NE 9N class 1 2 3 456 7W 7E 8W 8E 9W 9E 10 11 12SW 12NE 9N
Matrix P : ‘O’ Stock used in Baseline D Matrix P, : ‘O’ Stock used in Baseline D

Age 4 Age 4

Apr 010 89 1 0 0 74 32 22y 13% 6Y 2Ys O 6lyis 29y 58y 2  Apr 0 10 89 100 66 28 19y 12y 5 2y, O 102y;s 48y, 97y 3
May 0 10 89 1 0 0 149 64 43y,27v 12y 5% 0 205y;s 96y, 19314 6 May 0 10 89 10 0 118 51 34y 21y 10y 4y, 0 246y,5 115y, 23274 8
Jun 0 10 89 1 0 0 149 64 43y, 27y, 12Ys 5Y O 287715 134y, 271y,y 9 Jun 0 10 89 100 99 43 29y 18y, 8y 37 0 328ys 153y, 309y 10
Jul 010 8 1 0 0 149 64 43v27v 1275 5Ys O 287yis 134y; 271y 9 Jul 0 10 8 100 99 43 29y 18y 8y 3vs 0 328y;s 153y, 3097, 10
Aug 010 89 1 0 0 173 75 507,31y, 14y, 5y, O 266yis 124y, 251y, 8  Aug 0 10 89 1 0 0 124 54 36y, 22y, 10y 476 0 307y;s 143y, 290y, 10
Sept 0 10 89 1 0 0 173 75 50317 147 5% O 225Yis 105y, 21374 7 Sept 0 10 89 10 0 136 59 40y 25y 11y 475 0 266y 124y, 251y, 8
Age 10 — male Age 10 — male

Apr 010 89 1 0 0 68 39 33y, 28y 19% 13y 0 1lyis 21y, 60y 8  Apr 0 10 89 100 60 35 30y 25y 17y 12 0 23y,s 43y 119y, 15
May 0 10 89 1 0 0 101 58 50y 42Y529v 20y O 46y;s 85y 239y 31 May 0 10 89 10 0 84 49 41y, 35y, 24y, 16y, 0 57yis 106y, 298y, 38
Jun 0 10 89 1 0 0 135 78 66Y,56Y 3975267 O 68y;s 128y; 358y 46  Jun 0 10 89 100 101 58 507 42vs 29v, 207, 0 80v;s 149y, 418y, 54
Jul 010 89 1 0 0 135 78 66y, 56Ys39Y526Y%s 0 68Ys 128y, 358y 46 Jul 0 10 89 10 0 101 58 50y, 42y, 297 207 0 80y,s 149y, 418y, 54
Aug 010 89 1 0 0 169 97 83y 70v48Y:33Ys O 57yis 106y, 298y, 38 Aug 0 10 89 1 0 0 135 78 66Ys 56Ys 3976 26Ys 0 68Y;s 128y; 358y, 46
Sept 0 10 89 1 0 0 169 97 83y, 707, 48Ys33Ys 0 46y;s 85y 2397 31 Sept 0 10 89 1 0 0 141 81 69y, 58Y 40y, 27v 0 57yis 106y, 298y, 38
Age 10 — female Age 10 — female

Apr 010 89 1 0 0 50 21 14y, 9¥ 4Y 2¥%s O 30ys 55y 112y 4 Apr 0 10 89 100 44 19 13y, 8y 4y 1y 0 44y 83y, 167y 6
May 0 10 89 1 0 0 149 64 43y 27y 12y, 5y O 89y;s 166y, 335y 11 May 0 10 89 10 0 112 48 32y, 20Y 9y 4y 0 103yis 193y, 390y, 13
Jun 0 10 89 1 0 0 99 43 29y 18y 8y 3 O 118y 221y, 446y 15 Jun 0 10 89 100 50 21 14y, 9y 4y 2y 0 133y5 248y, 50275 17
Jul 010 89 1 0 0 99 43 29y 18y 8v 37 0 11875 221y 446y 15 Jul 0 10 89 100 50 21 14y, 9y 4ys 2vs 0 133y5 248y, 50275 17
Aug 010 89 1 0 0 99 43 29v, 18y, 8y 3y, O 118y;s 221y, 446y, 15 Aug 0 10 89 100 50 21 14y, 9y 4y 2Ys O 133y;5 248y, 502y, 17
Sept 0 10 89 1 0 0 99 43 29y, 18ys 87 37 O 10375 193y, 390y, 13 Sept 0 10 89 100 66 28 19y 12y 5y 2Ys 0 118ys 221y, 446y, 15
Matrix P, : ‘O’ Stock used in Baseline D Matrix Ps : ‘O’ Stock used in Baseline D

Age 4 Age 4

Apr 0 10 89 1 0 0 92 31 17y 8y 2y 1y 0 697s 32y, 48y 1 Apr 0 10 89 10 0 83 36 24y, 15y 7y 37 0 20yis 10y, 199 1
May 0 10 89 1 0 0 184 61 33y 165 5v 1y O 230y 107y, 161y, 2 May 0 10 89 10 0 180 78 52y 327 15y 675 O 164yis 76y, 1557 5
Jun. 0 10 89 1 0 0 184 61 33y 165 5v 1y O 32275 150y, 225y 2 Jun 0 10 89 1 0 0 198 86 58y 36Ys 16ys 675 O 246yis 115y, 2327 8
Jul 010 89 1 0 0 184 61 33y 16y 5% 17 0 32275 150y, 225y 2 Jul 0 10 89 10 0 198 86 58y 36y 16y 6vs 0 24675 115y, 232y 8
Aug 0 10 89 1 0 0214 71 39y 18y, 6y, lys O 299y;s 140y, 209y, 2 Aug 0 10 89 10 0 223 96 65v 40y, 197, 75 O 225y;5 105y, 213ys 7
Sept 0 10 89 1 0 0 214 71 39y, 18y, 6y 1y O 253ys 118y 1777 2 Sept 0 10 89 10 0 211 91 61y, 38y, 17y 7y O 184y,s 86y, 1747 6
Age 10 — male Age 10 — male

Apr 0 10 89 1 0 0 89 42 31y 21y 11y 5y 0 14yis 26y, 581 3 Apr 0 10 89 100 75 43 37y 31y 21y 15, 0 0 0 0 0
May 0 10 89 1 0 0 134 64 46v:32Y 17Y 8Y%s O 55yis 102y, 231y, 12 May 0 10 89 1 0 0 118 68 58y, 49y, 347, 23y, 0 34y;s 64y, 1797 23
Jun. 0 10 89 1 0 0 178 85 62y, 437522v 10y, O 82y;5 153y, 346y, 18 Jun 0 10 89 10 0 169 97 83y, 70y, 48y 3375 0 57vis 106y, 298y, 38
Jul 010 89 1 0 0 178 85 62y,43y, 22y 10y 0 82ys 153y, 346y, 18 Jul 0 10 89 10 0 169 97 83y, 70y, 48y 337, 0 57vis 106y, 298y, 38
Aug 0 10 89 1 0 0 223 106 7775 53¥s 287 137s O 68y1s 128y, 289y, 15 Aug 0 10 89 1 0 0 203 117 99y, 84y, 587 397 0 46ys 85y, 239y 31
Sept 0 10 89 1 0 0 223 106 77y 53¥ 28¥ 13y 0 55vis 102y 23174 12 Sept 0 10 89 10 0 197 113 97y, 81v, 56y, 38Y 0 34yis 64y, 1797, 23
Age 10 — female Age 10 — female

Apr 0 10 89 1 0 0 61 20 Ilys 5y 2% O O 35y5 66y, 98ys 1 Apr 0 10 89 100 56 24 16y 10y 5vs 275 O 15vis 28y, 56y 2
May 0 10 89 1 0 0 184 61 33y 165 5v 1y O 105y 197y, 295y, 3 May 0 10 89 1 0 0 186 80 S54ys 3475 15y 6Ys O 74vis 138y, 2797 9
Jun. 0 10 89 1 0 0 123 41 22y 10Ys 3v 1y O 14175 263y 393y 4 Jun 0 10 89 10 0 149 64 43y 277 12¥s 575 O 103yis 193y, 3907 13
Jul 0 10 89 1 0 0123 41 22y 10% 375 1y O 141ys 263y, 393y 4  Jul 0 10 89 10 0 149 64 43y, 27y 12y, 5y 0 103yis 193y, 390y, 13
Aug 0 10 89 1 0 0 123 41 22510y 37 Iys O 14lys 263y 3934 4 Aug 0 10 89 10 0 149 64 43y 27y 127 5¥s O 10375 193y, 390y, 13
Sept 0 10 89 1 0 0 123 41 224,10y 3% 1y O 123yis 230y, 344y, 4 Sept 0 10 89 1 0 0 132 57 38ys 24y, 1175 4ys 0 89715 166y, 335y, 11
Matrix P; : ‘O’ Stock used in Baseline D Matrix Q : ‘W’ Stock used in Baseline D

Age 4 Age 4

Apr 0 10 89 1 00 65 32 23y, 16y 9 4y O 58yis 27y, 621 3  Apr 0033836200 0 4y I18y25% 35 59 0 0 18 74 58y
May 0 10 89 1 00 131 63 47y 33y 18y 8y 0 192y;5 90y, 207y, 12 May 00 96 104 0 0 0 28y35y 50y, 69 1170 0 59 247 194y
Jun 0 10 89 1 00 131 63 47y 33y 18% 8% 0 26975 126y, 2897 16 Jun 00 0 0 00 0 28y35%50% 69 1170 0 8 346 272y
Jul 0 10 89 1 00 131 63 47y 33y 18y 8y 0 269ys 126y, 289y, 16 Jul 00 0 0 00 0 28y35%50y 69 1170 0 82 346 272y
Aug 0 10 89 1 00 153 74 55y 38y 217 107 0 25075 117y; 2697 15 Aug 00 0 0 00 0 33741y 59 81 1370 0 76 321 252y
Sept 0 10 89 1 00 153 74 55y, 38,21y 10y O 21lys 99y, 2277 13 Sept 00 48 52 00 0 33741y 59y 81 1370 0 65 272 213y
Age 10 — male Age 10 — male

Apr 0 10 89 1 00 53 35 33v31%26%22y%s O 107s 18y 58y, 14 Apr 0030539500 0 15720y 31y 48 85 0 0 12 49 39y
May 0 10 89 1 00 80 52 49y 47%39v33% O 39y;s 73y 234y 55 May 00 131 169 00 0 237,31y 47y 72 128 0 0 47 198 155yss
Jun 0 10 89 1 00 107 69 65y 63y 52545y 0 58y;s 109y, 351y, 82 Jun 00 0 0 00 0 3ly4ly62y 95 1700 0 70 297 233y
Jul 0 10 89 1 00 107 69 65y 6375 52Ys 457 O 58Yis 109y, 351y 82 Jul 00 0 0 00 0 3ly4ly 62y 95 1710 0 70 297 233y
Aug 0 10 89 1 00 133 87 82y, 78y, 64Y, 56y, 0 49715 9ly, 292y, 68 Aug 00 0 0 00 O 38y517% 78y 1192130 0 59 247 194y
Sept 0 10 89 1 0 0 133 87 82y, 78Y 64 56y O 39vis 73y, 2341 55 Sept 00 44 56 00 0 38y 51y 78y 1192130 0 47 198 15575
Age 10 — female Age 10 — female

Apr 0 10 89 1 00 44 21 16y 11y 6Y 3y 0 2775 50y 116y 7  Apr 0033836200 0 9% 12y 17y 23 39 0 0 23 99 78y
May 0 10 89 1 00 131 63 47y 33y, 18y 8y O 81y 151y, 348y, 20 May 00 48 52 00 0 28y35% 50y 69 1170 0 70 297 233y
Jun. 0 10 89 1 00 87 42 31y 22y, 12y 6y O 108y;s 202y, 46414 26 Jun 00 0 0 00 O 19724y 337 46 78 0 0 94 396 311y
Jul 0 10 89 1 00 87 42 31y, 22y 12y 6y 0 108ys 202y, 464y, 26 Jul 00 0 0 00 O 19y 24y 33y, 46 78 0 0 94 396 311y
Aug 0 10 89 1 00 87 42 31y 22y, 12y 6y O 108y;s 202y, 46414 26 Aug 00 0 0 00 O 19924y 337 46 78 0 0 94 396 311y
Sept 0 10 89 1 00 87 42 31y,22y, 12y, 6% O 94ys 176y, 406y, 23 Sept 00 48 52 00 0 197,247,337 46 78 0 0 82 346 272y

Cont.
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Month Sub-area Month Sub-area

/Age- / Age-

class 1 2 3 4 56 7W 7E 8W 8E 9W 9E 10 11 12SW 12NE ON class 12 3 4 56 7W 7E 8W 8E 9W 9E 10 11 12SW 12NE ON
Matrix Q; : ‘W’ Stock used in Baseline D Matrix Q, : “W’ Stock used in Baseline D

Age 4 Age 4

Apr 0 0 32837200 O 13y 17y%25% 35 60 0 0 18 74 58ys Apr 0029831900 0 13y 16y22y% 31 52 0 0 29 124 97y
May 0 O 94 106 00 0 27y34y,49y 70 120 0 0 59 247 194y, May 00 78 84 00 0 22y 28740y 55 93 0 0 70 297 2337y,
Jun 0 0 0 0 00 O 27y34v49y% 70 120 0 0 82 346 27275 Jun 00 O O 00 O 19y24y 337 46 78 0 0 94 396 311y,
Jul 00 0 0 00 0 27v34Y%49y 70 120 0 0 82 346 272y, Jul 00 0 0 00 O 19Y24y337% 46 78 0 0 94 396 311y
Aug 0 0 O 0 00 O 3ly40y,57y 82 140 0 0 76 321 252y,s Aug 00 O O OO0 O 24y29y 42y 58 98 0 0 88 371 291y,
Sept 0 0 47 53 00 0 31y407% 57y 82 140 0 0 65 272 213ys Sept 00 36 39 00 0 267 32y,46y 63 107 0 0 76 321 2527y
Age 10 —male Age 10 —male

Apr 0 0 281 41900 0 13%18y:29y% 49 91 0 0 12 49 39ys Apr 00271 35100 O 14y 18y28y, 42 76 0 0 23 99 78y
May 0 0 120 180 0 0 0 20Y,27ys44y 73 136 0 0 47 198 155y,s May 00 109 141 0 0 0 19y,26Y,39y 60 107 0 0 59 247 194ys
Jun 0 0 0 0 00 0 26Y36Y,59% 97 181 0 0 70 297 233y, Jun 00 O O 00 O 23y31y47y% 72 128 0 0 82 346 272y
Jul 00 0 0 00 0 26Y36Y59y 97 181 0 0 70 297 233y, Jul 00 0 0 00 0 23y31Y47y 72 128 0 0 82 346 272y
Aug 0 0 0 0 00 O 33745774y 122227 0 0 59 247 194ys Aug 00 O 0 00 O 3ly4ly62y% 95 171 0 0 70 297 2337y,
Sept 0 0 40 60 00 O 33y;45y, 74y, 122 227 0 0 47 198 15575 Sept 00 36 47 00 0 32y,43y65Y 100 178 0 0 59 247 194yss
Age 10 — female Age 10 — female

Apr 0 0 32837200 0 9y 1lys16y, 23 40 0 0 23 99 78y Apr 0029531700 0 8y 10y 157% 20 34 0 0 35 148 116y
May 0 0 47 53 00 0 27y 34v,49y% 70 120 0 0 70 297 233y,s May 00 36 39 00 0 21v27y 38y 52 8 0 0 82 346 272y
Jun 0 0 0 0 00 O 18y23%33y 47 80 0 0 94 396 3lly,s Jun 00 0O 0 00 O 9y 12917y 23 39 0 0 106 445 349y,s
Jul 00 0 0 00 O 18y23y33y 47 80 0 0 94 396 3llys Jul 00 0 0 00 O 9y 12y 17y 23 39 0 0 106 445 349ys
Aug 0 0 0 0 00 O 18y237y33y 47 80 0 0 94 396 3lly,s Aug 00 0 0 00 O 9y 12y 17y 23 39 0 0 106 445 349y,s
Sept 0 0 47 53 00 O 18Y:23y%33Yy 47 8 0 0 82 346 272ys Sept 00 32 35 00 0 1371622y 31 52 0 0 94 396 311y
Matrix Q; : ‘W’ Stock used in Baseline D Matrix Qs : ‘W’ Stock used in Baseline D

Age 4 Age 4

Apr 0 0 35134900 0 157%19y%26y 34 56 0 0 18 74 58y,s Apr 00377 40500 0 16Y,207,28y% 39 65 0 0 6 25 19y
May 0 0 100 100 0 0 O 31y 37y51ys 68 113 0 0 59 247 194y,s May 00 115123 00 0 34y, 43y 61y 84 141 0 0 47 198 155y,5
Jun 0 0 0 0 00 O 31y%37y%51ly 68 113 0 0 82 346 272y,s Jun 00 O O 00 O 3847767y 92 156 0 0 70 297 233y
Jul 00 0 0 00 O 31v37y%5ly 68 113 0 0 82 346 272ys Jul 00 0 0 00 0 38y%47y%:677% 92 156 0 0 70 297 233y,
Aug 0 0 0 0 00 0 36Y44y60y 79 131 0 0 76 321 252y, Aug 00 O O 00 O 42y 53y 75y 104 176 0 0 65 272 213y
Sept 0 0 50 50 00 O 36Y,447%60y, 79 131 0 0 65 272 213ys Sept 00 60 65 00 0 40y 50y 71y 98 166 0 0 53 223 175y
Age 10 — male Age 10 — male

Apr 0 0 32937100 0 18y23y33y 47 80 0 0 12 49 39ys Apr 0033943900 0 17923735y 53 95 0 0 0 0 0
May 0 0 141 159 00 0 27y 34749y 70 120 0 0 47 198 15575 May 00 152 198 0 0 0 27y 36y 557 84 149 0 0 35 148 116y,
Jun 0 0 0 0 00 0 36Y45%66Y 93 160 0 0 70 297 233y,s Jun 00 O O 00 O 38y51y 78y 119 213 0 0 59 247 194y
Jul 00 0 0 00 0 36y;45v66Y 93 160 0 0 70 297 233y, Jul 00 0 0 00 O 38Y5ly78Y% 119 213 0 0 59 247 194y
Aug 0 0 0 0 00 O 45357782y 116 200 0 0 59 247 194y, Aug 00 O O 00 O 46Y,61y 94y 143 256 0 0 47 198 155y
Sept 0 0 47 53 00 0 457577827 116 200 0 0 47 198 15575 Sept 00 51 66 00 0 45759791y 139 249 0 0 35 148 11675
Age 10 — female Age 10 — female

Apr 0 0 35134900 0 10y 12y 17y 23 38 0 0 23 99 78y Apr 00380407 00 0 11y 13y 19y 26 44 0 0 12 49 39y
May 0 O 50 50 00 0 31937y 5ly 68 113 0 0 70 297 233y, May 00 60 65 00 0 35744763y 87 146 0 0 59 247 194y,s
Jun 0 0 0 0 00 O 207%25¥%34y 45 75 0 0 94 396 3lly,s Jun 00 O O 00 O 28y357%507% 69 117 0 0 82 346 272y
Jul 00 0 0 00 0 2025734y 45 75 0 0 94 396 3llys Jul 00 0 0 00 0 28Y35Y%507% 69 117 0 0 82 346 272y,
Aug 0 0 0 0 00 O 20725¥%34y 45 75 0 0 94 396 3lly,s Aug 00 O 0 00 O 28y 357507 69 117 0 0 82 346 272y
Sept 0 0 50 50 00 O 20y 25734y 45 75 0 0 82 346 272ys Sept 00 64 69 00 0 25731y 45y 62 104 0 0 70 297 2337y
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Adjunct 2

Table of commercial catches by area and sex for each season and year. The sub-areas are shown in Fig | of this Annex.

Males Females Year Males Females

Sub-

area Year JAM J J A SD JJA M ) J A S-D JJAM J J A SD JA M J J A S-D
1 1951 1 0 0 0 O 0 0 0 0 0 0 0 6 1963 1 7 11 4 4 8 0 6 11 4 4 7
1 1957 17 0 0 O O 0 1 0 0 0 0 0 6 1964 3 22 16 7 3 12 2 2215 7 2 11
2 1948 3 0 0 0 0 0 0o 0 0 0 0 0 6 1965 6 19 18 5 3 23 5 17 17 5§ 3 21
2 1950 3 0 0 0 O 0 2 0 0 0 0 0 6 1966 0 23 9 7 7 15 2 23 9 7 7 19
2 1951 0 1 0 0 O 0 0o 0 0 0 0 0 6 1967 4 28 18 3 3 3 8 27 18 3 3 2
2 1952 1 0 0 0 O 0 1 0 0 0 0 0 6 1968 10 14 20 8 3 12 3 1419 8 2 10
2 1954 1 0 0 0 O 0 1 0 0 0 0 0 6 1969 11 20 35 7 6 9 10 19 35 6 6 8
2 1957 1 0 0 0 O 0 1 0 0 0 0 0 6 1970 7 55 82 14 1 6 3 54 81 14 0 3
2 195 1 0 0 0 0 0 1 0o 0 0 0 0 6 1971 5 57 8 8 5 1 3 56 8 7 5 0
2 196 2 0 0 0 O 0 1 0 0 0 0 0 6 1972 2 36 41 6 3 35 1 35 41 5§ 3 34
2 1981 0 1 0 0 O 0 o 0 0 0 0 0 6 1973 1 35 42 10 8 86 3 35 42 9 7 83
2 1985 1 0 0 0 O 0 0o 0 0 0 0 0 6 1974 7 32 45 13 5 47 6 32 44 12 5 44
5 1940 13 4 4 3 2 3 11 4 3 3 2 1 6 1975 13 87 60 7 2 8 3 87 60 6 2 4
5 1941 25 8 7 6 4 4 22 7 6 6 3 4 6 1976 3 24 24 1 0 25 1 23 24 1 0 24
5 1942 32 10 9 8 5 7 30 10 8 8§ 4 4 6 1977 4 74 18 3 0 117 2 74 17 2 0 114
S 1943 25 8 7 6 4 4 22 7 6 6 3 4 6 1978 1 57 41 2 0 234 1 56 40 2 0 232
5 1944 24 7 6 6 3 4 20 7 6 5 3 3 6 1979 5 82 108 37 13 64 23 82 108 36 12 63
5 1945 2 1 1 1 1 0 0o 0 0 0 0 0 6 1980 0 33 9 2 3 75 0 32 9 2 2 73
5 1955 0 1 1 0 O 0 3 3 2 0 0 0 6 1981 1 69 31 11 6 47 0 68 30 11 6 46
S 1956 0 1 1 0 O 0 3 3 2 0 0 0 6 1982 8 32 25 8 7 95 1 3928 14 3 90
5 1957 34 11 11 7 4 6 36 14 12 7 4 6 6 1983 0 30 37 4 2 65 0 31 37 3 1 60
S 1958 46 11 13 6 3 4 55 22 21 7 3 3 6 1984 6 60 11 6 5 21 4 69 13 5 5 16
5 1959 53 13 13 8 5 6 67 28 25 9 5 4 6 1985 0 8 7 2 2 18 0 5 8 1 1 16
5 1960 36 18 13 11 5 5 57 38 31 12 4 9 6 1986 8 9 4 31 0 0 4 8 1 4 0 0
5 1961 22 14 10 4 1 2 50 33 21 5 1 2 7W 1930 1 3 2 1 0 0 1 2 1 0 0 0
S 1962 7 21 16 10 1 1 35 3927 12 0 0 W 1931 1L 3 2 1 0 0 1 2 1 0 0 0
5 1963 79 14 16 12 12 6 108 25 17 14 12 3 7W 1932 1 3 2 1 O 0 1 2 1 0 0 0
5 1964 83 18 14 18 8 21 98 25 14 18 8 20 7W 1933 I 3 2 1 0 0 | 2 1 0 0 0
5 1965 22 11 12 12 9 5 28 14 14 13 8 4 7W 1934 3 5 3 1 1 1 2 4 2 0 0 0
5 1966 19 22 10 20 19 17 46 41 22 21 19 15 TW 1935 3 5 3 1 1 1 2 4 2 0 0 0
5 1967 74 25 16 9 9 0 102 43 27 11 9 0 7W 1936 3 5 3 1 1 1 2 4 2 0 0 0
5 1968 54 17 16 22 7 7 83 35 28 23 6 6 7W 1937 7 14 7 2 1 1 7 9 5 1 1 0
S 1969 54 20 25 17 17 4 83 39 37 19 16 3 TW 1938 8 16 8 2 2 2 g 11 6 1 1 i
5 1970 88 41 52 35 2 4 116 60 63 37 1 3 7W 1939 8 16 8 2 2 2 8 11 6 1 1 1
5 1971 98 42 55 20 14 0 125 61 66 21 14 0 7W 1940 10 19 10 2 2 2 9 12 7 1 1 2
5 1972 108 41 52 36 11 37 134 59 63 38 10 36 TW 1941 7 14 7 2 1 1 7 9 5 1 1 0
5 1973 110 44 60 34 14 15 136 63 72 36 14 13 TW 1942 8 16 8 2 2 2 g8 11 6 1 1 [
5 1974 80 40 18 9 5 7 108 58 30 11 4 6 TW 1943 12 25 12 3 2 3 12 16 9 2 1 2
5 1975 4 61 40 18 5 12 33 80 51 20 5 9 TW 1944 10 19 10 2 2 2 9 12 7 1 1 2
5 1976 14323 19 5 0 5 170 41 30 6 0 2 7W 1945 8 16 8 2 2 2 8 11 6 1 1 |
5 1977169 53 15 9 1 78 197 72 27 10 0O 77 7W 1946 8 15 7 2 1 1 8 9 5 1 1 0
5 1978 83 44 32 8 0 38 97 49 34 7 0 35 TW 1947 9 17 9 2 2 2 9 11 6 1 1 2
5 197911544 5 2 0 0 144 62 17 4 0 0 W 1948 15 26 13 1 O 0 11 16 9 0 0 0
5 1980 101 67 60 63 41 12 100 67 59 62 41 12 TW 1949 13 34 15 1 O 0 10 18 4 0 0 0
5 1981 149 4 4 25 21 17 147 4 3 24 20 16 TW 1950 0 45 16 2 19 22 0 19 5 1 7 12
5 1982 113 2 15 29 17 8 89 5 18 44 21 30 7W 1951 23 38 24 14 0 0 17 16 10 2 0 0
5 1983 50 11 0 23 13 6 48 15 1 20 14 5 7W 1952 31 39 22 1 O 0 35 32 11 2 0 0
S 1984 21 43 14 10 0 1 18 36 11 15 0 3 7W 1953 30 16 29 1 O 0 33 8 15 2 0 0
5 1985 14 3 1 4 5 1 15 2 1 3 5 0 7W 1954 10 10 8 22 1 0 7 15 6 9 0 L
S 1986 0 0 0 O O 0 0o 0 0 0 0 0 7W 1955 32 53 23 1 6 4 25 3124 0 4 2
6 1940 0 7 6 2 1 8 0 6 5 1 0 6 7W 1956 15 92 33 1 8 18 12 64 39 7 3 5
6 1941 1 12 11 3 1 14 0o 12 11 2 1 12 TW 1957 46 48 21 5 4 6 50 39 20 4 3 6
6 1942 1 16 15 3 2 18 0 16 14 3 1 16 7W 1958 32 49 24 6 11 9 43 57 23 4 5 2
6 1943 1 13 11 3 1 13 o 12 11 2 1 12 TW 1959 18 27 13 3 6 5 23 31 13 2 3 [
6 1944 1 11 10 2 1 14 0 11 10 2 1 11 TW 1960 17 26 13 3 6 4 23 30 12 2 3 I
6 1945 0 1 1 0 0 2 0o 0 0 0 0 0 7W 1961 22 33 16 4 8 5 30 39 16 3 3 [
6 1948 43 13 0 0 O 0 32 6 0 0 0 0 7W 1962 13 20 10 2 5 3 17 23 9 2 2 1
6 1949 15 5 0 0 0 0 17 12 0 0 0 0 7W 1963 13 21 10 3 5 3 17 24 10 2 2 [
6 1950 0 11 3 0 O 1 0 7 2 0 0 0 TW 1964 22 33 16 4 8 6 30 40 16 3 3 1
6 1951 34 25 2 1 0 0 28 9 1 1 0 0 TW 1965 15 22 19 4 0 0 21 35 36 0 0 0
6 195211031 1 0 O 0 27 13 3 0 0 0 TW 1966 22 34 16 4 8 6 34 46 18 3 4 2
6 1953 76 11 3 0 O 0 42 4 2 0 0 0 TW 1967 14 21 10 3 5 3 23 31 12 2 3 1
6 1954 26 6 1 0 0 0 20 7 0 0 0 0 TW 1968 14 20 12 1 2 4 24 39 13 2 2 1
6 1955 13 7 0 0 0 0 9 6 0 0 0 0 TW 1969 4 12 7 1 3 1 8 17 6 1 2 0
6 1956 13 2 1 0 O 0 18 5 0 0 0 0 TW 1970 19 64 10 7 4 2 27 54 6 5 0 0
6 1957 3 16 18 3 2 17 0 16 17 3 1 16 7W 1971 23 20 34 7 3 0 23 19 22 4 1 0
6 1958 1 16 23 2 1 10 0 1522 2 1 9 7W 1972 15 13 5 0 1 12 35 38 2 0 0 4
6 1959 1 19 23 3 2 11 0 18 23 2 1 9 7W 1973 32 42 11 1 14 16 34 36 25 2 4 3
6 1960 1 14 18 3 2 9 0 14 18 3 1 8 7W 1974 15 27 7 5 24 4 34 34 1 3 12 3
6 191 1 10 8 1 1 4 0 9 8 0 0 3 7W 1975 11 27 2 16 38 7 13 33 0 6 13 3
6 1962 0 20 19 3 0 3 0 20 18 3 0o 2 7W 1976 32 17 2 6 7 10 51 19 1 5 9 9
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Year Males Females
JAM J J A SD JA M | J A S-D
10 1973 0 1 12 0 2 O 0 1 4 0 1 0
10 1974 0 0 5 1 0 0 o 0 0 0 0 O
10 1975 0 7 11 0 0 2 0 1 5 0 0 0
10 1976 0 0 6 1 0 3 o 0 2 3 0 6
10 1977 0 0 0 0 0O O o 0 2 0 0 0
10 1979 0 0 8 0 0O O o o0 7 0 0 0
10 1980 0 0 0O 5 5 O o 0 5 0 0 0
10 1981 0 0 0 7 6 O o 0 0 2 0 0
10 1982 0 0 4 5 0 O 0O 0 6 0 0 0
10 1983 0 0 1 2 3 O 0O 0 0 1 4 0
10 1985 0 0 0 0 2 O o 0 3 0 1 1
It 1930 0 0 0 0 0 O 0 11 0o 0 0
1 1931 0 0 0 0 0 O 0 11 0o 0 0
1m 1932 0 0 0 0 0 O 0 11 0o 0 0
11 1933 0 0 0 0 0 O 1 1 1 0o 0 0
I 1934 0 0 0 0 0 0 0 11 0o 0 0
11 1935 0 0 0 0 O O 0 1 1 0o 0 0
11 1936 0 0 0 0 0 O 0 11 0o 0 0
11 1937 0 0 0 0 O 0 0 1 1 0 0 0
I 1938 0 0 0 0 0 O 0 11 0o 0 0
11 1939 0 0 0 0 0 O 0 1 1 0o 0 0
I 1940 0 0 0 0 0 O 0 L1 0o 0 0
11 1941 0 0 0 0O O O 0 1 1 0o 0 0
11 1942 0 0 0 0 0 O 0 I 1 0o 0 0
11 1943 0 0 0 0 0 O 0 1 1 0o 0 0
11 1944 0 0 0 0 0 O 0 1 1 0o 0 0
1M 1945 0 0 0 0 O O 0 11 0o 0 0
11 1946 1 1 3 4 1 2 5 8 7 4 1 1
m 1947 1 1 3 5 1 2 6 9 9 5 1 I
11 1948 0 1 2 13 7 3 19 10 9 12 1 0
I 1949 0 0 4 1 1 0 6 8 6 3 4 0
11 1950 0 5 5 3 0 5 0 1216 3 0 1
Im 1951t 1 3 3 7 0 0 27 1720 6 0 O
11 1952 1 7 3 9 0 O 30 3720 9 0 0
I 1953 2 3 12 18 1 0 12 1719 9 0 0
11 1954 10 9 21 18 O 0 15 30 53 21 1 1
I 1955 0 1 17 16 4 5 15 33 37 26 5 3
11 1956 2 4 9 25 13 15 9 22 11 22 11 8
I 1957 2 1 7 6 2 12 10 31 14 3 1 10
11 1958 1 9 32 32 14 5 9 25 50 40 22 8
11 1959 1 5 17 18 8 2 5 1427 22 12 4
11 1960 1 4 14 15 6 2 4 11 23 18 10 4
11 191 1 5 19 20 9 3 5 15 31 25 14 5
1M 1962 1 4 17 17 8 2 5 13 27 21 12 4
11 1963 1 4 14 14 6 2 4 11 22 18 10 3
I 1964 0 4 14 14 6 2 4 11 22 17 10 3
11 1965 1 5 16 31 13 1 9 21 22 22 18 1
11 1966 1 7 24 25 11 3 5 1530 24 13 5
11 197 1 5 19 19 9 2 5 14 28 23 12 5
I 1968 0 2 11 5 5 1 1 12 25 8 6 4
11 199 1 3 15 18 5 1 2 24 38 17 11 5
I 1970 1 2 27 6 1 1 6 11 30 12 2 4
11 1971 2 4 11 21 10 6 6 6 10 13 9 8
111972 1 1 22 40 17 1 4 5 37 56 21 7
11 1973 1 17 47 18 13 5 32 36 26 22 4
11 1974 0 6 12 25 10 7 2 21 19 9 3
1M 1975 0 4 20 17 12 5 0 g 28 11 5 2
11 1976 6 10 15 27 17 2 5 1519 27 19 9
11 1977 1 16 17 5 3 12 4 10 9 2 3 0
1 1978 2 8 3 3 1 0 8 24 7 0 0 O
11 1979 0 2 10 3 0 1 10 22 16 4 0 [
11 1980 1 4 9 7 7 11 3 23 31 1 2 2
I 1981 0 2 6 4 1 14 10 11 14 12 0 9
11 1982 0 2 1 1 0 1 15 15 6 10 0 1
I 1983 1 2 1 0 0 0 13 3 10 2 2 1
11 1984 1 22 16 1 4 2 14 3427 0 0 0
I 1985 0 17 5 0 1 5 16 20 8 0 2 9
11 1986 1 7 6 1 2 2 13 25 7 1 4 0
I 1987 0 3 3 5 3 2 15 18 10 1 2 3
11 1996 0 0 0 0 19 0 o 0 0 0 11 0
1 1999 0 0 0 28 0 O 0O 0 0 22 0 0
12SW 1973 0 0 0 1 1 0 o 0 4 5 2 0
12SW 1974 0 0 1 0 3 0 0o 0 1 0 16 0
12SW 1975 0 0 0 7 4 0 o o0 o 11 7 5
I2NE 1949 0 0 0 2 0 0 0 0 1 0o 0 0
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Adjunct 3

Dispersal estimates for |mplementation Simulation Trial Baselines A and C*

Barbara L. Taylor and Karen Martien

This adjunct updates previous estimates of dispersal ratesfor
the population structure hypotheses A and C in the
Implementation Smulation 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 Smulation 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 smulation 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 femaes (Fig 1). The simulation
(genmod.exe) begins with al individuals having the same
hapl otype (40 basepairs with a per/basepair mutation rate of
0.00004). Each year every individual isallowedto givebirth,
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

1 Paper presented to meeting as SC/55/IST8.

(Basdline A: Fst = 0.0179, No = 8,807, n, = 361, Nw =
2,309 n,, = 100; Baseline C: Fst (Ow-Oe) = 0.0018, Fst
(Ce-W) = 0.0061, Now = 3,400, ng,, = 165, Noe = 1,600,
Noe = 168, Nw = 5,165, n,, = 175; C1J1-17: Fst (Ow-Oe)
= 0.0009, Fst (Oe-W) = 0.0061, Now = 4,218, n,,, = 234,
Noe = 276, nee = 79, Nw = 5,130, n,, = 203; C1J1-10: Fst
(Ow-Oe€) = 0.0006, Fst (Oe-W) = 0.0152, Now = 3,557,
Now = 165, Noe = 3,731, n,e = 251, Nw = 2,548, n, =
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.

d'=0.0045
d=0.0011
ow=3400 |¥~A
Oe = 1,600

Fig. 1. Diagram of the simulation model for Baseline C with the best fit
dispersal rates shown.

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 for
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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)
istoo closeto the lower bound for Fst of zero (seediscussion
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, OeeW 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 abundancesin
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.
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0.002
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0 0.005 0.01 0.015 0.02
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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.

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 alarge
range of dispersal rates. This can be seen in histograms of the
estimated levels of genetic differentiation (Fig. 3).
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Fig. 3. Frequency histograms for estimated levels of genetic
differentiation for arange of dispersal rates between Ow and Oewith
the bin containing the observed value noted by the arrow.

From the perspective of the Implementation Smulation
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). Ancther
aternative 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:

(@) 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) therisk 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
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the appropriateness of different levels of current J stock
depletion. It seemsunlikely that these differences of opinion
will be resolved at this meeting.

Therelative plausibility assigned to the level of incidental
take and J stock depletion will have only minor
consequences for the fina 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
conseguences 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 resultsand select RMP variantsthat 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 performancein termsof catch. Thisbecomesthe
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 | STs with high,
medium or disputed plausibility used to select the RMP
variant under (3).

(5) Derivealist 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 statisticsfor each trial
— RMP variant combination:

(a) Catch statistics

(i) The median annual commercial catch.

(ii) The median annua total catch (commercia and
incidental catches combined).

(iii) The median annual total catch by stock.

(b) Risk-related statistics

(i) Theinitia (year 2000) depletion of the‘J and ‘O’
stocks.

(i) The lower 5" percentile and median of the final
depletion distributions for the ‘J, the ‘O
(Baselines A, B and D) and the ‘O, and ‘O,
(Baseline C) stocks. These results are a'so 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’
(2); ‘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 ‘T stock (‘Jtrials’) and neither stock
(‘Etrias).

[Appendix 12 tables on following pages]
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