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Annex D

Specifications for the In Depth Assessment of western North Pacific
Minke Whales

C. Allison, C.L. de Moor and A.E. Punt
DRAFT — the details of some of these specifications remain to be finalised

A. Basic concepts and stock structure

The objective of this In Depth Assessment for western North Pacific minke whales is to review the current status of the
stocks and to examine the effect of future catches, for example as set by the Revised Management Procedure (RMP).
This assessment has been developed from the Implementation Simulation Trials previously used to test 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 (IWC, 2014b)®. 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, age and month) and recruit and how surveys index them. The
underlying dynamics model is age- and sex-structured and allows for multiple stocks.

The region to be managed (the western North Pacific) is divided into 22 sub-areas (see Fig. 1). Future surveys are unlikely
to cover sub-areas 1, 2, 3, 4 and 13 (see Table 3) so these sub-areas are taken to be Residual Areas in the current trials
(although allowance is made for future bycatches from some of these sub-areas —see section D). The term ‘stock’ refers
to a group of whales from the same breeding ground.
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Fig. 1. The 22 sub-areas used in the In Depth Assessment for North Pacific minke whales

! Since this Implementation Assessment is developed from the Implementation Simulation Trials framework, we continue to use the testing nomenclature
from the trials (e.g. conditioning rather than fitting).



Three fundamental hypotheses are considered to account for patterns observed in the results from the genetic
analyses?:

(i) thereis asingle J-stock that occurs to the west of Japan (Sea of Japan and Yellow Sea) and the Pacific coast of Japan
(sub-areas 2C, 7CS, 7CN, 11 and 125W) and a single O-stock in sub-areas to the east and north of Japan (2C, 2R, 3,
4,7CS, 7CN, 7WR, 7E, 8,9, 9N, 10E, 11, 12SW, 12NE and 13) (referred to as hypothesis A);

(i) as for hypothesis (A), but there is a third stock (Y) that resides in the Yellow sea (sub-areas 1W, 5 and 6W) and
overlaps with J-stock in the southern part of sub-area 6W (referred to as hypothesis B); and

(iii) there are four stocks, referred to Y, J, P, and O, two of which (Y and J) occur in the Sea of Japan, and three of which
(J, P, and O) are found to the east of Japan (referred to as hypothesis E). Stock P is a coastal stock.

Sensitivity tests in which there is a C-stock are also conducted based on stock structure hypotheses A and E. The C-stock
is found in sub-areas 9 and 9N for the sensitivity test based on stock structure hypothesis A and in these sub-areas as
well as sub-area 12NE for the sensitivity test based on stock structure hypothesis E. There is uncertainty regarding
whether C-stock is found in sub-area 12NE because of the lack of genetics data for this sub-area.

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 into account. The dynamics of the animals in stock j are
governed by Equations B.1(a) except for hypothesis E, which allows for dispersal (permanent movement between
stocks) as given by Equations B.1(b).
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where Nf; is the number of animals of gender g and age a in stock j at the start of year t;
Cf’;’ is the catch (in number) of animals of gender g and age a in stock j during year t (whaling is assumed
to take place in a pulse at the start of each year);
b/ is the number of calves born to females from stock j at the start of year t;
S, is the survival rate = e ™™= where M, is the instantaneous rate of natural mortality (assumed to be
independent of stock and sex); and
X is the maximum age (treated as a plus-group); and
DI is the dispersal rate (i.e. the probability of an animal moving permanently) from stock j to j'. It is

assumed that the numbers dispersing from the j-stock to the j’-stock are the same as from the j’-stock
to the j-stock at unexploited equilibrium and that the proportion of calves dispersing from the j-stock
to the j’-stock at equilibrium is the same as that from the j’-stock to the j-stock.

Note that projections start in year t=2021.

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

2See IWC, 2020 pp376-381 for details of the data and analyses used in the development of these hypotheses.



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.
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Al is the resilience parameter for stock j;
! is the degree of compensation for stock j;
NS is the number of ‘mature’ females in stock j at the start of year t:
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a, is the age-at-first-parturition; and
K" is the number of mature females in stock j in the pristine (pre-exploitation, written as t=-o0)
population:
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a=a,
The values of the parameters A’ and z’ for each stock are calculated from the values for MSYL! and MSYR' (Punt,
1999). Their calculation assumes harvesting equal proportions of males and females.

D. Catches

The operating model considers two sources for non-natural mortality: direct catches and bycatches (which are also
referred to as incidental catches). In future (t > 2020), the former are set externally (e.g. by the RMP or specified as a
time-series of fixed removals by sub-area), while the latter are a function of abundance and future fishery effort.

In cases in which the total catch limit (e.g. as set by the RMP) is less than the level of incidental catch, the total removals
are taken to be the incidental catch only whereas if this total catch limit exceeds the incidental catch (if any), the level
of the commercial removals is taken to be the difference between the total catch limit and the best estimate of the
incidental catch (see ‘Future incidental catches’ below).

D.1 Direct catches

The direct historical (pre-2021) catch series used are listed in Appendix 1 and include both commercial and special
permit catches. Details of the sources of the catch data are given in Allison (2011). The baseline trials use the ‘best’
direct catch series, and an alternative ‘high’ catch series is used in Trial 4. Trials 8 and 9 test the effect of the method
used to allocate historical catches between sub-areas 5 and 6W. If catch limits are set by the RMP, it will use the ‘best’
series in all cases; i.e. it will use what are in effect incorrect catches for Trials 4, 8 and 9 to examine the implications of
uncertainty about historical catches. Catch limits are set by Small Area. (Catches are always reported by Small Area).

Catches and bycatches are removed month by month from each sub-area. It is assumed that whales are homogeneously
distributed across a sub-area (excepting in sub-areas 7CS and 7CN in the future), so historical catches and the future
catch limits for a sub-area are allocated to stocks by sex and age relative to their true density within that sub-area, and
a catch mixing matrix V that depends on sex, age and time of the year (and may also depend on year), i.e.
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where  F9%d isthe exploitation rate in sub-area k on fully recruited (S — 1) animals of gender g during month g of
year t;
g
Sa is the selectivity on animals of gender g and age a :

S9 = (1_‘_6*(3*3%"0)/59 )1 (D.3)
N¢e.i isthe number of animals of gender g and age a in stock j at the start of month q in year t after removal

of catches in earlier months and after removal of any bycatches in month g;



ag,o? arethe parameters of the (logistic) selectivity ogive for gender g; and

k,
Ctg ! is the catch of animals of gender g in sub-area k during month q of year t (see Appendix 1 for the
historical catches).

. - . g.0ka . . . .
Each entry in the catch mixing matrix, Vl,a , is the fraction of males/females of age a from stock j that are found in

sub-area k during month q of year t. The catch mixing matrix is different for each month to reflect the effects of migration
between the breeding and the feeding grounds and back. Appendix 2 lists the catch mixing matrices considered. The
matrices are based on the presence/absence matrices developed at the First Intersessional Workshop (see IWC, 2020)
and represent the relative fraction of an age-class in each of the sub-areas during the months March-October. Once the
values of the parameters related to mixing rates (the ys — see section F) are specified (these are estimated separately
for each trial and each replicate during the conditioning process), the catch mixing matrices can be converted to
fractions of each age-class in each sub-area. The values for the y parameters are selected to mimic available data (see
Section F).

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

The trials model whale movements in the eight-months from March to October. In order to account for historical direct
and incidental catches outside these months, all catches in January-March are modelled as being taken in March and
the catches after October are assumed to have been taken in October. The historical direct catches by sex, sub-area,
month and year are given in Appendix 1.

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

sub-area 7CS and 7CN April to October (coastal/pelagic whaling outside a specified distance3)
7WR and 7E April to October (pelagic whaling)
8and9 April to October (pelagic whaling)
11 April to October (coastal and pelagic whaling)
12 April to October (coastal and pelagic whaling)

Future (t > 2020) commercial catches are allocated to sex, sub-area, month and year using the equation:

gk _ ~k A0k
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Quka is the fraction of the commercial catch in sub-area k of gender g that is taken during month g, the values of
which are given in Table 1a; and

k
) is the commercial catch limit for sub-area k and year t (t > 2020). Note that Ct is equal to the total catch
limit (e.g. as set by the RMP) less any reported incidental catch (constrained to be non-negative).

Entries in the Q matrix are determined by the options related to the sub-areas for which catch limits might be set; the
non-zero entries (see Table 1a) 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 and 9), the entries
in the Q matrix are set using the entire historical commercial and scientific catch in these sub-areas. In some instances
where regulations limited the commercial whaling season, the matrix entries have been adjusted using the special
permit data.

Future commercial catches are allocated to stock as described above (Equations D.1 and D.2) except in sub-areas 7CS
and 7CN where the genetic data show differences between nearshore and offshore catches. It is assumed future catches
will be taken offshore and are allocated to stock based on the mixing proportions set using genetic data from special
permit samples only (Table 2a). The process of allocating removals to stock within sub-areas 7CS and 7CN involves first

denoting the modelled mixing proportion used when conditioning, R , as:

2016 2016
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where Plit % is the average number of 1+ animals from stock j in sub-area k in month q of year t.

30perations preliminarily being considered would be limited ‘to outside a certain distance from the coast to minimise catch of J-stock whales’ (see
IWC, 2020 p387). The 2013 trials were conducted assuming whaling would be outside 10 n.miles.



The mixing proportions obtained from the offshore samples, Iik'q, are given in Table 2a. The proportion of J-stock
animals in some future year would normally be F’lirq/(Plitkq + Plftkq + Pli’tk'q) . For sub-areas 7CS and 7CN in future
this equation is adjusted to:

~k.,q kKa) . kandkag kg~ Jd.k.q P.k.q 0.k.q 1— RKI)R*A
(R #R ).a Pt /(a Pt TR +PRLT) where ak’qzw (D.4a)

The &*® factor is then applied to the recruited population from J-stock in sub-area k and month g when setting the
commercial catch by stock using Equations D.1 and D.2.

Table 1a

The Q matrix used to allocate future commercial catches for a sub-area to sex and month. The entries give the percentage of the catch in sub-area k
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. See text for description of how the entries are set. Values are set using catches taken up to and including 2018.

Sub-area Mar Apr May Jun Jul Aug Sept Oct Mar Apr May Jun Jul Aug Sept Oct
Males Females
7CS - 243 215 101 4.8 0.8 0.3 - - 21.7 126 2.8 0.7 0.3 - -
7CN - - 0.8 8.2 155 153 239 119 - 0.1 0.4 4.9 6.9 3.5 5.3 3.1
7WR - 0.9 45.0 303 2.8 0.9 6.4 - - - 8.3 2.8 2.8 - - -
7E - - 329 193 1.9 7.2 126 1.0 - - 3.9 1.9 5.3 5.3 8.7 -
8 - - 128 336 319 4.4 3.0 2.0 - - 2.7 2.0 3.4 2.0 0.7 1.7
9 - - 54 136 304 363 2.9 - - - 1.5 1.8 2.7 4.9 0.5 -
11 - 1.3 5.5 9.6 9.6 4.0 3.0 0.6 0.1 106 193 185 10.7 4.5 2.3 0.4
Table 1b

QB matrix: the percentage of the incidental catch in sub-area K that is taken by sex and month. The values are set using all available bycatches
known by sub-area, sex and month, up to and including 2016 (Japan) and 2017 (Korea). There are no known incidental catches in other sub-areas.

Sub-area Mar Apr May Jun Jul Aug Sept Oct Mar Apr May Jun Jul Aug Sept Oct Sanllei
Males Females
1E 171 921 132 921 1.32 0 0 395| 184 6.58 10.5 7.89 6.58 2.63 0 5.26 76
2C 15.1 43 242 081 1.08 0.54 0 142| 247 188 376 242 269 161 027 242 372
5 5.17 345 103 198 172 259 172 121| 948 431 776 7.76 3.45 0 172 8.62 116
6W 13.3 5091 6.6 475 267 3.01 417 146| 132 498 463 6.14 116 151 174 116 863
6E 155 9.88 6.79 2 2.5 2.5 1.2 9.08| 16.7 9.28 6.29 2.69 1.7 2.1 1.1 108 1002
7CS 7.89 5.02 104 7.17 251 1.08 0.36 115 10 896 9.32 8.6 215 143 1.08 125 279
7CN 419 479 359 838 7.19 1.8 1.2 9.58| 299 8.98 12 958 6.59 299 1.8 144 167
10E 0 0 0 0 0 5.56 0 556 0 0 0 5.56 0 0 0 333 18
11 0 0 0 4.08 0 0 6.12 245 0 0 184 184 4.08 0 204 224 49
Table 2a

Time-invariant fixed proportions by stock to be used in removing future commercial catches from sub-areas 7CS and 7CN for each for stock
hypothesis, based on the number of sampled whales that were assigned to each stock using the genetic data* limited to special permit samples only
[in the 2013 trials this was limited to >10nm]. The values are set using data from 1996-2016.

Sample size Proportion
Hypothesis  Sub-Area Months J-Stock O-Stock J-Stock O-Stock

A&B 7CS Apr 48 138 0.258 0.742

A&B 7CS May 89 255 0.259 0.741

A&B 7CS Jun-Sep 4 75 0.051 0.949

A&B 7CN Apr-Jun 12 139 0.079 0.921

A&B 7CN Jul-Dec 169 645 0.208 0.792

Sample size Proportion
Hypothesis  Sub-Area Months J-Stock P-Stock O-Stock J-Stock P-Stock  O-Stock

E 7CS Apr 0 188 0 0.000 1.000 0.000
E 7CS May 0 303 24 0.000 0.927 0.073
E 7CS Jun-Sep 0 5 73 0.000 0.064 0.936
E 7CN Apr-Jun 2 28 109 0.014 0.201 0.784
E 7CN Jul-Dec 10 574 225 0.012 0.710 0.278

4 From the data file “Data_NPM_190226_v3.csv”, based on “stock90” for Hypotheses A&B and “geneland.stock2” for Hypothesis E, using special
permit data only. The months are based on the same month-split used in 2013 for commercial catches. There were no special permit catches in sub-
areas 7CN & 7CS in Jan-Mar or in sub-area 7CS in Oct-Dec.



Table 2b

Time-invariant fixed proportions by stock to be used in removing bycatch from sub-areas 7CS and 7CN for each for stock hypothesis, based on the
number of sampled whales that were assigned to each stock using genetic data® limited to bycatch only, using data from 2001-2016.

Sample size Proportion
Hypothesis  Sub-Area Months J-Stock O-Stock J-Stock O-Stock

A&B 7CS Jan-Apr 43 34 0.558 0.442

A&B 7CS May 16 31 0.340 0.660

A&B 7CS Jun-Dec 86 34 0.717 0.283

A&B 7CN Jan-Jun 38 44 0.463 0.537

A&B 7CN Jul-Dec 51 15 0.773 0.227

Sample size Proportion
Hypothesis  Sub-Area Months J-Stock P-Stock O-Stock J-Stock P-Stock  O-Stock

E 7CS Jan-Apr 0 73 1 0.000 0.986 0.014
E 7CS May 0 49 2 0.000 0.961 0.039
E 7CS Jun-Dec 0 118 1 0.000 0.992 0.008
E 7CN Jan-Jun 12 69 0 0.148 0.852 0.000
E 7CN Jul-Dec 13 59 0 0.181 0.819 0.000

D.2 Incidental catches (also known as bycatches)
Incidental catches of minke whales are known to occur off Japan (in sub-areas 1E, 2C, 6E, 7CS, 7CN, 10E and 11 and
small numbers in 6W) and the Republic of Korea (sub-areas 5 and 6W and small numbers in 1W).

Japan: It has been obligatory to report bycatches in Japan since 2001 since when the bycatch numbers are considered
to be reliable. Earlier bycatches are believed to be under-reported based on the sudden increase in reported bycatches
in 2001. In view of this, the relationship between bycatch and set-net effort is integrated into the conditioning process,
with the advantage that the method is independent of the reporting rate prior to 2001. The reporting rate since 2001 is
assumed to be constant at 100% (except in Trial 4 — see below).

Almost all of the reported bycatch off Japan occurred in set-net fisheries. Three types of set nets are used off Japan:
large-scale (excluding salmon nets), salmon nets and small-scale. For fishing gears other than set-nets, incidental catch,
retention and marketing of whales are prohibited by the 2001 regulation and a diagnostic DNA registry is used to deter
illegal distribution of whales caught. Ideally, the catch by each gear type should be modelled separately to allow the
historical (pre-2001) bycatch to be predicted. However, information on numbers of catches by net type is not available.
Therefore, in the 2013 Implementation, the historical bycatches for each sub-area were set using the total number of
incidental catches and the combined number of large-scale and salmon nets in each sub-area. The numbers of salmon
nets since 2006 are not available and as the numbers caught in salmon nets are small in comparison to those from large-
scale nets (see Appendix 1). In the current trials, the historical bycatches are extrapolated using the total number of
incidental catches and the number of large-scale nets only in each sub-area over the period 2002-2018. For the best
effort series, the number of nets from Japan is extrapolated from 1946 to 1969 assuming a linear relationship from 0 in
1935 to the known number in 1970 (Tobayama et al., 1992). Incidental catches before 1946 are ignored because
although some set-nets were in operation before 1946 (Brownell, pers. comm.) the numbers are highly uncertain and
are sufficiently small that they are unlikely to affect the conditioning process.

The year 2001 is excluded from the fitting because the catch data are incomplete, as the new regulations date from
June 2001. A high effort series is also generated, for use in Trial 4, in which the number of nets is double the best-case
values from 1946-1969, up to a maximum equal to the number of nets in 1969. In Trial 4 all bycatches are assumed to
be under-reported and are adjusted upward by a factor of 2.

Korea. The same method is used as for Japan above except the incidental catch numbers from 1996-2009 (sub-area 6W)
and 2000-2009 (sub-area 5) are used to extrapolate backwards and the incidental catch numbers are adjusted to allow
for underreporting. The bycatches in sub-area 6W (the East Sea) are adjusted upward by a factor of 2. The factor 2 is
based on DNA profiling and a capture-recapture analysis of market products that estimated a total of 887 whales going
through Korean markets from 1999-2003, in comparison to the reported catch of 458 whales (Baker et al., 2007). The
baseline trials assume that the bycatches in the Yellow Sea (sub-area 5) are fully reported as there is no evidence of
under-reporting. The ‘high’ effort series for sub-area 5 used in Trial 4 will apply the same estimate of under-reporting
as for sub-area 6W (i.e. a factor of 2) and the number of nets is set to the maximum of either double the base-case
values or the number of nets in 1969.

To account for bycatch prior to 1996, the average for the adjusted takes are used to extrapolate backwards to 1946
based on fisheries effort using the same approach as for Japan. Incidental catches before 1946 are ignored as for Japan.

5 From the data file “Data_NPM_190226_v3.csv”, based on “stock90” for Hypotheses A&B and “geneland.stock2” for stock hypothesis E, using bycatch
data only. The months are based on the same month-split used in 2013 for bycatches.



China. There are no data on incidental catches off China, although they are known to occur. The trials therefore consider
two (essentially arbitrary) scenarios: (i) the incidental catch by China is twice that reported by Korea in sub-area 5); and
(i) incidental catches off China are ignored. The first of the options forms part of the baseline specifications and the
second is included in a sensitivity test (Trial 12) to determine the effects of the base case assumptions.

. K . .
Allocation to sex and month. Bycatches by sex, sub-area; month and year, CB(‘?t q, are set using the equation:

9kag _ ~k ~9ka
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Bg‘k‘q is the fraction of the bycatch of gender g in sub-area k which is taken during month g and, the values of which

are given in Table 1b; and
k . . .
CB‘t is the bycatch in sub-area k and year t (as estimated by the model).
To avoid a proliferation of sub-areas and to avoid the need for finer time-steps than month, incidental catches in sub-

areas other than 7CS and 7CN are apportioned to stock and age class in the same way as for the commercial catches in
Equations D.1 and D.2, but assuming that the bycatch is taken uniformly from all age classes (i.e. selectivity=1). Thus
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FB%‘k‘q is the bycatch removal rate for gender g in sub-area k (all sub-areas except 7CS and 7CN) during month q of year t
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In sub-areas 7CS and 7CN, (where the genetic data show differences between nearshore and offshore catches)
bycatches are taken nearshore and so are allocated to stock using mixing proportions calculated from the number of
sampled whales that were assigned to each stock using genetic data from bycatches only (Table 2b).

Nf(‘ﬂa = than (l—Vt’ga’j'k'q FB?;k'q) for all sub-areas except 7CS and 7CN and
thq‘a = thq'a (1— F;;k’q'j) for sub-areas 7CS and 7CN,

FB?{k‘q'j is the removal rate due to bycatch of gender g and stock j in sub-area k (sub-areas 7CS and 7CN) during month

g of year t.
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Cé}k’q is the bycatch of animals of gender g in sub-area k during month q of year t (given by Equation D.5).

where pkai is given by Table 2b; and

k
The historical bycatch model: The historical bycatch CB,t in sub-area Kk in year t is given by:
k kpkpk
Cs = A*RYE, (D.6)

where AX is the bycatch constant, gk is the number of nets in sub-area k during year t and R is the total population
size (including calves) in sub-area K in year t averaged over all 8 time periods. In Trial 17, the abundance p* in Equation

D.6is replaced by\/(Rk) to test an alternative assumption for the relationship between bycatch and abundance and the

impact of possible saturation effects. The values of the bycatch constants are set by fitting during the conditioning
process (see section F). In years where actual numbers of bycatches are known, these are the values removed from the
population rather than the model estimated values.

The recent bycatches and the numbers of set-nets by type, year and area are listed in Appendix 1. Further details are
given in Annex H of IWC (2012a).



Future bycatches: Future bycatches by sub-area (except in sub-areas 7CS and 7CN) are generated assuming that the

exploitation rate due to bycatch in the future equals that estimated for the trial in question for the most recent five-
years of data used in the conditioning process, i.e.:

k =k Lk

Cy,, =F P (D.7)

k k
where CB,t is the bycatch in sub-area k in year t, R is the total population (including calves) in sub-area Kk during year
t averaged over all 8 time periods (March-October), and F¥ is the average exploitation rate (sum over years of the
known bycatch divided by the sum over years of P*) over the last five years of the period used for conditioning (2016-
20 for sub-areas off Japan and 2015-19 for those off Korea), i.e. F is reset for each of the 100 simulations within a trial.
Thus, the future bycatch by sex, month and sub-area is given by:

coka Qg’k'q EX Rk (D.7a)

Bt

For Trial 17, the abundance R* in Equation D.7a is replaced by \/(Rk ) .

To avoid possible dis-proportionate bycatches of J- to O-stock whales, Equation (D.7a) is replaced with (D.7b) in sub-
areas 7CS and 7CN.

Ka _ gkok ~gk,
Cor =R F Qg (D.7b)
where Bk is the availability-weighted population size in sub-area k during month q:
. pra  prac
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where P is the average number (including calves) of stock j animals in sub-area k during month g over the last five
years of the period used for conditioning;

k,q,j

K.d,] .
Pt o is the total population size (including calves) of stock j in sub-area k during month q of year t;

%9 s a relative availability factor for J whales relative to O whales:

o _ Q=P P

51 prao (D.9)
pod is the weighted mean proportion of J-stock in sub-area k during month g (as given in Table 2b).
This bycatch is allocated to stock as follows:
cokad _ R coka (D.10a)
Bt 2ka ptg,k,q,O n Ptg,k,q,J B.t ’
k.9 d.k.q.0
cgrao _ ﬂk’qé'k’qﬁo e ck (D.10b)

where Rg o is the total population size (including calves) of animals of gender g from stock j in sub-area k during

month g of year t.

Reported bycatches

A single series of historical bycatches will be used for all of the trials when applying the RMP (i.e. for calculating catch
limits), irrespective of the true values of the bycatches, which differ both among trials and simulations within trials. The
estimate of the historical bycatches used by the CLA will be set to the averages of the predicted bycatches based on the
fit to the actual data® of the operating model for the six baseline trials (i.e. using the ‘best fit’ simulation (0)). The series
will be generated after conditioning is complete (see Appendix 1).

The future bycatches used when applying the RMP are the true bycatches in all sub-areas’, except for Trial 4 (in which
the estimated bycatches are in error to reflect the under-estimation of bycatch inherent in these trials) and Trial 12 (in
which the bycatch by China is taken to be zero).

5 In the case of sub-area 6W the actual data is the adjusted bycatch data.
7 Including sub-area 6W since the best estimate of bycatches in this area is the adjusted figure.



E. Generation of data

In 2013, the Implementation Simulation Trials (IWC, 2014b) used to test the performance of the RMP required estimates
of future abundance to be generated. This is retained in the control program and so is documented below, although it
is unnecessary for the current assessment.

The plan for future sightings surveys is listed in Table 3a. Surveys will be conducted by Japan in sub-areas 7CS, 7CN,
7WR, 7E, 8,9, 11, 12SW and 12N. Additional surveys will be conducted by Japan in sub-areas 6E, 10W, 10E and by Korea
in sub-areas 5 and 6W (see IWC, 2020 p382), but they are not listed here as they are not required for setting future
catch limits and so are not modelled in the trials. Table 3b shows how surveys will be combined for areas that are
combinations of sub-areas.

The estimates of absolute abundance (and their associated CVs) that are provided to the CLA for the years prior to
management are given in Table 4. Estimates of abundance are generated for any surveys which have already been
conducted but for which the results are not yet available.

The sightings mixing matrix for a year in which a survey takes place is the average of the catch mixing matrices over the
two survey months in that year (April-May for surveys to the west of Japan or August-September for the remainder).
The values for the parameters of the various distributions have been selected to achieve CVs for Small Areas comparable
to those for the surveys in Table 6. The future estimates of abundance for a Small Area (say Small Area E) are generated
using the formula:

P=PYw/u=P f'Yw (E.1)
Y is a lognormal random variable Y =e* where £ ~ N [O, 0'2:| and o’ =Ln(a*+1);
w is Poisson random variable with E(w) = var(w) = .« = (P/P™)/ g?; (Y and w are independent);
P is the average current total (1+) population size in the Small Area (E) over the survey period:

PaR=Y T TSNy (€2

keF geSurveyPeriod g a=

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

F is the set of sub-areas making up Small Area E.
Note that under the approximation CV?(ab)=CV?(a)+CV?(): E(P)=P and CV2(P)=a?+ B2P /P

For consistency with the first stage screening trials for a single stock (IWC, 1991, p.109; 1994, pp.85-86), the ratio
a?:%=0.12:0.025, so that:

CV (P)=17(0.12+0.025P* / P)V/2 (E.3)

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

J(@?+ 52)=0.38¢ (E.4)

The values of rapplicable to each sub-area are calculated separately for each replicate once the conditioning has been
accomplished by substituting the true value of the CV for each abundance estimate used in conditioning (Table 6)8 and
the corresponding model depletion level into Equation E.3. If more than one abundance estimate exists for a particular
sub-area, the value assumed for ris calculated taking the true CV to be the root mean square of the values obtained
from the abundance estimates for that sub-area, and the depletion to be the mean value over the corresponding years.

An estimate of the CV, X, is also generated for each sightings estimate, B, :

X, =y(6? 7° In) (E.5)

2 is a random number from a Chi-square distribution with n=10 degrees of

where o2 =Ln(l+a?+ B2P"/B), and x
freedom. The value 10 is chosen to roughly indicate the number of trackline segments in a sightings survey in a Small

Area.

The trials will be based on the use of two alternative values for g(0) in the conditioning process: g(0) = 0.798 (the base
case value) and g(0)=1 (Trial 3) (IWC, 2012a, p.417; Okamura et al., 2010). When g(0) = 0.798 the values of the operating
model abundances are multiplied by this factor when setting the future survey estimates of abundance.

8 Excluding zero, minimum and maximum estimates and those assumed to apply to adjacent areas.



Table 3a

Past and planned future Japanese surveys to the North and East of Japan. The survey coverage is given in parentheses. Future coverage in sub-areas
7CN, 7WR and 7E is expected to be similar to the values below (because of territorial issues). Coverage in sub-areas 8 and 9 assumes that future
surveys include the Russian EEZ. Future coverage in sub-areas 11 and 12SW (of 30.1% and 48.9% respectively) excludes areas in the Russian EEZ that
cannot be surveyed until the resolution of territorial issues with Japan. Future coverage in sub-area 12NE (of 46.4) reflects the area which cannot be
surveyed in the North and East because of Russian restrictions. * Estimate=0; # surveys covered different parts of sub-area 12NE each year.

7CS

7CN

7WR

7E

8

9

11

125sW

12NE

1990
1991

1992

Aug-
Sep*(100%)

Aug-Sep(100%) Aug-Sep(100%)

Aug (62%)

Aug (61%)

Aug-Sep(100%) Aug-Sep(100%) Aug-Sep(100%)

Aug-Sep (100%)

1999
2000
2001
2002
2003
2004

May (37%)

May-Jun (27%)
May-Jun (89%)

My-Jun (57%)

Jun-Jul*(65%)

Jun (41%)

Jul-Sep (33%)

Aug-Sep(100%)

Aug-Sep (64%)

Aug-Sep (34%) Aug-Sep(100%) Aug-Sep (41%)

2005

2006 Jun-Jul (100%)

2007
2008
2009
2010
2011
2012

Aug* (100%)

May-Jun (100%) May-Jun (75%)

May-Jun (100%) May-Jun (67%)

Aug* (75%)

Sep (67%)

Jun-Jul (89%)
Aug* (89%)
May-Jun (89%)

Jun (89%)

My-Jun (57%)
Jun-Jul* (57%)"
Aug* (57%)

Jun*(57%)

May-Jul (65%)
May-Jul (65%)

Jun-Jul (65%)

Jul-Aug*(65%)
May-Jun (57%) May-Jun (65%)

May (65%)

Jul-Aug (87%)
May-Jun (63%)

May (87%)

Aug-Sep (20%)

2013
2014
2015
2016

2017

2019

Aug-
Sep*(100%)

May-Jun(100%) May-Jun (75%)
2018 May-Jun(100%) May-Jun (75%)

Sep (75%)

Jul-Aug (67%)

May-Jun (89%)

Jul-Aug (89%)

May-Jun (89%)

Jun*(57%)  May-Jun (65%)

Aug-
Sep*(100%)

May-Jun (57%)

May (87%)

Aug (35%)

May-Jun (22%)

Aug-Sep*(17%)
Aug-Sep*#(28%)

Aug” (14%)
Aug” (11%)
Aug-Sep*(16%)

2020
2021
2022
2023

Aug-Sep

Aug-Sep

Aug-Sep

Aug-Sep

Aug-Sep

Aug-Sep

2024
2025
2026
2027

Aug-Sep

Aug-Sep

Continue in future in the same pattern.

Table 3b

Component survey estimates to include in estimates for areas that are combinations of sub-areas. Requires updating if used in future.

Cc4=7,8 C5 =7WR,7E,8 C6=7,8,9,11 C7=7,8,9,11,12

1991 Yes?: 1990-91 Yes?: 1990-91 Yes?: 1990-91 Yes@: 1990-92
2003 Yes: 2002-04 Yes: 2002-04 Yes: 1999-04 Yes: 1999-04
2006 Yes®: 2005-07 Yes®: 2005-07 - (see‘) - (see®)
2013 Yes: 2012-3 Yes: 2013 Yes: 2012-14 Yes: 2012-14
2016 - - - -

2017 Yes: 2016-17 Yes: 2017 Yes: 2016-18 Yes: 2016-18
2018 - - - -

2019 - - - -

2020 - - - -

2021 Yes: 2020-21 Yes: 2021 Yes: 2020-22 Yes: 2020-22
2022 - - - -

2023 - - - -

Continue in future in the same pattern.

a) The abundance estimates set for the combined sub-areas in 1990-92 assume a zero contribution from sub-area 7E as there is no available estimate for
sub-area 7E to include.
b) The abundance estimates set for combined areas C4 and C5 in 2005-07 assume a zero contribution from sub-area 7CN as there is no sub-area 7CN
estimate to include.
c) There are no 2005-2011 abundance estimate for sub-areas 9 and 12 to include in combination estimates C6 and C7; no C6 or C7 estimates are generated
in this period.



Table 4

List of historical abundance estimates agreed in 2013 for use by the CLA; requires updating if they are to be used in future. Further details are given
in IWC, 20144, pp.126-9. All estimates are calculated assuming a value of 1.0 for g(0) but the trials (except Trial 3) assume that g(0) = 0.798.

Year SubA Period Est. cv Year SubA Period Est. cv Year  SubA Period Est. cv
1991 7CS  Aug-Sep 42*  0.603 1990 8 Aug-Sep 1,057 0.705 1990 11  Aug-Sep 2,120 0.449
2004 7CS  May 504 0.291 2002 8 Jun-ul 63.6*  0.603 1999 11  Aug-Sep 1,456 0.565
2006 7CS  Jun-Jul 3,690 1.199 2004 8 Jun 1,093 0.576 2003 11  Aug-Sep 882 0.820
2012 7CS  May-Jun 890 0.393 2005 8 May-Jul 132 1.047 2007 11  Aug-Sep 377 0.389
1991 7CN  Aug-Sep 853 0.23 2006 8 May-Jul 309 0.677 1990 12SW Aug-Sep 5,244 0.806
2012 7CN  Sept 398  0.507 2007 8 Jun-ul 391 1.013 2003 12SW Aug-Sep 3,401 0.409
1991 7WR Aug-Sep 311 0.23 1990 9 Aug-Sep 8,264 0.396 1990 12NE Aug-Sep 10,397 0.364
2003 7WR  May-Jun 267 0.700 2003 9 Jul-Sep 2,546  0.276 1992 12NE Aug-Sep 11,544 0.380
2004 7WR May-Jun 863 0.648 1999 12NE Aug-Sep 5,088 0.377
2007 7WR  Jun-Jul 546  0.953 2003 12NE Aug-Sep 13,067 0.287
2004 7E  May-Jun 440 0.779

2006 7E  May-Jun 247  0.892

2007 7E  Jun-Jul 52.6* 0.603

The trials assume that it takes two years for the results of a sighting survey to become available to be used by a
management procedure, i.e. a survey conducted in 2019 would first be used for setting the catch limit in 2021. Tables
3a and 3b list the pattern for future surveys and also show how results of surveys from different sub-areas are combined
for use in variants in which Small Areas are comprised of more than one sub-areas. If a Small Area is comprised of sub-
areas that are surveyed in different years, the combination abundance estimate is taken to be a summation of the
estimates of abundance in the sub-areas over the years and taken to refer to the mean year (where the mean year is
defined as the centre year in the set, or the later of two if this yields a half-integral year) (IWC, 1999). In cases in which
the combined survey used more than one abundance estimate from the same sub-area, the abundance estimates are
pooled using inverse variance weighting.

F. Parameter values and Conditioning
The biological parameters (natural mortality, age-at-maturity) and the technological parameters (selectivity) will be the
same as for the previous Implementations (IWC, 1992a, p.160; IWC, 2014a, pp.133-180) (based on those for N Atlantic
minke whales, IWC, 1992b, p.249)° i.e.:

Table 5

The values for the biological and technological parameters that are fixed

Parameter Value

Plus group age, x 20 yrs
Age-at-first-parturition, dm My =7; op=12;

first age at which a female can be mature is three,
Selectivity: Males and Females L =4; o, =12

Maximum Sustainable Yield Level, MSYL 0.6 in terms of mature female component of the population

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

0.085 ifa<4
M, =10.0775+0.001875a if4<a<20
0.115 ifa>20

The MSYR scenarios are specified in Section G.

The ‘free’ parameters of the above model are the initial (pre-exploitation) sizes of each of the stocks, the values that
determine the mixing matrices (i.e. the y parameters), the bycatch constants (Ax). The process used to select the ‘free’
parameters is known as conditioning. The conditioning process involves first generating 100 sets of ‘target’ data as
detailed in steps (a) and (b) below, and then fitting the population model to each (in the spirit of a bootstrap). The
number of animals in sub-area k at the start of year t is calculated starting with guessed values of the initial population
sizes and projecting the operating model forward to 2020 to obtain values of abundance etc. for comparison with the

° The values are consistent with the results from JARPN. Japanese scientists advised that the above approach is appropriate given the well-known
practical difficulties in using earplugs for age determination of North Pacific common minke whales. However, they also noted that technical
advances mean that it may be possible to obtain age estimates in the future (IWC, 2014b, p.492).



generated data'l®. When performing the projections, the direct catches and known bycatches from each sub-area are
set to their historical values — Appendix 1 and the bycatches are set as detailed below).

The information used in the conditioning process is as follows.

(a) Abundance estimates
The target values for the historical abundance by sub-area (except for the maximum and zero estimates — see below)
are generated using the formula:

R = O explut —(o()? /2] ¢~ N[0;(5{)?] (F.1)
Rk is the abundance for sub-area k in year t
oF is the actual survey estimate for sub-area k in year t (see Table 6); and

k
o, is the CV of OF.

The trials are based on the two alternative values for g(0) in the conditioning process: g(0)=0.798 (the base case value)
and g(0)=1 (Trial 3) (IWC, 2012a, p.417; Okamura et al., 2010). When g(0)=0.798 the values of the operating model

k
abundances ( P ) are multiplied by this factor for comparison with the conditioning targets.

Minimum abundance estimates:
Table 6 includes several survey estimates that are assumed to be minima'l. Target values for these are similarly
generated using Equation (F.1).

Maximum abundance estimates.

Bounds need to be placed on the maximum size of populations in sub-areas 5 and 6W as there is insufficient information
to estimate the abundance in sub-areas 5 and 6W, given that the only estimates available for these sub-areas have very
low survey coverage. Target values were generated as P} = Z} /9F, where ZF is the minimum estimate for the survey
in the same year and period and 19{‘ is the proportion of the sub-area that was covered by the survey.

A maximum abundance of 500 whales in sub-area 2R in August-September 2009 was imposed in hypothesis C in the
2013 trials, to avoid undesirably high number of animals in this area. A need for such a requirement will be reviewed
on inspection of the conditioning results.

Zero abundance estimates:
Table 6 includes several survey estimates of zero abundance. The target values for the historical abundance are
generated using an overdispersed Poisson distribution.

(b) Proportion estimates

Estimates of the number of genetic samples assigned by stock in sub-areas 2C, 6W, 7CS, 7CN, 7WR, 10E and 11 are
generated from a multinomial distribution that correspond to the observed data (see Table 7a). Some of the mixing
proportions are based on data from several years so the model estimates to which these proportions are fitted during
conditioning are sample size-weighted year-specific proportions.

Estimates of the proportion of recruited J-stock whales in sub-areas 6W (see Appendix 3 for how these proportions are
estimated) are generated from appropriately truncated normal distributions that correspond to the observed data and
are based on mtDNA and other genetic information (see Table 7b). Some of the mixing proportions are based on data
from several years so year-specific proportions weighted by sample size are fitted during conditioning. A minimum
standard error for the mixing proportions of 0.05 was imposed so as to prevent a few of the mixing proportions from
dominating the conditioning processes — see IWC (2012c, p.106).

(c) Fixed stock proportion in sub-area 12SW

The data for sub-area 12SW are limited and so the proportion of J-stock in sub-area 12SW in June is fixed at 20% in the
baseline trials. This value reflects a rough average of the J-stock mixing proportions for sub-area 11 (J-stock animals in
sub-area 12SW need to pass through sub-area 11). Since the proportions for sub-area 11 are calculated from the 1984-
1999 data, the 20% is taken as an average over these same years. Sensitivity trials test different levels of the sub-area
12SW proportion. In Trial 10 the proportion is 10 % (with 0% J-stock in sub-area 12NE as for the base case) and in Trial
11 the proportion is 30% (with 10% J-stock in sub-area 12NE in the same months/years; the mixing matrix is adjusted
accordingly). In Trial 21 the proportion of J-stock in sub-area 12NE in May-July is fixed at 10%.

10 15 order to check that the conditioning exercise has been successfully achieved, plots such as those shown in IWC (2003, pp.473-80) will be
examined, together with time-trajectories of the fraction of each stock in each sub-area.

1 Survey estimates based on less than 70% coverage are treated as ‘minima’ (except in sub-areas where there are no other estimates).



Table 6

Abundance data used to condition the trials**. All estimates were calculated assuming g(0)=1 whereas the conditioning process assumes g(0) =
0.798 (excepting Trial 3). See IWC, 2014a, pp. 126-9 for details of estimates used in the 2013 implementation.

STD % Areal

Sub-area  Year Season? X & CV¢  Mode! Use for Conditioning?® Source
estimate! coverage

5 2001 Apr-May 1,534 0.523 NC 13 Min & Max’ An et al, 2010
5 2004 Apr-May 799 0.321 NC 13 Min & Max’ An et al, 2010
5 2008 Apr-May 680 0.372 NC 13 Min & Max' Anetal, 2010
5 2011 Apr-May 587 0.405 NC 13 Min & Max’ Park et al, 2012

6W 2000 May 549 0.419 NC 14.3 Min & Max’ An et al, 2010

6W 2002 May-Jun 391 0.614 NC 143 Min & Max' Anetal, 2010

6W 2003 Apr-May 485 0.343 NC 143 Min & Max' An et al, 2010

6W 2005 Apr-May 336 0.317 NC 14.3 Min & Max’ An et al, 2010

6W 2006 Apr-May 459 0.516 NC 143 Min & Max' An et al, 2010

6W 2007 Apr-May 574 0.437 NC 143 Min & Max' Anetal, 2010

6W 2009 Apr-May 884 0.286 NC 14.3 Min & Max’ An et al, 2010

6W 2010 Apr-May 1,014 0.387 NC 23.6 Min & Max’ An et al, 2011

6E 1992 Aug-Sep 893 0.67 56.8 Yes Miyashita & Shimada, 1994
6E 2002 May-Jun 891 0.608 NC 79.1 Yes Miyashita et al, 2009

6E 2003 May-Jun 935 0.357 NC 79.1 Yes Miyashita et al, 2009

6E 2004 May-Jun 727 0.372 NC 79.1 Yes Miyashita et al, 2009

10W 2006 May-Jun 2,476 0.312 10-PS 59.9 Yes Miyashita & Okamura 2011
10E 1992 Aug-Sep 707 0.57 30.0 Yes Miyashita & Shimada, 1994
10E 2002 May-Jun 1,192 0.658 NC 100 Yes Miyashita et al, 2009

10E 2003 May-Jun 591 0.566 NC 100 Yes Miyashita et al, 2009

10E 2005 May-Jun 875 0.441 NC 64 Min IWC, 20143, pp.126-9

10E 2007 Jun 672 0.327 10-PS  80.1 Yes Miyashita et al, 2009

10E 2014 Sep 872 0.585 100 Yes Miyashita, 2019

10E 2018 May-Jun 620 0.478 100 Yes Hakamada et al, 2019

7CS 2004 May 504 0.291 NC 36.7 Min IWC, 20143, pp.126-9, 181

7CS 2006 Jul 3,690 1.199 NC 100 Yes Hakamada & Kitakado, 2010

7CS 2012 May-Jun 537 0.346 100 Yes Hakamada et al, 2016

7CS 2016 Aug 0 - 100 Yes Hakamada et al, 2019

7CS 2017 May 284 0.497 100 Yes Hakamada et al, 2019

7CS 2018 May-Jun 245 0.828 100 Yes Hakamada et al, 2019

7CN 2012 May 542 0.601 66.7 Min Hakamada & Kitakado, 2010

7CN 2012 Sep 599 0.525 66.7 Min Hakamada et al, 2016

7CN 2014 Sep 244 0.454 75 Yes Hakamada et al, 2016

7CN 2016 Aug 185 0.423 66.7 Yes Miyashita, 2019

7CN 2017 May 179 0.377 75 Yes Hakamada et al, 2019

7CN 2018 May 212 0.784 75 Yes Hakamada et al, 2019

7WR 2003 May-Jun 267 0.7 NC 26.7 Min IWC, 20143, pp.126-9

7WR 2004 May-Jun 863 0.648 NC 88.8 Yes Hakamada & Kitakado, 2010

7WR 2007 Jun-Jul 546 0.953 88.8 Yes Hakamada & Kitakado, 2010

7WR 2012 Jun 378 0.79 88.8 Yes Hakamada & Matsuoka 2016

7WR 2013 May-Jun 65 1.007 89 Yes Hakamada et al, 2019

7WR 2016 Aug 75 1.062 89 Yes Hakamada et al, 2019

77CWN+77(\::/; 1991 Aug-Sep 1,164 0.183 Yes Butterworth & Miyashita, 2014

7E 2004 Jun 440 0.779 NC 57.1 Yes Hakamada & Kitakado, 2010
7E 2006 May-Jun 247 0.892 NC 57.1 Yes Hakamada & Kitakado, 2010
7E 2007 Jun-Jul 0 - 57.1 Yes Hakamada & Kitakado, 2010
7E 2012 Jun 0 - 57.1 Yes Hakamada & Matsuoka 2016
7E 2013 Jun 0 - 57.1 Yes Hakamada et al, 2019
7E 2016 Aug 0 - 57.1 Yes Hakamada et al, 2019
8 1990 Aug 1,057 0.706 NC 62.2 Yes Buckland et al, 1992; Miyashita pers com 2021
8 2002 Jun-Jul 0 - NC 65 Yes Hakamada & Kitakado, 2010
8 2004 Jun 1,093 0.576 NC 40.5 Min Hakamada & Kitakado, 2010
8 2005 May-Jul 132 1.047 NC 65 Yes Hakamada & Kitakado, 2010
8 2006 May-Jul 309 0.677 NC 65 Yes Hakamada & Kitakado, 2010
8 2007 Jun-Jul 391 1.013 65 Yes
8 2008 Jul-Aug 0 - 65 Yes Hakamada & Matsuoka 2016
8 2009 May-Jun 602 0.725 65 Yes Hakamada & Matsuoka 2016
8 2011 May 121 0.966 65 Yes Hakamada & Matsuoka 2016
8 2013 May-Jun 413 0.586 65 Yes Hakamada et al, 2019
9 1990 Aug 3,287 0.819 NC 61.4 Yes Buckland et al, 1992; Miyashita pers com 2021
9 2003 Jul-Sep 2,546 0.276 NC 33.2 Min Hakamada & Kitakado, 2010
9 2008 Jul-Aug 2,458 0.664 87 Yes Hakamada et al, 2016
9 2009 May-Jun 2,079 0.688 63 Yes Hakamada et al, 2016
9 2011 May 115 1.025 87 Yes Hakamada et al, 2016
9 2015 May 140 0.963 87 Yes Hakamada et al, 2019

9N 2005 Aug-Sep 420 0.969 I0-PS 67.8 Yes Miyashita & Okamura 2011

2011 May-Jun 115 1.05 Yes Hakamada et al, 2016




Table 6 continued

Sub-area  Year Season? .STD Y CV¢  Mode! Wl Use for Conditioning?® Source
estimate! coverage

11 1990 Aug-Sep 2,120 0.449 NC 100 Yes Buckland et al, 1992. IWC, 2004, p.124

11 1999 Aug-Sep 1,456 0.565 10 100 Yes IWC, 2004, p.124

11 2003 Aug-Sep 882 0.826 10-AC  33.9 Min Miyashita & Okamura, 2011

11 2007 Aug-Sep 377 0.389 I0-PS  20.2 Min Miyashita & Okamura, 2011

11 2014 Aug 306 0.679 35 Min Miyashita, 2019

11 2018 May 235 0.481 21.7 Min Hakamada et al, 2019

125W 1990 Aug-Sep 4,774 0.508 NC 100 Yes Buckland et al, 1992. cv recalculated (Miyashita

pers. comm 2021).
12SW 2003 Aug-Sep 3,401 0.409 10-AC 100 Yes Miyashita & Okamura, 2011
Buckland et al, 1992. Recalculated Miyashita

12NE 1990 Aug-Sep 11,805 0.377 NC 100 Yes pers. comm Nov 2021
Miyashita & Shimada, 1994; Recalculated
12NE 1992  Aug-Sep 11,051 0.705 NC  [100] Yes Miyashita pers. comm Nov 2021
12NE 1999 Aug-Sep 5,088 0.377 NC 63.8 Min IWC, 20143, pp.126-9
12NE 2003 Aug-Sep 13,067 0.287 10-AC 41 Min Miyashita & Okamura, 2011

** The above table lists estimates used in conditioning, including corrections received from Japan. The Secretariat maintains a full list of estimates
including details of other estimates and the reason they were not included in the above table.

@ Season: if a survey took place in less than 20% of a month, that month was not used as part of the survey-time-period in the likelihood calculation.

b Standard (STD) estimate based on ‘Top and Upper bridge’ assuming g(0)=1, but subsequently corrected by estimate of g(0) for the combined
platform ‘Top and Upper bridge’.

¢ CV does not consider any process errors.

d Mode: NC=Normal-closing, 10-PS=Passing with 10 mode, I0-AC=Abeam-closing with 10 mode. (STD estimates by different modes, NC, 10-AC, I0-
NC, are considered comparable.)

€Survey estimates based on less than 70% coverage are treated as ‘minima’ (except in sub-areas where there are no other estimates).

f Maximum values are calculated as the best estimate / coverage.

(d) Fixed stock proportion in sub-area 9 and 9N

The data for sub-area 9 are also limited. For Trials 2 and 23, which assume a C-stock that mixes with the O-stock in sub-
area 9 and 9N, the proportion of O-stock is assumed to be 0.5 during August and September in 1995. This is based on
the ratio assumed in 9W in 2003. For hypothesis E, Trial 2 the same proportion is also assumed in 12NE in August and
September 1995 (but not in Trial 23).

Table 7a

The number of sampled whales that were assigned to each stock using the genetic assignment data based on STRUCTURE (Hypothesis A & B) and Geneland
(Hypothesis E) using a 90% probability of assignment, except for Trial 5 where a 70% probability of assignment is used. In sub-areas 7CS and 7CN the baseline
and Trial 5 proportion of whales assigned to each stock is weighted by 5/60 of the bycatch proportion and 55/60 of the special permit proportion. The number
assigned by stock is then taken as this proportion multiplied by the total number of assigned animals. In Trial 6 the proportion of whales assigned to each stock
is weighted by 2/60 of the bycatch proportion and 58/60 of the special permit proportion, while in Trial 7 10/60 of the bycatch proportion and 50/60 of the
special permit proportion are used. These data are used to condition the trials.

Hypothesis Trial Area Years Months Sex Total Bycatch Samples Special Permit Weighted Total
Sample Samples
J-Stock  O-Stock  J-Stock  O-Stock  J-Stock  O-Stock

A&B Baseline 2C 2002-16 Jan-Apr M+F 155 127 28 127 28

A&B Baseline 2C 2001-16 May-Sep M+F 56 46 10 46 10

A&B Baseline 2C 2001-16 Oct-Dec M+F 134 122 12 122 12

A&B Baseline 7CS 2002-16 Jan-Apr M+F 263 43 34 48 138 74 189

A&B Baseline 7CS 2001-16 May M+F 391 16 31 89 255 104 287

A&B Baseline 7CS 1999-2016 Jun-Dec M+F 199 86 34 4 75 21 178

A&B Baseline 7CN 2002-16 Jan-May M+F 100 27 29 6 38 17 83

A&B Baseline 7CN 1999-2016 Jun M+F 133 11 15 6 101 12 121

A&B Baseline 7CN 1996-2016 Jul-Sep M+F 610 16 13 103 478 127 483

A&B Baseline 7CN 2001-16 Oct-Dec M+F 270 35 2 66 167 91 179

A&B Baseline 10E 2001-16 Jun-Dec M+F 15 14 1 14 1

A&B Baseline 11 1996-2012 May-Dec M 57 28 29

A&B Baseline 11 1996-2015 May-Dec F 58 28 30

Hypothesis Trial Area Years Months Sex Total  J-Stk P-Stk O-Stk J-Stk P-Stk O-Stk  J-Stk P-Stk O-Stk
Sample

E Baseline 2C 2002-16 Jan-Apr M+F 138 107 31 107 31 -
E Baseline 2C 2001-16 May-Sep M+F 49 32 17 32 17 -
E Baseline 2C 2001-16 Oct-Dec M+F 122 105 17 105 17 -
E Baseline 7CS 2002-16 Jan-Apr M+F 262 - 73 1 - 188 - - 262 0
E Baseline 7CS 2001-16 May M+F 378 - 49 2 - 303 24 - 351 27
E Baseline 7CS 1999-2016 Jun-Dec M+F 197 - 118 1 - 5 73 - 28 169
E Baseline 7CN 1999-2016 Jan-Jun M+F 220 12 69 - 2 28 109 6 56 158
E Baseline 7CN 1996-2016 Jul-Dec M+F 881 13 59 10 574 225 23 633 225
E Baseline 11 1996-2012 May-Dec M 59 13 45 1
E Baseline 11 1996-2015 May-Dec F 63 18 41 4




Hypothesis Trial Area Years Months Sex Total Bycatch Samples Special Permit Weighted Total
Sample Samples
J-Stock  O-Stock  J-Stock  O-Stock  J-Stock  O-Stock
A&B 5 2C 2002-16 Jan-Apr M+F 170 138 32 138 32
A&B 5 2C 2001-16 May-Sep M+F 57 47 10 47 10
A&B 5 2C 2001-16 Oct-Dec M+F 141 129 12 129 12
A&B 5 7CS 2002-16 Jan-Apr M+F 291 48 41 51 151 80 211
A&B 5 7CS 2001-16 May M+F 431 17 37 100 277 116 315
A&B 5 7CS 1999-2016 Jun-Dec M+F 212 92 36 4 80 22 190
A&B 5 7CN 2002-16 Jan-May M+F 105 28 30 7 40 19 86
A&B 5 7CN 1999-2016 Jun M+F 139 12 16 8 103 14 125
A&B 5 7CN 1996-2016 Jul-Sep M+F 660 20 14 109 517 138 522
A&B 5 7CN 2001-16 Oct-Dec M+F 283 38 2 67 176 94 189
A&B 5 7WR+7E  1996-2006 May M+F 87 3 84
A&B 5 7WR+7E 1996-2012 Jun-Aug M+F 49 0 49
A&B 5 8 1998-2012 May-Jun M+F 139 1 138
A&B 5 8 1996-2009 Jul-Sep M+F 106 1 105
A&B 5 9 1995-2011 May-Jun M+F 125 1 124
A&B 5 9 1994-2010 Jul M+F 190 4 186
A&B 5 9 1994-2013 Aug-Sep M+F 212 0 212
A&B 5 10E 2001-16 Jun-Dec M+F 16 15 1
A&B 5 11 1996-2012 May-Dec M 64 30 34
A&B 5 11 1996-2015 May-Dec F 63 30 33
A&B 6 7CS 2002-16 Jan-Apr M+F 263 43 34 48 138 71 192
A&B 6 7CS 2001-16 May M+F 391 16 31 89 255 102 289
A&B 6 7CS 1999-2016 Jun-Dec M+F 199 86 34 4 75 14 185
A&B 6 7CN 2002-16 Jan-May M+F 100 27 29 6 38 15 85
A&B 6 7CN 1999-2016 Jun M+F 133 11 15 6 101 9 124
A&B 6 7CN 1996-2016 Jul-Sep M+F 610 16 13 103 478 116 494
A&B 6 7CN 2001-16 Oct-Dec M+F 270 35 2 66 167 82 188
A&B 7 7CS 2002-16 Jan-Apr M+F 263 43 34 48 138 81 182
A&B 7 7CS 2001-16 May M+F 391 16 31 89 255 106 285
A&B 7 7CS 1999-2016 Jun-Dec M+F 199 86 34 4 75 32 167
A&B 7 7CN 2002-16 Jan-May M+F 100 27 29 6 38 19 81
A&B 7 7CN 1999-2016 Jun M+F 133 11 15 6 101 16 117
A&B 7 7CN 1996-2016 Jul-Sep M+F 610 16 13 103 478 146 462
A&B 7 7CN 2001-16 Oct-Dec M+F 270 35 2 66 167 106 144
Hypothesis Trial Area Years Months Sex Total J-Stk  P-Stk O-Stk J-Stk P-Stk O-Stk  J-Stk P-Stk O-Stk
Sample
E 5 2C 2002-16 Jan-Apr M+F 150 116 33 1
E 5 2C 2001-16 May-Sep M+F 54 36 18 0
E 5 2C 2001-16 Oct-Dec M+F 125 108 17 0
E 5 7CS 2002-16 Jan-Apr M+F 282 2 79 3 2 196 0 3 278 1
E 5 7CS 2001-16 May M+F 411 0 51 2 1 326 31 1 376 34
E 5 7CS 1999-2016 Jun-Dec M+F 211 1 127 2 0 8 73 0 36 175
E 5 7CN 1999-2016 Jan-Jun M+F 237 13 70 - 2 30 122 6 59 172
E 5 7CN 1996-2016 Jul-Dec M+F 915 15 59 - 11 582 248 27 641 247
E 5 11 1996-2012 May-Dec M 63 14 48 1
E 5 11 1996-2015 May-Dec F 64 18 42 4
E 6 7CS 2002-16 Jan-Apr M+F 262 - 73 1 - 188 - - 262 0
E 6 7CS 2001-16 May M+F 378 - 49 2 - 303 24 - 351 27
E 6 7CS 1999-2016 Jun-Dec M+F 197 - 118 1 - 5 73 19 178
E 6 7CN 1999-2016 Jan-Jun M+F 220 12 69 - 2 28 109 4 49 167
E 6 7CN 1996-2016 Jul-Dec M+F 881 13 59 - 10 574 225 16 628 237
E 7 7CS 2002-16 Jan-Apr M+F 262 - 73 1 - 188 - - 261 1
E 7 7CS 2001-16 May M+F 378 - 49 2 - 303 24 - 352 26
E 7 7CS 1999-2016 Jun-Dec M+F 197 - 118 1 - 5 73 43 154
E 7 7CN 1999-2016 Jan-Jun M+F 220 12 69 - 2 28 109 8 68 144
E 7 7CN 1996-2016 Jul-Dec M+F 881 13 59 - 10 574 225 36 641 204
Table 7b
Estimates of the proportion of recruited ‘J’-whales used to condition the trials based on mtDNA and Allele samples.
Hypothesis Area Years Months Sex Ratio Cv2 Data Type Stock
Band E 6W 1999-2007 Jan-Mar M+F 0.584 0.131 mtDNA J:Total Bycatch samples
Band E 6W 1999-2007 Jan-Mar M+F 0.672 0.05 Allelle J:Total Bycatch samples
Band E 6W 1999-2007 Apr-Jun M+F 0.496 0.126 mtDNA J:Total Bycatch samples
Band E 6W 1999-2007 Apr-Jun M+F 0.812 0.05 Allelle J:Total Bycatch samples
Band E 6W 1999-2007 Jul-Aug M+F 1.000 0.05 mtDNA J:Total Bycatch samples
Band E 6W 1999-2007 Jul-Aug M+F 0.749 0.077 Allelle J:Total Bycatch samples
BandE 6W 1999-2007 Sep-Dec M+F 0.593 0.123 mtDNA J:Total Bycatch samples
BandE 6W 1999-2007 Sep-Dec M+F 0.761 0.05 Allelle J:Total Bycatch samples

12 |n cases when the sample size used to generate the proportion estimates is small and the se's are small (which will overweight such results), the

standard error is set to 0.05.



(f) Calculation of likelihood
The objective function consists of three components: Objective Function = -(Li+Lo+L3). Equations F.4-6 list the
negative of the logarithm of the objective function for each of the three components:

Abundance estimates
Z 1 k 1Bk 2
L1a =05 - W(IH(PH / Pn )) (F4a)

where Pk is the model estimate of the abundance in the same year, period and sub-area as the nth estimate of
abundance Pk.

Minimum abundance estimates

exp(A(P,’f—ﬁ-,’{))

1 PAY 1
le = Zn {lnatk + WZH(P-,{C/R{{) }{m} + lTLUtk {m} (F4b)

where A is a “large” number (here 30).

Maximum abundance estimates

exp(A(P-,’{—ﬁ,’{)) } (F.4c)

_ k 1 k /pk)> 1 k
Lye = Zn {lnat + z(gg‘)z ln(Pn /Pn ) }{1+exp(A(P,’f—ﬁ,’f))} + lnat {1+exp(A(P,’§—ﬁ,’f))
Zero abundance estimates
Lig = = a [niin(BRBY) — BRBY]/ @k (F.4d)

where nk is the number of animals seen during the nth survey in sub-area k , ¥ is the realised track length for the nth
survey in sub-area k multiplied by the average effective search half width, and divided by the sub-area size (Table 8),
Pn" is the model-estimate corresponding to the nth survey in sub-area k and &@¥ is the adjusted coefficient of variation

. k sk _ mmE)2cvE(Pk)
of the survey estimate B, ¢* = =————"

XmNm

survey estimates within sub-area k for which the number of animals seen and the CV of the survey estimate are
available. See Appendix 4 for the derivation of this equation.

, constrained to @* > 1, where m denotes the number of (non-minima)

Table 8

The realised track length, average effective search half width and sub-area size corresponding to the zero abundance estimates. The
effective search half width is taken to be the average from other surveys (excluding those considered minimum estimates) in the same
sub-area used in conditioning, for which effective search half width is available.

Average effective search half width

Year Sub-Area Realised track length Sub-area size ak
[No. of surveys used]
2016 7CS 754 0.3955 [4] 26826 22.83
2007 7E 360 0.4225 [2] 84427 1.73
2012 7E 302 0.4225 [2] 84427 1.73
2013 7E 599 0.4225 [2] 84427 1.73
2016 7E 472 0.4225 [2] 84427 1.73
2008 7 887 0.374 [1] 217678 1.00%8
2002 8 1184 0.5283 [7] 250291 1.50
2008 8 1194 0.5283 [7] 250445 1.50
Stock proportions
For sub-areas 2C, 7CN, 7CS, 10E and 11:
— k N obsk
L, =-Y%; Zan,nln(pj,n/pj,n (F.5a)

where ﬁf_n is the model estimate of the proportion of j-stock whales in the same year, period, sub-area and gender as

obs,k

the nth set of dataand p; ,

of j-stock whales in the nth set of data.

is the corresponding observed value, with N]-’_"n denoting the observed number of samples

3 Due to constraint of @* > 1



For sub-area 6W in Hypotheses B and E only:
1 RV
L,=05% —(ph - Bt) (F.5b)
= (on)

where pk is the model estimate of the proportion of whales in the same year, period and sub-area as the nth proportion
estimate pk.

Bycatch estimates
A2
L3=0.5Z(B§-Bnk) /10 (F.6)
n

where Bkis the model estimate of the total bycatch in sub-area k over the years being fitted and Bk is the observed
bycatch in the same area and period.

G. Trials
The factors to be considered based on the previous trials are listed in Table 9 and the set of trials in Table 10. The
sensitivity trials are variants of the base-case trials AO1-1 etc. (see section A).

H. Management options
Future direct catch options will be specified later.

I. Output statistics

Population-size and continuing catch statistics are produced for each stock, and catch-related statistics for each sub-
area. Catch-related statistics are produced both for the total catches (commercial and incidental) and for the
commercial catches alone.

(1) Total catch (TC) distribution: (a) median; (b) 5th value; (c) 95th value.

(2) Initial mature female population size (P1930) distribution: (a) median; (b) 5th value; (c) 95th value.

(3) Final mature female population size (P2120) distribution: (a) median; (b) 5th value; (c) 95th value.

(4) Lowest mature female population size over 100 years (Piow) distribution: (a) median; (b) 5th value; (c) 95th value.
(5) Average catch over the last 10 years of the 100-year management period: (a) median; (b) 5th value; (c) 95th value.
(6) Catch by sub-area, stock and catch-type (incidental or commercial): (a) median; (b) 5th value; (c) 95th value.

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

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

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

(10) Proportion Mature: compare the numbers of mature animals by sub-area and time period with the (approximate)
proportion mature in the available observation data.

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



Table 9
Proposed factors to be considered in the Trials.

Factor

Stock structure hypothesis
Stock structure hypotheses A, B and E
MSYR
1%1+; 4%mat
g(0)
0.798; 1.00 (Trial 3)
Other stock structure issues
With a C-stock, i.e. from a putative ‘Central’ North Pacific population (Trial 2)
Alternative basis for mixing rates (Trial 5)
10% J-stock in sub-area 12SW in June (Trial 10)
30% J-stock in sub-area 12SW in June (Trial 11)
No C-stock (i.e. from a putative ‘Central’ North Pacific population) in sub-area 12NE (Trial 23)
10% J-stock in sub-area 12NE in May-July (Trial 21)
Catches and bycatches
High direct catches (Baseline total = 39,299; high total = 40,879) + alternative Korean & Japanese bycatch level (Trial 4)
Different allocation of the Korean catches between sub-areas 5 and 6W. (Trials 8 and 9)
Chinese incidental catch = 0 (Trial 12) (Baseline value = 2* Korean bycatch in sub-area 5)
Number of bycaught animals is proportional to square root of abundance (Trial 17)
Mixing and dispersion
Mixing proportion in sub-areas 7CS and 7CN calculated using alternative weighting for bycatch: 2/60 weight (Trial 6) and 10/60 weight (Trial 7)
A substantially larger fraction of whales aged 1-4 from O-stock are found in sub-areas 2R, 3 and 4 year round (Trial 18)
Set the proportion of O-stock animals of ages 1-4 in sub-areas 9 and 9N to zero (Trial 19)
Time-varying mixing matrix for the bycatch (Trial 22) (requires specification)
Abundance estimates
The 2013 implementation considered Alternative abundance estimates for sub-areas 6E and 10E.
The number of 1+ whales in 2009 in sub-area 2C in any month < 200 (Trial 20)

Table 10
The list of trials (MSYR 1% is defined in terms of the total (1+) component and 4% on the mature female component of the population).
hy::)(:rcllfesis Trial no. MSYR m’;Atl::X: Description
A A01-1 & A01-4 1%/4% Baseline Baseline A: 2 stocks (J- and O-); g(0) =0.798; including Chinese bycatch
B BO1-1 & B01-4 1%/4% Baseline Baseline B: 3 stocks (J-, O,-and Y-);  g(0) = 0.798; including Chinese bycatch
E E01-1& E01-4 1%/4% Baseline Baseline E: 5 stocks (J-, P-, O-, and Y-); g(0) = 0.798; including Chinese bycatch
AE A02-1 etc 1% /4%  Trial2  With a C- (‘Central’ North Pacific) stock
ABE A03-1 etc 1% /4% Baseline Assumeg(0)=1
ABE A04-1 etc 1% /4% Baseline High direct catches + alternative Korean & Japanese bycatch levels
ABE A05-1 etc 1% /4%  Trial5 Alternative (70% probability) thresholds for assignment of stock proportions
ABE A06-1 etc 1% /4% Baseline No. of genetic samples assigned to stock in sub-areas 7CS and 7CN calculated using 2/60 weight for
bycatch
ABE A07-1 etc 1% /4% Baseline No. of genetic samples assigned to stock in sub-areas 7CS and 7CN calculated using 10/60 weight for
bycatch
ABE A08-1 etc 1% /4% Baseline More Korean catches in sub-area 5 (and fewer in sub-area 6W).
Rationale: the baseline uses the best split. Trials 8 and 9 test alternatives in both directions.
ABE A09-1 etc 1% /4% Baseline More Korean catches in sub-area 6W (and fewer in 5)
ABE A10-1 etc 1% /4% Baseline 10% J -stock in sub-area 12SW in June (base case value = 20%). See section F(c).
ABE All-1 etc 1% /4% Trial 11 30% J -stock in sub-area 12SW in June (base case value = 20%) with 10% J-stock in 12NE in May-June. See
section F(c).
ABE Al12-1 etc 1% /4% Baseline Chinese incidental catch = 0 (the base case value = twice that of Korea in sub-area 5)
ABE Al13-1 etc 1% /4% Baseline Alternative abundance estimates in sub-area 6E (see table 6)
ABE Al4-1 etc 1% /4% Baseline Additional abundance estimate in sub-area 10E in 2007 (see table 6)
AE Al7-1 etc 1% /4% Baseline The number of bycaught animals is proportional to the square-root of abundance rather than to
abundance (in order to examine the impact of possible saturation effects)
ABE A18-1 etc 1% /4% Trial 18 A substantially larger fraction of whales ages 1-4 from O-stock are found in sub-areas 2R, 3 and 4 year-

round (so the proportion of 1-4 whales in sub-area 9 is closer to expectations given the length-
frequencies of catches from sub-area 9).
The mixing matrices are adjusted such that the numbers of age 1-4 of O-stock animals in sub-areas 9 and
9N are no more than half the base case numbers; juveniles are allowed into sub-areas 2R, 3 and 4 in the
corresponding months.

ABE A19-1 etc 1% /4% Trial 19 Set the proportion of O animals of ages 1-4 in sub-areas 9 and 9N to zero and allow the abundance in sub-
areas 7CS and 7CN to exceed the abundance estimates for these sub-areas. Projections for these sub-
areas will need to account for the implied survey bias

ABE A20-1 etc 1% /4% Trial 20 The number of 1+ whales in 2009 in sub-area 2C in any month < 200 (if large numbers of whales were
found in 2C, the historical catch would be expected to be much greater).

ABE A21-1 etc 1% /4% Trial 21 10% J-stock in sub-area 12NE in May-July. See section F(c).

ABE A22-1 etc 1% /4%  Trial 22 Time-varying mixing matrix for the bycatch

E E23-1& 4 1% /4%  Trial 23 With a putative C (‘Central North’ Pacific) stock, but no C animals in sub-area 12NE
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Appendix 1
The Historical Catch Series

C. Allison
Direct catches

The baseline trials use the ‘best’ estimates of the historical direct catch, which are summarised in Tables 1 and 2. Details
of the sources and construction of the catch series are given in Allison (2011). The data are taken from the IWC individual
catch database (Allison, 2020) where available; where these data are not available the catch series has been compiled
to match all known sources of information.

An alternative ‘high’ catch series is used in Trial 4. Table 3 lists the ‘high’ catch numbers for the years and sub-areas
where they differ from the ‘best’ catch series. The catches are identical to the ‘best’ series for all other areas and years.

The Japanese coastal catch from 1930-1 and 1936-45 (in sub-areas 7CS, 7CN and 11) is estimated (Ohsumi 1982) and
the values are doubled in the ‘high’ catch series. The catch series off Korea assumes a linear increase from 60 whales
in 1946 to 249 in 1957 in the 'best' series whereas the 'high' series assumes an annual catch of 249 minke whales over
this period.

The split between sub-areas 5 and 6W is unknown for most of the catches taken off Korea. The ‘best’ catch series
includes 19,349 minke whales taken off Korea, of which 3,902 are recorded in the Yellow Sea and 4,199 in the Sea of
Japan (East Sea) and Southern waters. The remaining 11,248 of unknown area are allocated between sub-areas 5 and
6W in the ratio of the catches known by area from 1940-7914(2,028:2,517). Where catches are known by month from
1958-86, (Park 1995) but not area, they are allocated to sub-area using the average known ratio in the given month.
Trials 8 and 9 test the sensitivity to this assumption. In Trial 8 the number of whales allocated to sub-area 5 is reduced
by 20% and reallocated to sub-area 6W. In Trial 9, 20% fewer animals are allocated to sub-area 6W and are reallocated
to sub-area 5. The resulting catch series is given in Table 4.

Table 1.

Summary of the final western North Pacific Minke Whale Direct Catch Series (1930-2020) by sub-area, sex and month. Catches that cannot be taken
because no whales are modelled the area/month are highlighted.

Males Females
Area J-M  Apr May Jun Jul Aug Sep O-D| JM Apr May  Jun Jul  Aug Sep O-D| Total M F
1E 17 0 0 0 1 0 0 0 11 0 0 0 0 0 0 0 29 18 11
2C 3 2 2 3 2 0 1 0 2 2 0 0 1 0 0 0 18 13 5
2R 1 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 4 2 2

5 981 1,280 906 671 568 322 102 174| 1,128 1,457 1,244 757 570 300 121 185|10,766 5,004 5,762
6W 181 383 1,325 1,167 392 202 557 1,063| 178 364 1,300 1,136 376 189 545 1,009/10,367 5,270 5,097

6E 181 223 135 13 21 0 8 2| 95 144 95 16 3 0 6 1| 943 583 360
7CS 210 1,011 1,826 768 129 8 1 0| 164 1,134 1,371 464 27 1 0 o| 7,114 3,953 3,161
7CN 0 0 77 241 387 426 940 199 0 20 89 101 163 122 312 113| 3,190 2,270 920
W 0 1 49 33 3 1 10 0 0 0 9 3 3 0 0 o] 112 97 15
7E 0 o 37 21 3 0 13 1 0 0 7 2 0 0 9 of 93 75 18
8 0 0 39 101 99 21 11 6 0 0 8 10 17 4 5 6| 327 277 50
9 0 0 32 8 183 218 17 0 0 0 9 11 16 29 3 of 600 532 68
9N 0 0 1 2 5 8 0 1 0 0 0 6 0o 11 0 o] 34 17 17
10W 0 0 6 12 1 0 2 0 0 2 0 9 0 0 0 of 32 21 11
10E 2 25 42 119 83 26 5 3 0 1 28 60 26 9 7 o] 436 305 131
11 0 62 248 503 560 230 143 29 2 465 872 909 607 273 113 25| 5041 1,775 3,266
125W 0 0 0 1 11 9 1 0 0 0 1 5 16 27 5 of 76 22 54
12NE 0 0 0 0 36 9 10 0 0 0 0 3 33 14 6 of 111 55 56
13 0 0 0 0 0 2 0 0 0 0 0 0 1 3 0 0 6 2 4
Total 1,576 2,988 4,725 3,737 2,484 1,482 1,821 1,478| 1,581 3,589 5,033 3,492 1,859 982 1,133 1,339/39,299 20,291 19,008

14The period 1940-79 is used in view of a comment by Gong (1982) that, in 1980, Government policy led to a shift to the western sector in order to
direct the minke whale fishery away from areas where the (protected) fin whale might also be caught.



Table 2
Summary of the ‘Best’ Direct Catch Series for western North Pacific Minke Whales by Year, sub-area and sex.

Males

Total

13

11 12SW 12NE

9N 10W 10E

9

7E 8

7CN  7WR

2C 2R 5 6W 6E 7CS

1E

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
17

1930
1931

23

13
13
20
20
15
37
44
44
52
37
44
67

1932
1933

22
43

21

1934
1935

40

41

14
17
20
24
33
40
67

12
13

1936

68
80
89
101
120
166
161
138

1937

15
18
15
40

1938

1939
1940
1941
1942
1943

53

51

42

52
44
51

47

38

1944
1945
1946
1947
1948
1949
1950
1951
1952
1953

49

106
139
192
153
222
253
347
335
275
315
417
342

14
27
56
20
15
62

21

11
19
22
25

57
57
61

21

26

26
31

18
14
20
35
59
43

13

41

63

37
40

29
31
36
42

87

92

45 142
50
54
60
62

38
32
20
47

75
24
108
140
111
126

90
35
20

26
11
25
14
13

43

1954
1955
1956
1957
1958
1959
1960
1961

49

69
33
86

16

54
59
67
78
72
39
55
122
139

31

70
65

358
272

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

47

69
64

81

71

244
213

41

59
28
52
52
95
101

56
48

208
269

46

1962
1963
1964
1965
1966
1967
1968
1969
1970
1971

40

49

370
312

39
62
71

85

51

11

83

326
297

81

87

76
109

55
22
43

50
58
27
101

73
75
95
188
189
286
244
271
293

268
305

98
118
186
200
252
215
213

10

540
545

38
54
78
95
44
62
89
58

84

668
724
666
693

17
26
34
63

35

1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

28
22

15

83

63

11

18

35

196
353

688
699

10

27
71
133
150

35
32
93

174
304
354
379
147
192
210
142
105

234
181
164
447

780
813
804

19
17
40

95

10
13

72
39
56
68
88
123

88
148
105

610
617
389

28

188
229

66
64
39
69
80

100

390
252
229

46

87

30

29
31

23

19
16

89
86

20

182

18
91

63

19

87

55

30
41

89
71

26

22

28




Table 2. Males contd.

Total

13

11 12SW 12NE

9N 10W 10E

9

7E 8

7CN  7WR

2C 2R 5 6W 6E 7CS

1E

35

93
119
115
138
156
145
140
109
100

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
18

2000
2001

26

20

19

10

11

2002
2003

37

35

32

2004
2005
2006

67
33
67
33
41

28
41

23

36

11

50
23
29
17
17
47

2007

2008
2009
2010

69
82
115

40

64
61

2011

2012

61

41

17

2013

51

35
35

16
10

2014

45

2015

15
71
100

2016

22 10 17
14

22
32

2017

16

15

28
26

2018

66
63

2 20,291

2019

2020
Total

55

75 277 532 17 21 305 1,775 22

2 5,004 5,270 583 3,953 2,270 97

13

Females

Total

13

11 12SW 12NE

9N 10W 10E

7CS 7CN 7WR 7E 9

2C 2R 5 6W 6E

1E

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

11

1930

1931

17
19
31
33
34
52
61

1932
1933

10
10

10
14
13
18
20
23
34
38
66
51

1934
1935

12
14
18
19
13
64
54
39
38

1936

18
22
22
25

1937

1938
1939
1940
1941
1942
1943

68
73
122
145
124
109

18
22
32
25

45

1944
1945
1946
1947
1948
1949
1950
1951

30

77
111
168
152
151
236
305
259
297
347
382
367
454
357
342
299
307
345
448
418
395
382
352
405
575

13
23

24
27
31

10
21

18
19
25

10
18
21

53

38
30

27

32
25
42

31

25

32
70
97

19

34
42

29
33
37
39
45

39
43

78
56
22
80
97

45

1952
1953
1954
1955
1956
1957
1958
1959
1960
1961

57
124
119
108

47

49

15

27

55
59
66
68
63

15
23

58
62
79
101
126
141

13
13

96
153

12

81
128

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

83

70
65

73
57
30
52
52
97
102

73

98
85
71

83

82
117
168
186
110
105
139
124
156
216
250
292
239
267
229
445

47

1962
1963
1964
1965
1966
1967
1968
1969
1970
1971

50
86

69
94

99
100

84
87

15

88
73
73
96
188
190
286
244
272
288
174

65

56
97
70
52
113
116

81

32
87

10

574
789
759
729

67

22
15
19
22
29

75
90
51

1972
1973
1974
1975
1976

27
18

11
17

23

79
58
113

678
819

46

11

46




Table 2. Females contd.

Total

13

11 12SW 12NE

9N 10W 10E
43

9

7E 8

7CN  7WR

14
22
28
12
11
28
30
55
41

7CS

6E

6W
303
356
264
109
192
219
138
114

2R 5
269
207

2C

1E

659
718
531

28
85

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

11

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

48

64
82
63

38
70
68
58
69
38
20
35
43

130
272

550
524
605

188
236

56
42

386
370
197
151
122

98
87

76
66
54
49

35
15

26

43

30

14
13
11
29

11

22

33
36
22
66
52
68
62
65
50
44
69
34
30
25
22
58
71

2002
2003

2004
2005
2006

19
12
21

37
35

46

2007

18
24
20

38
35

2008
2009
2010

28

2011

30
17
16

38
17

2012

2013

14

2014
2015

2016

38
31
27

2017

2018

57
32

4 19,008

10

20

2019

2020
Total

56

54

11 131 3,266

18 50 68 17

2 5,762 5,097 360 3,161 920 15

5

Table 3

The High Catch Series.

Catches for the years and sub-areas where they differ from the ‘best’ catch series (1930-1, 1936-45 in sub-areas 7CS, 7CN and 11; 1947-56 in sub-
areas 5 and 6W). Numbers from the ‘best’ catch series are shown for comparison. The ‘high’ catch series is identical to the ‘best’ series for all other

areas and years.

Best High High

Best

11
Fem

11 11
Male

Fem

11

Male

High High
7CN
Fem

Best

Best

7CN
Male

7CN
Fem

7CN
Male

High
7CS
Fem

High
7CS

Best
Male

Best

Series:
Sub-area:

7CS
Fem

7CS

Male

14
14
13
13
20
20
30
74
88
88
104

1930
1931

13
13
20
20
15
37

1932
1933

10
10
14
36
44
44

10
10

1934
1935

1936
1937

18
22
22
25

44
44
52
37

1938
1939

50
36
44

1940
1941
1942
1943

74
88
134
104

18
22
32
25

44
67

64
50
22

52
44

1944
1945

44

22




Table 3 continued

Series: Best Best High High Best Best High High

Sub-area: 5 5 5 5 6W 6W 6W 6W
Male Fem Male Fem Male Fem Male Fem

1946 11 10 11 10 21 18 21 18
1947 19 18 55 56 21 19 70 68
1948 22 21 55 56 26 25 70 68
1949 25 25 55 56 31 31 70 68
1950 29 29 55 56 37 34 70 68
1951 31 33 55 56 40 42 70 68
1952 36 37 55 56 45 45 70 68
1953 42 39 55 56 50 49 70 68
1954 43 45 55 56 54 55 70 68
1955 49 58 56 66 60 59 70 68
1956 54 62 57 66 62 66 70 68
1957 59 79 59 79 70 68 70 68

Table 4

Catch series for Trials 8 and 9 used to test the sensitivity to the allocation of catches off Korea between sub-areas 5 and 6W. Catches in the other
sub-areas are the same as for the ‘Best’ catch series.

Trial 8 Trial 9
Sub-area: 5 5 6W 6W 5 5 6W 6W

Male Fem Male Fem Male Fem Male Fem
1932 0 5 9 4 0 5 9 4
1933 0 5 8 4 0 5 8 4
1934 1 9 21 10 1 9 21 10
1935 9 12 9 10 7 7 12 14
1936 14 15 13 9 9 10 15 17
1937 17 16 14 15 12 9 21 20
1938 19 22 16 16 14 13 24 22
1939 23 23 20 18 15 15 27 27
1940 21 21 27 26 12 11 37 35
1941 48 72 31 31 38 62 41 41
1942 66 66 53 55 43 43 77 77
1943 51 51 40 41 31 33 59 60
1944 48 48 37 35 31 31 53 53
1945 3 2 2 3 3 2 2 3
1946 14 15 15 16 10 8 22 20
1947 24 21 16 16 15 15 23 24
1948 27 26 20 21 18 18 28 30
1949 30 32 25 25 18 22 36 36
1950 34 38 28 29 23 24 42 40
1951 40 40 33 33 26 26 47 47
1952 46 46 37 34 29 30 51 53
1953 50 51 40 39 31 33 58 58
1954 55 54 43 45 35 35 64 63
1955 62 69 46 49 39 48 70 69
1956 67 74 52 51 42 53 75 74
1957 73 92 56 55 49 66 79 82
1958 80 114 51 51 53 89 77 77
1959 93 141 57 57 63 110 86 89
1960 84 152 46 47 63 131 68 67
1961 44 87 24 24 35 77 33 34
1962 65 128 43 40 49 110 58 59
1963 131 179 43 41 104 149 71 70
1964 159 205 77 76 118 162 119 118
1965 102 131 82 81 68 97 116 115
1966 95 121 70 70 64 91 100 101
1967 125 153 59 57 91 120 93 90
1968 112 139 60 59 82 107 91 90
1969 137 176 75 77 98 138 114 115
1970 223 253 151 151 152 183 221 222
1971 239 286 152 152 165 214 225 225
1972 308 348 229 231 230 267 311 308
1973 251 275 208 208 197 220 262 263
1974 251 302 235 235 188 241 297 297
1975 253 287 235 231 159 196 327 324
1976 389 479 139 139 292 384 235 235
1977 294 331 242 243 192 226 346 346
1978 253 276 283 286 152 175 384 387
1979 164 130 379 264 164 130 379 264
1980 447 272 147 109 447 272 147 109
1981 188 188 192 192 188 188 192 192
1982 236 247 202 209 222 229 217 226
1983 100 98 142 138 100 98 142 138
1984 87 87 105 114 87 87 105 114
1985 23 26 29 35 23 26 29 35
1986 1 0 31 15 1 0 31 15




Bycatches

Tables 5 and 6 summarise recent bycatches (also referred to as incidental catches) off Japan and Korea by sub-area.
Individual records, including position, date, length and sex, have been provided to the IWC by Japan for 1,964 by caught
minke whales from 2001-16 received 28 May 2019) and by Korea for 1,883 by caught and stranded minke whales from
2001-17 (received 29 Mar 2019).

Table 5

Recent bycatches by Japan and Korea (some are updates to those listed in progress reports). It is known that the numbers off Japan in 2001 are
incomplete. Bycatches from sub-area 6W by Japan are included with those in 6E (see text). No data for 2020 off Korea are available so the average
catch over the previous 10 years is used. Bycatches that are shown in grey are not used in the fitting process.

Japan Korea

Year 1E 2C 6E 7CN 7CS 10E 11 Total 5 6W 1w Posn.Unk Total
1996 0 128 0 0 128
1997 0 78 0 0 78
1998 0 47 0 0 47
1999 0 54 0 0 54
2000 12 80 0 0 92
2001 1 10 25 3 8 4 3 54 9 141 0 0 150
2002 7 19 45 13 17 3 5 109 8 75 0 0 83
2003 5 17 61 15 18 8 124 10 75 2 0 87
2004 4 19 66 9 14 3 115 9 52 0 0 61
2005 4 33 55 10 17 3 6 128 7 98 0 0 105
2006 3 28 76 16 21 3 147 11 67 0 2 80
2007 7 42 69 11 20 6 155 12 59 0 1 72
2008 9 23 68 11 17 2 3 133 12 61 0 2 75
2009 3 17 69 3 25 1 118 10 70 0 2 82
2010 3 18 74 8 17 4 124 8 63 0 0 71
2011 6 28 65 9 8 1 117 15 70 0 1 86
2012 5 25 56 9 15 4 114 8 66 0 0 74
2013 5 20 54 9 15 2 105 8 43 0 0 51
2014 3 21 74 16 23 1 2 140 7 43 0 0 50
2015 5 28 84 12 26 1 156 7 78 1 1 87
2016 7 34 86 17 22 3 169 10 84 0 0 94
2017 5 32 80 10 34 1 2 164 12 57 0 0 69
2018 2 18 40 9 18 87 7 73 0 0 80
2019 3 15 54 9 23 104 3 55 0 0 58
2020 2 10 34 9 16 71 [9] [63] 0 0 [96]
Total 89 457 1235 374 208 19 52 2434

In Japan it has been obligatory to report bycatches from 2001, since when the numbers are considered to be reliable.
Almost all of the reported bycatch off Japan occurs in set-net fisheries. Three types of set nets are used: large-scale
(excluding salmon nets), salmon nets and small-scale. For fishing gears other than set-nets, bycatch, retention and
marketing of whales are prohibited by the 2001 regulation and a diagnostic DNA registry is used to deter illegal
distribution of any whales caught.

Ideally, the catch by each gear type should be modelled separately to allow the historical (pre-2001) bycatch to be
predicted. However, information on numbers of catches by net type is not available. Therefore, in the 2013
Implementation, the historical bycatches for each sub-area were set using the total number of bycatches and the
combined number of large-scale and salmon nets in each sub-area (see Allison, 2014). Japan has provided new
information on the numbers of large-scale nets from 1979-2018, but numbers of salmon nets since 2016 are not
available. The numbers of whales caught in salmon nets are small in comparison to those from large-scale nets (see
Table 6 which lists the bycatches from 2001-9 by gear type), so in the current implementation, the historical bycatches
are set using the total numbers of bycatches (Table 5) and the numbers of large-scale nets (Table 7) in each sub-area.

Table 6
Bycatches by Japan 2001-9 by gear type (Hakamada pers comm 28/04/2011).

Large- Small-  Other gear

Salmon scale scale types

2001 3 68 9 0
2002 5 92 12 0
2003 8 99 18 0
2004 2 101 12 2
2005 7 105 17 0
2006 5 125 17 0
2007 8 131 16 0
2008 3 116 14 0
2009 4 101 13 0




Table 7

Numbers of nets.

Japan large-scale trap nets

Korean nets

1E 2C 6E 7CS 7CN 10E 11 Total 5 6W Total
1946 24 67 103 41 8 7 3 252 0 0 0
1947 26 73 112 44 9 7 3 275 2 5 7
1948 29 79 122 48 9 8 4 298 4 11 15
1949 31 85 131 52 10 8 4 321 6 16 22
1950 33 91 141 55 11 9 4 344 8 21 29
1951 35 97 150 59 11 10 5 367 10 27 37
1952 37 103 159 63 12 10 5 390 12 32 44
1953 40 109 169 66 13 11 5 412 14 38 52
1954 42 115 178 70 14 11 5 435 15 43 58
1955 44 121 187 74 14 12 6 458 17 48 65
1956 46 127 197 77 15 13 6 481 19 54 73
1957 48 133 206 81 16 13 6 504 21 59 80
1958 51 139 216 85 16 14 7 527 23 64 87
1959 53 145 225 88 17 14 7 550 25 70 95
1960 55 151 234 92 18 15 7 573 27 75 102
1961 57 157 244 96 19 16 7 596 29 80 109
1962 59 164 253 100 19 16 8 619 31 86 117
1963 62 170 262 103 20 17 8 642 33 91 124
1964 64 176 272 107 21 17 8 665 35 97 132
1965 66 182 281 111 21 18 9 687 37 102 139
1966 68 188 291 114 22 19 9 710 39 107 146
1967 70 194 300 118 23 19 9 733 41 113 154
1968 73 200 309 122 24 20 9 756 43 118 161
1969 75 206 319 125 24 20 10 779 44 123 167
1970 77 212 328 129 25 21 10 802 46 129 175
1971 80 209 324 127 25 21 10 795 48 134 182
1972 83 206 321 124 25 21 10 789 50 139 189
1973 86 203 317 122 24 20 9 782 52 145 197
1974 89 200 314 119 24 20 9 776 54 150 204
1975 92 197 310 117 24 20 9 769 56 156 212
1976 80 198 321 118 25 21 10 773 58 161 219
1977 69 199 332 119 27 22 10 777 60 166 226
1978 57 200 344 119 28 23 11 781 62 172 234
1979 46 205 361 122 30 25 11 800 64 177 241
1980 49 208 372 130 28 24 11 822 66 182 248
1981 51 205 375 134 26 21 10 823 68 188 256
1982 50 204 393 133 27 22 10 838 70 193 263
1983 54 199 392 132 37 31 14 859 71 198 269
1984 51 191 393 141 48 41 19 885 73 204 277
1985 47 192 419 141 42 36 16 894 75 209 284
1986 50 198 413 136 50 43 20 909 77 215 292
1987 47 196 409 138 48 41 19 900 79 220 299
1988 47 190 407 132 40 33 15 865 81 225 306
1989 56 185 398 142 35 29 13 857 83 231 314
1990 56 182 413 137 35 30 14 867 85 236 321
1991 61 178 410 135 29 24 11 847 85 286 371
1992 56 169 400 135 27 22 10 820 96 305 401
1993 62 183 406 135 28 22 10 845 96 291 387
1994 55 179 387 131 29 23 11 814 94 286 380
1995 57 179 380 119 26 20 9 790 97 292 389
1996 57 175 379 132 26 20 9 799 103 352 455
1997 54 172 376 132 25 19 9 787 123 340 463
1998 56 167 377 133 26 19 9 787 105 338 443
1999 55 170 370 131 28 22 10 786 120 321 441
2000 55 169 367 130 28 22 10 781 105 318 423
2001 58 154 367 132 29 23 11 775 82 311 393
2002 52 163 367 130 32 26 12 781 88 292 380
2003 49 164 363 137 31 25 12 781 81 286 367
2004 51 160 351 137 27 21 10 757 94 267 361
2005 52 159 329 132 26 21 9 729 81 263 344
2006 45 156 313 132 27 21 10 703 78 255 333
2007 43 146 329 123 8 4 2 654 77 247 324
2008 40 129 315 121 22 16 7 651 71 230 301
2009 42 130 311 121 22 16 7 648 68 219 287
2010 40 130 314 116 21 15 7 644 68 219 287
2011 40 130 311 94 21 15 7 617 68 219 287
2012 39 128 313 96 20 14 7 617 68 219 287
2013 38 120 307 92 20 14 7 598 68 219 287
2014 36 120 300 97 20 15 7 594 68 219 287
2015 35 115 300 101 20 15 7 592 68 219 287
2016 37 120 280 101 21 15 7 582 68 219 287
2017 36 122 275 93 21 15 7 569 68 219 287
2018 34 114 288 87 21 15 7 567 68 219 287
2019 34 114 288 87 21 15 7 567 68 219 287
2020 34 114 288 87 21 15 7 567 68 219 287




Table 7 contd.

Sources: Japan 1935-70. Set using linear interpolation, assuming 0 in 1935.
Japan 1970-79. Set using linear interpolation between the numbers for 1970 and 1975 from Tobayama et al. (1992).
Japan 1979-2018. Pastene, pers. comm. Apr 2021.
Korea 1946-1996. Set using linear interpolation, assuming 0 in 1946.
Korea 1990-2009. An, pers. comm.
Missing data: where the numbers of nets are unknown (off Japan from 2019-20 and off Korea from 2010-20), the last known numbers are used.

The bycatch in sub-area 6W by Japan is small (9 whales) (and there are no corresponding set net numbers) so the
numbers are added to the bycatches for sub-area 6E. The bycatch by Korea in sub-area 1W is very small (3 whales in
total) and there are no corresponding set net numbers so the numbers are added to the bycatches for sub-area 5.

Japan updated the numbers of large-scale nets up to and including 2018 and incorporated information from the
Japanese Coast Guard for 2014 on the dates that the nets were in operation (see IWC 2020). The set nets are assigned
to sub-area based on the position of the centre of the net, although some nets extend beyond a single sub-area. Korea
provided revised data on the number of set nets in operation based on the number of licenses issued between 1994-
2017 (see IWC 2020), but the Committee (Item 8.1.3) decided that the number of nets provide a more reliable source
of information than the number of licenses.

For the best effort series, the numbers of nets off Japan are extrapolated from 1946 to 1969 assuming a linear
relationship from 0 in 1935 to the known numbers in 1970 (Tobayama et al., 1992). Bycatches before 1946 are ignored
because, although some set-nets were in operation before 1946 (Brownell, pers. comm.), the numbers are highly
uncertain and are sufficiently small that they are unlikely to affect the implementation.

The numbers of nets are listed in Table 7. The numbers of bycatches are only used in the trials where the number of
nets is also known. Thus, for example for Japan, the catches from 2019-20 are not used and are shown greyed out in
table 5.

A single series of historical bycatches is used for all of the trials when testing the effect of future catches (including those
set by the RMP), irrespective of the true values of the bycatches, which differ both among trials and simulations within
trials. The estimate of the future bycatch is set to the averages of the predicted bycatches based on the fit to the actual
data of the operating model for the six baseline trials (i.e. using the ‘best fit’ simulation (0)). This series will be generated
once conditioning is complete.

A sensitivity trial will be undertaken that assumes catches since 2001 were under-reported by 50% and the numbers of
nets were double the best-case values from 1946-1969 (up to a maximum equal to the number of nets in 1969).

Korea: The same method as used for Japan is applied, except that bycatch numbers since 1945 are extrapolated from
reported numbers in sub-areas 5 (Yellow Sea) and 6W (East Sea) since 2000 and 1996 respectively. Catches in sub-area
6W are assumed to be under-reported by 50% (based on DNA profiling and a capture-recapture analysis of market
products, Baker et al., 2007). The high effort sensitivity trial assumes that bycatches in sub-area 5 since 2000 were
under-reported by 50%, and the numbers of nets were double the best-case values from 1946-1969 (up to a maximum
equal to the number of nets in 1969).

China: There are no data on bycatches off China, although they are known to occur. There are not many set-nets in
operation off China and the operations are likely to be similar to those off western Korea. In the absence of information
the baseline trials assume that the bycatch off China is double that off western Korea. A sensitivity trial ignores any
possible bycatch off China.
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Appendix 2

Using the Genetic Stock Assignment by Sub-Area to Inform the Mixing Matrices of the North Pacific Minke Whale
Implementation Simulation Trials

C.L. de Moor, C. Allison, A.E. Punt

This appendix details the stock assignment by sub-area and sex used to develop the data used to estimate mixing
matrices for the North Pacific minke whale Implementation Simulation Trials. The baseline mixing matrices for
Hypothesis E were newly developed for these Implementation Simulation Trials, largely informed by the genetic
assignment tables below. The baseline mixing matrices for Hypotheses A and B were only changed from those used
during the 2013 Implementation Simulation Trials where the genetic assignment tables below strongly supported such
changes.

Baseline Trials, Hypotheses A and B

For the baseline trials, the stock assignment for Hypotheses A and B is based on the “stock90” assignment by STRUCTURE
in Data_NPM_190226_v3.csv. The number of samples assigned to stock by sub-area is as follows. Table 7a of
specifications details the assigned numbers by stock, sub-area, period and sex used to condition the trials.

Males 10E 11 1E 2C 6E 7CN 7CS 7E 7WR 8

J-stock 8 28 29 107 453 158 135 0 0 0 1
O-stock 1 29 1 26 1 580 281 41 74 207 442
Unassigned 2 7 2 10 41 80 61 3 6 22 a4
Females

J-stock 6 28 42 188 471 112 151 0 1 0 0
O-stock 0 30 0 24 3 263 286 4 8 17 49
Unassigned 1 7 2 17 33 23 49 1 0 6 5

Grey highlight: stock has been assigned to a sub-area, but is not modelled in that sub-area in the mixing matrices
- The singleton assignment of a J-stock female to sub-area 7WR is ignored for the baseline trials, but in Trial 5 J-stock animals are assumed
to be found in both sub-areas 7€ and 7WR.
- The singleton assignment of an O-stock male to sub-area 1E is ignored for modelling purposes
- The singleton assignment of a J-stock male to sub-area 9 is small compared to the total sample size, and is therefore ignored for the
baseline, but in Trial 5 J-stock animals are assumed to be found in sub-areas 8 and 9
- The assignment of O-stock animals to sub-area 6E are very small compared to the total sample size, and O-stock animals are therefore not
modelled to be found in sub-area 6E.
Pink highlight: females of a stock have not been assigned to a sub-area, but are modelled in that sub-area in the mixing matrices
- The sample sizes in sub-area 10E are low and one cannot therefore discount the presence of O-stock females in sub-area 10E.

Hypothesis A Baseline
J-Stock Baseline A (Matrix J-A)

Age/ Mon Sub - Area

Sex 1w 1E 2C 2R 3 4 5 6W 6E 7CS 7CN 7WR T7E 8 9 9N 10w 10E 11 12SW 12NE 13

Juv J-M 2 2 2 2 2 4Y29 Zyl ZY4 Y6 Y7
Apl’ 2 2 2 2 2 dyy 2y 2y4 Yo Y7 2y 2y
May 2 2 2 2 2 4’)/29 2’)/2 2’)/4 Y6 Y7 2Y3 2Y3
Jun 2 2 2 2 2 4’)/29 2’)/3 2’)/4 Y6 Y7 2Yg 2Yg
Jul 2 2 2 2 2 Ay 2y35 2y Yo Y1 2ys 2
Aug 2 2 2 2 2 4’}/29 2’)/1 2’)/5 Y6 Y7 2"{9 2"{9
Sep 2 2 2 2 2 4’}/29 2’)/1 2’)/5 Y6 Y7 2"{9 2"{9
0O-D 2 2 2 2 2 4’}/29 2’)/1 2'}/5 Ye Y7 2"/9

Ad . M J' M 2 2 1 2 4 4Y29 2Y1 2Y4 Y6 Y7
Apr 1 2 2 2’)/29 4’)/1 2’)/4 Y6 2Y7 Vs Y8
May 1 2 2 2y by, 2va 2v6  2y7 Y8 2y
Jun 1 2 2 2’)/29 2’)/3 4’)/4 ZYG 2Y7 Y9 2Yg
Jul 1 2 2 2Y29 2Y3 4Y5 Y6 Y7 Yo 2Y9
Aug 1 2 2 2’}/29 2y3 4’)/5 Ve Y7 Yo 29
Sep 2 2 1 2 4 4’}/29 2’)/3 4’)/5 Y6 Y7
OD 4 4 1 2 2 2% 2y

Ad.F J-M 2 2 1 2 4 4Y29 Y1 Ya Y6 Y7
Apr 1 2 2 2yn 211 Ya 26 2y7 Yo Yo
May 1 2 2 2y0 27 Y4 26 2yr yu 2y
Jun 1 2 2 2y% T3 Ya 26 2y vz 2y
JUl 1 2 2 2’}/29 V3 Vs Y6 Y7 Y12 2“{12
Aug 1 2 2 2ym s Ys Yo Y7 Y2 2V
Sep 2 2 1 2 4 Ayn v s Yo V7
O- D 4 4 1 2 2 V3 Vs




Hypothesis A Baseline (contd.)
0O-Stock Baseline A (Matrix O-AB) Blue indicates changes since 2013 /STs.

Age/ Mon Sub - Area

Sex 1w 1E 2C 2R 3 4 5 6W 6 7CS 7CN 7WR 7E 8 9 9N 10w 10E 11 12SW 12NE 13

Juv  J-M v 4 4 4 4 Y16 Y30
Apr Yia 2 2 2 8 2y Y7 Y8 Y9 Y20 2y3 | Y22 V23 Y4
May Yia 2 2 2 8 2y16 Y7 Y18 Y9 Yo Y 20 Y2 Y3 Yoa
Jun Yu 2 2 2 4 4y Y7 Y18 Y9 Yo Yz 4y Y2 Y2 Yoa
Jul s 2 2 2 4 4y Y7 Y8 Y9 Yo Yz 4y Y2 Yz Yoa
Aug s 2 2 2 4 46 Y7 Y8 Y9 Yo Y2 Ay v Y23 Y24
Sep vis 2 2 2 4 4y Y17 Y18 Y9 Yo Y 4y Y2 V23 Yoa
O-D Y15 4 4 4 4 2v16 2y30

Ad.M J-M Y13 4 4 4 1 Y16 Y30
Apr Y14 2 2 2 2 2vie  dyir dyis by by 2y V22 Y23 3y
May 2 2y Ay byis by by 2ya 2y Y2 Y3 Oy
Jun 2 4.6 Ayr by by dyo 2ya 4y0 Yy Y 6ya
Jul 2 4.6 Ayr by by dyo 2ya 4y0 y2 Y Oya
Aug 2 4.6 Ayr by by dyo 2ya 4y0 y2 Y Oya
Sep 2 4.6 Ayr by by by ya 4y0 Yy Y 3ya
O-D Y15 4 4 4 1 Y16 Y30

Ad.F J-M Y13 4 4 4 1 Y16 Y30
Apr Yia 2 2 2 1 Yie 2y 2y1s 2Y19 2y Yo Y2 Y3 3yx
May 1 Y16 Yi7 Y8 Y9 Yo 4ya Yao 2y  2ys 9y
Jun 1 216 Yz Y18 Yo Yo 4dya 2y 2y2 2y Y
Jul 1 2156 Yz Y8 Yo Yo Aya 2730 2y2 2y
Aug 1 2156 Yir Y8 Yo Yo Aya 2y 2y 2ys Yy
Sep 1 2y Y17 Yis Y9 Yo 2Ya 2y 2v2 2y 3ya
O-D Y15 4 4 4 1 Y16 Y30

Hypothesis B Baseline
Y-Stock Baseline B (Matrix Y-BE)

Age/ Mon Sub - Area
Sex 1IW 1E 2C 2R 3 4 5 6W 6E 7CS 7CN 7WR TE 8 9 ON 10W 10E 11 12SW 12NE 13
Juv J-M 4 4y
Apr 1 4y
May 1 4 vy
Jun 1 4 vy
Jul 1 4 vy
Aug 1 4y
Sep 2 4y
O-D 4 4 vy
AdM J-M 4 4y
Apr 1 4y
May 1 4 vy
Jun 1 4 vy
Jul 1 4 vy
Aug 1 4 vy
Sep 2 4 vy
O-D 4 4 vy
AdF JM 4 4 vy
Apr 1 4 vy
May 1 4 vy
Jun 1 4 vy
Jul 1 4 vy
Aug 1 4 vy
Sep 2 4y
O-D 4 4 vy




Hypothesis B Baseline (contd.)
J-Stock Baseline B (Matrix J-BE)

Age/ Mon Sub - Area
Sex 1w 1E 2C 2R 3 4 5 6W 6E 7CS 7CN 7WR T7E 8 9 9N 10W 10E 11 12SW 12NE 13
J uv \]' M 2 2 2 4Y29 2Y1 2’Y4 Ve Y7
Apr 2 2 2 4Y29 2Y1 2’Y4 Ve Y7 2Y3 2’Y3
May 2 2 2 4Y29 2Y2 2’Y4 Ye Y7 2Y3 2’Y3
Jun 2 2 2 Ay 215 21 Yo Y1 2ye 2y
\]U I 2 2 2 4"{29 2"{3 2’)/5 Y6 Y7 2"{9 2’)/9
Aug 2 2 2 Ayn 23 2y Yo Y7 2¥9 29
Sep 2 2 2 4"{29 2"{3 2’)/5 Y6 Y7 2"{9 2’)/9
O- D 2 2 2 4"{29 2"{3 2’)/5 Y6 Y7 2"{9
Ad . M \]' M 2 1 4 4Y29 2Y1 2’Y4 Ve Y7
Apr 1 2 Zng 4Y 1 2’Y4 Y6 2Y7 Y8 Y8
May 1 2 Zng 4Y 2 2’Y4 2'Y6 2Y7 Y8 2Y8
\]U n 1 2 Zng 2Y3 4’Y4 2’Y6 2Y7 Y9 2’Y9
Jul 1 2 2"{29 2"{3 4’)/5 VG Y7 Yo 2'Y9
Aug 1 2 2y 2y3 Ays Yo Y1 Yo 2V
Sep 2 1 4 4"{29 2"{3 4’)/5 Y6 Y7
O-D 4 1 2 2y 2ys
AdF J-M 2 1 4 4ng Y1 Ya Y6 Y7
Apr 1 2 2y»9 271 Ya 26 2y7 Yo Yo
May 1 2 2y 272 Y4 26 2yr yan 2vu
\]U n 1 2 2"{29 V3 Ya 2’)/5 2"{7 Y12 2'Y12
Jul 1 2 2y9 73 Ys Yo Y7 Y12 2yn2
Aug 1 2 2y% 73 Ys Yo Y7 Y2 2V
Sep 2 1 4 dyy 3 Vs Ve Y7
O-D 4 1 2 Y3 Ys

0-Stock Baseline A (Matrix O-AB) Blue indicates changes since 2013 ISTs.

Age/ Mon Sub - Area

Sex 1w 1E 2C 2R 3 4 5 6W 6 7CS 7CN 7WR 7E 8 9 9N 10w 10E 11 12SW 12NE 13

Juv  J-M ys 4 4 4 4 Y16 Y30
Apr Yia 2 2 2 8 2y Y7 Y8 Y9 Y20 23 Y22 V23 Y4
May Yia 2 2 2 8 2y16 Y7 Y18 Y9 Yo Y 20 Y2 Y3 Yoa
Jun Yia 2 2 2 4 4y Y7 Y8 Y9 Yo Y 4y Y2 Y Y24
Jul vis 2 2 2 4 4y Y7 Y18 Y9 Yo Y2 4y Y2 Y23 Yoa
Aug s 2 2 2 4 46 Y7 Y8 Y19 Yo Y2 Ay v Va3 Y24
Sep Yis 2 2 2 4 4y Y7 Y8 Y9 Yo Va1 4y Y22 Y23 Y4
0O-D Y15 4 4 4 4 2y16 2y30

Ad.M J-M vy 4 4 4 1 Y16 Y30
Apr Y14 2 2 2 2 2vie  dyir dyis by by 2y V22 Y23 3y
May 2 2y Ay byis by by 2ya 2y Y2 Y Oy
Jun 2 4y by byis by by 2ya 4y Y2 Yz Oy
Jul 2 4.6 Ayr by by dyo 2ya 4y0 y2 Y 6ya
Aug 2 4.6 Ayr by by dyo 2ya 4y0 y2 Y 6ya
Sep 2 4.6 Ayr by by by ya 4y0 v Y 3ya
O-D Yis 4 4 4 1 Y16 Y30

Ad.F J-M Y13 4 4 4 1 Y16 Y30
Apr Yia 2 2 2 1 Yie 2y 2yis 2Y19 2y Yao Y22 Y3 3y
May 1 Yie Y17 Yis Y9 Yo dya Yo 2v2 2y 9y
Jun 1 2y Y7 Y8 Y9 Yo Az 2y0 2y2  2ys  9ya
Jul 1 2156 Yz Y8 Yo Yo Aya 2y 2y2 2y
Aug 1 2vi6 Y7 Y18 Y9 Yoo Aya 2ys0 2y2 2y 9ya
Sep 1 2vi6 Y7 Y18 Y9 Yao 2Ya 2ya0 2v2 2y 3va
O-D vis 4 4 4 1 Y16 Y30




Baseline Trials, Hypothesis E
For the baseline trials, stock assignment for Hypothesis E is based on the “geneland.stock2” assignment by GENELAND
in Data_NPM_190226_v3.csv. The number of samples assigned to stock by sub-area is as follows. Table 7a of
specifications details the assigned numbers by stock, sub-area, period and sex used to condition the trials.

Males 10E 11 1E 2C 6E 7CN 7CS 7E 7WR 8 9
J-stock 8 13 31 88 492 20 0 0 0 0 0
P-stock 0 39 0 10 0 384 217 0 0 0 0
O-stock 0 1 0 0 0 280 83 41 70 207 464
Unassigned 0 6 0 19 0 55 105 0 0 0 0
Females

J-stock 7 18 44 156 500 17 0 0 0 0 0
P-stock 0 24 0 10 0 216 296 0 0 0 0
O-stock 0 4 0 0 0 54 18 5 7 22 49
Unassigned 0 17 0 26 0 75 118 0 0 0 0

Pink highlight: animals of a stock have not been assigned to a sub-area, but are modelled in that sub-area in the mixing matrices
- It is assumed the J-stock occurs distributed in sub-area 7CS given they have been assigned to sub-areas 7CN and 2C to the
east of Japan as well as sub-areas 6E and 10E to the west of Japan.

Y-Stock Baseline E (Matrix Y-BE)

Hypothesis E Baseline

Age/ Mon Sub - Area

Sex 1w 1E 2C 2R 3 4 5 6W 6E 7CS 7CN 7WR 7E 8 9 9N 10W 10E 11 12SW 12NE 13

Juv  J-M 4 4y
Apr 1 4 vy
May 1 4y
Jun 1 4y
Jul 1 4 vy
Aug 1 4y
Sep 2 4y
O-D 14 4 yos

AdM J-M 4 4y
Apr 1 4 vy
May 1 4 vy
Jun 1 4 vy
Jul 1 4 vy
Aug 1 4 vy
Sep 2 4 vy
O-D 4 4y

AdF J-M 4 4 vy
Apr 1 4y
May 1 4y
Jun 1 4 vy
Jul 1 4 vy
Aug 1 4 oy
Sep 2 4 y
O-D 4 4

Y28




J-Stock Baseline E (Matrix J-BE)

Hypothesis E Baseline (contd.)

Age/ Mon Sub - Area
Sex 1IW 1E 2C 2R 3 6W 6E 7CS 7CN 7WR 7E 8 9 9N 10W 10E 11 12SW 12NE 13
Juv J-M 2 2 2 4"{29 2"{1 2’)/4 Y6 Y7
Apr 2 2 2 My 21 2y Yo Y7 2ys  2vs
May 2 2 2 4ng ZYZ 2’Y4 Ye Y7 2Y3 2Y3
Jun 2 2 2 4ng 2Y3 2’Y4 Ve Y7 2Yg 2Yg
Jul 2 2 2 dyy 2y 2ys Yo Yz 2ys 2y
Aug 2 2 2 4"{29 2"{3 2’)/5 Y6 Y7 2"{9 2"{9
Sep 2 2 2 4"{29 2"{3 2’)/5 Y6 Y7 2"{9 2"{9
O- D 2 2 2 4"{29 2"{3 2’)/5 Y6 Y7 2"{9
AdM \]'M 2 1 4 4ng 2Y1 2’Y4 Ye Y7
Apr 1 2 2y 4y 274 Y6 2y7 vs Vs
M ay 1 2 Zng 4Y 2 2’Y4 2Y6 2Y7 Y8 2Y8
Jun 1 2 Zng 2Y 3 4’Y4 2Y6 2Y7 Y9 2Y9
Jul 1 2 2"{29 2y3 4’)/5 Ve Y7 Yo 29
Aug 1 2 2y 23 Ays Yo Y1 Yo o 2¥o
Sep 2 1 4 Ayn 2y3 by Yo oo Y7
0-D 4 1 2 2ys  2ys
Ad.F J-M 2 1 4 4y 11 Ya G Y7
Apr 1 2 2y 2v1 Ya 26 2y1 Yo Yo
May 1 2 2y% 212 Y4 26 2y yn 2yn
Jun 1 2 2vn 3 Ya 2 217 vz 212
Jul 1 2 2y 3 Ys Yo v Yz 2ve
Aug 1 2 2y 13 ¥s Yo Y7 Y12 2V
Sep 2 1 4 dyag v3 Ys Ve Y7
0-D 4 1 2 Y3 Ys
P-Stock Baseline E (Matrix P-E)
Age/ Mon Sub - Area
Sex 1w 1E 2C 2R 3 6W 6E 7CS 7CN 7WR 7E 8 9 9N 10W 10E 11 12SW 12NE 13
Juv J-M Y13 4 Y16
Apr Yia 8 2y16 Y22
May Y14 8 2v16 Y22
Jun Y14 4 4yie Y22
Jul Y15 4 4yie Y22
Aug Yis 4 dyis Y22
Sep Yis 4 4y Y22
O-D Yis 4 2y16
Ad.M J-M Y13 1 Y16
Apr Yia 2 2y16 Y22
May 2 2’}/15 Y22
Jun 2 4y16 Y22
\]UI 2 4’}/15 Y22
Aug 2 4’}/15 Y22
Sep 2 4’}/15 Y22
0-D Yis 1 Y16
Ad.F \]'M Y13 1 Y16
Apl’ Y14 1 Y16 Y22
May 1 Y16 2y2
Jun 1 2’}/15 2Y22
Jul 1 2’}/15 2Y22
Aug 1 2’}/15 2Y22
Sep 1 2’Y16 2"{22
0O-D Yis 1 Y16




Hypothesis E Baseline (contd.)
O-Stock Baseline E (Matrix O-E)

Age/ Mon Sub - Area

Sex 1w 1E 2C 2R 3 4 5 6W 6 7CS 7CN 7WR T7E 8 9 9N 10w 10E 11 12SW 12NE 13

Juv J-M 4 4 4 4 Y16
Apr 2 2 2 8 216 Y7 Y18 Y19 Y20 Yo o Y23 Yoa
May 2 2 2 8 2y16 Y7 Y18 Y9 Yo Y Y2 Y23 Yoa
Jun 2 2 2 4 4y Y7 Y8 Y9 Yo Y Y2 Y23 Yoa
Jul 2 2 2 4 4y Y7 Y18 Y9 Yo Y& Y2 o Y23 Yo4
Aug 2 2 2 4 4y Y7 Y18 Y9 Yo Y2 Y2 Y23 Yo4
Sep 2 2 2 4 46 Y7 Y8 Y9 Yo o Ya Y2 V23 Yoa
0O-D 4 4 4 4 2"{15

Ad.M J-M 4 4 4 1 Y16
Apr 2 2 2 2 2756 Ay Ayis Ao Ay Y2 Y3 3y
May 0 0 O 2 2756 4y Ayis b Ao 2ya Y2 Y 6y
Jun 0 0 © 2 4y Ay dyis by by 2ya Yoo Y23 Oyam
Jul 0 0 © 2 4y Ay dyis by by 2ya Yoo Y23 Oyam
Aug 0 0 O 2 dyie Ay My Ay dyo 2yz Yo Y3 6y
Sep 0 0 O 2 dyie Ay Mys Ay by va Yo Y3 3y
0-D 4 4 4 1w

Ad.F J-M 4 4 4 1 Y16
Apr 2 2 2 1 Yie 2y 2yis 2Y19 2y Yoo o Y23 3ya
May 1 Y6 Y7 Yis Yo Yo 4dya 2y22  2vss 9y
Jun 1 2y Y7 Y8 Y9 Yo Az 2y 2y 9ya
Jul 1 2y Y7 Y8 Y9 Yo Az 2y 2y ya
Aug 1 2156 Yir Y8 Yo Yo Aya 2y 2yn Yy
Sep 1 2156 Yz Y8 Y9 Yo 2ya 2y2  2ys  3ya
0-D 4 4 4 1 Y16

Trial 5

For Trial 5, stock assignment for Hypotheses A and B are based on “stock70” assignment by STRUCTURE in
Data_NPM_190226_v3.csv. The number of samples assigned to stock by sub-area is as follows. Table 7a of specifications
details the assigned numbers by stock, sub-area, period and sex used to condition the trials.

Males 10E 11 1E 2C 6E 7CN 7CS 7E 7WR

J-stock 9 30 30 114 482 171 151 0 2 2 5
O-stock 1 35 1 27 3 625 308 44 76 223 470
Unassigned 1 0 1 2 10 22 18 0 2 4 12
Females

J-stock 6 30 43 200 495 118 161 0 1 0 0
O-stock 0 33 0 27 5 273 314 5 8 20 52
Unassigned 1 2 1 2 7 7 11 0 0 3 2

Pink highlight: animals of a stock have not been sampled in a sub-area, but are allowed in that sub-area in the mixing matrices.
Green highlight: indicates sub-areas that differ in presence/absence in Trial 5 from the baseline trials.
- The distribution of J-stock whales is assumed to extend further in Trial 5 compared to the baseline, and are thus assumed to be found in
sub-areas 7WR, 8 and 9 and by default therefore also in sub-area 7E.
Grey highlight: stock has been assigned to a sub-area, but is not modelled in that sub-area in the mixing matrices.
- No further extension in the distribution of O-stock whales from that assumed in the baseline is assumed in Trial 5 (e.g. into sub-areas 1E
or 6E) due to the small assignments of O-stock whales for sub-areas 1E and 6E compared to the number of J-stock whales assigned to these
sub-areas.

For Trial 5, stock assignment for Hypothesis E is based on “geneland.stock4” assignment by GENELAND in
Data_NPM_190226 v3.csv. The number of samples assigned to stock by sub-area is as follows. Table 7a of
specifications details the assigned numbers by stock, sub-area, period and sex used to condition the trials.

Males 10E 11 1E 2C 6E 7CN 7CS 7E 7WR 8 9
J-stock 8 14 31 96 492 21 4 0 0 0 0
P-stock 0 40 0 11 0 390 240 0 0 0 0
O-stock 0 1 0 0 0 308 91 42 77 217 478
Unassigned 0 8 0 20 0 55 111 0 0 0 0
Females

J-stock 7 18 44 164 501 20 2 0 0 0 0
P-stock 0 24 0 11 0 219 312 0 0 0 0
O-stock 0 4 0 1 0 62 20 5 9 23 52
Unassigned 0 18 0 26 0 77 124 0 0 0 0




O-Stock: as for Baseline (Matrix O-AB, O-E)

Trial 5

J-Stock Trial 5 (Matrix J-A5) Differences from the Baseline trial are highlighted in blue

Age/ Mon Sub - Area
Sex 1IW 1E 2C 2R 3 4 5 6W 6E 7CS 7CN 7WR 7E 8 9 ON 10W 10E 11 12SW 12NE 13
Juv M 2 2 2 2 2 4yx 2y1 2y4 Ym Y Yn  Ym: Yo Y7
Apr 2 2 2 2 2 Ay 20 2Ys Y31 Y35 Va2 Y33 Yo Y7 2vs  2vs
May 2 2 2 2 2 4yxw 2y, 2y4  Ym Y Yn  Ym: Yo Y7 2ys  2vs
Jun 2 2 2 2 2 dyy 2vs 2Ys Yai o Yis o Y2 Y33 Yo Y7 2y9  2ye
Jul 2 2 2 2 2 Ayn 2y 2ys a1 Y35 Y2 Y33 Yo Y7 2¥s  2ye
Aug 2 2 2 2 2 dyw 2y 25 ymi Y Y Y Yo Y7 2¥s  2Ye
Sep 2 2 2 2 2 dyn 23 2ys yam Vs Yo Y: Yo Y7 2ys  2ye
O-D 2 2 2 2 2 Ay 2ys  2ys yni s Ym o Vs Yo Y1 2¥
AdM J-M 2 2 1 2 4 Ay 2y1 2ya ym Y Yo Y3 Yo Y7
Apr 0 0 1 2 2 2y A4y 2ys 2yn 2y 2yn 2ys Yo 2y7 Vs Y8
May 0 0 1 2 2 2’}/29 4’)/2 2'}/4 2'Y31 2Y35 2Y32 2Y33 ZYG 2Y7 Vs ZYB
Jun 0 0 1 2 2 2y 2y s 2ya 2y 2ya 2y 26 2y1 Yo 2yq
Jul 0 0 1 22 2yn 2ys Ays ym Y Ym o Y Yo Y7 Yo 27
Aug 0 0 1 2 2 2y 2y 4ys Y Ys o Y2 Y33 Y6 Yoo Yo 29
Sep 2 2 1 2 4 dyn 2ys dys oy v Va2 Vm Yo Y7
O-D 4 4 1 2 2 2ys  2ys  yasi Y35 Y Y3
AdF J-M 2 2 1 2 4 dyny 1 Ya Yai o Y Y2 V33 Yo Y7
Apr 0 0 1 2 2 2yn 2n Ya o 2yn 2y 2yn 2ys; 26 2y7 Yo Yo
May 0 o0 1 202 2% 22 va 2ys 2y 2y: 2y 26 27 yn  2yu
Jun 0 0 1 2 2 2yn 73 Ya o 2yam 2y 2yn 2y: 2v6  2y7 Y2 2Vn2
Jul 0 0 1 22 2ym s Y5 Ya Vi Ymo ¥ Yo v7 T2 2Yn
Aug 0 0 1 2 2 2ym s Y5 Ysi o Y Yo Y33 Yo Y7 Y2z 2y
Sep 2 2 1 2 4 dyn 713 Ys Y Y Y2 Vs Yo Y7
O-D 4 4 1 2 2 Ys Y5 Y3 Y Y Va3
J-Stock Trial 5 (Matrix J-BE5) Differences from the Baseline trial are highlighted in blue
Age/ Mon Sub - Area
Sex 1w 1E 2C 2R 3 4 5 6W 6E 7CS 7CN 7WR T7E 8 9 ON 10W 10E 11 12SW 12NE 13
Juv  J-M ) 2 dyn 2y 2ya ym Y Y2 Yas Yo Y7
Apr 2 2 2 Ay 20 2Y4 Y3 Ya Y2 Y33 Yo Y7 2ys  2vs
May 2 2 2 Aye 2p 2y va Ya Ym o Y3 Yo Y1 2¥8  2vs
Jun 2 2 2 dyy 2vs 2Ys a1 Y31 Va2 Y33 Yo Y7 2¥s  2ye
Jul 2 2 2 Ayn 2y 2ys V31 Y3 Y2 Y33 Y6 Y 2y9 2y
Aug 2 2 2 4ynw 25 2ys Yai Y Ym  Ym: Yo Y7 2¥s  2ye
Sep 2 2 2 A4y 2y3 2ys ya Yai Y Y Yo Y7 2ys  2ve
O-D 2 2 2 Ay 2ys  2ys yni Yai Ym Vs Yo Y1 2¥
Ad.M J-M 2 1 4 Ay 2y1 2ya yu Ya Yn o Vs Yo Y7
Apr 0 1 2 2y Ay 2y 2ya 2ym 2y; 2ym Yo 2v1 Vs Y8
May 0 1 2 2y A2 2ya 2yn 2ym: 2y 2y 26 2y7 ys  2vs
Jun 0 1 2 2y 2y3  Ays 2yn 2yn 2yn 2ym 2ve  2y7 Y9 2v9
Jul 0 1 2 2y0 2y3 4ys  ya Y Ym  Ym: Yo Y Yo o 2¥e
Aug 0 1 2 2y0 2y3 4ys  ya Ya Ym  Ym: S R TRAT)
Sep 2 1 4 Ayx 2ys Ays  yn va Y2 V3 Yo Y7
O-D 4 1 2 2y3  2ys  yai Ys1i Ym Y33
Ad.F J-M 2 1 4 by 1 Ya Vi Vs Yo Vs Yo V7
Apr 0 1 2 2yn 21 Ya o 2yn 2yn 2y 2ys; 26 2y7 Yo Yo
May 0 1 2 2y 22 Y4 2yn 2yn 2y 2ys: 26 27 yn  2yu
Jun 0 1 2 2yn 73 Ya o 2ya 2yn 2yn 2y: 26 2y7 Y2 2V
Jul 0 1 2 2yn 3 Y5 Vi Y3 Yoo Y33 Yo Y7 Y12 2V
Aug 0 1 2 2yn 3 Y5 Vi Y3 Y2 Y33 Yo Y7 Y12 2V
Sep 2 1 4 Adyyn 3 Vs Yai o Ya Y2 Y Yo Y7
O-D 4 1 2 Y3 Y5 Yai o Y Ym2 o Y33




Appendix 3

Calculation of stock mixing proportions, including correction for “missing alleles”:
Unpooled results for sub-area 6W
C.L. de Moor

This appendix is based on de Moor (2011, 2014) and details the calculation of the stock mixing proportions by month
and sex used for conditioning the 2013 Implementation Simulation Trials of western North Pacific common minke
whales (Allison et al, 2014).

In calculating the mixing proportions in sub-area 6W, samples representative of ‘pure’ Y-stock and J-stock animals were
taken as follows:

Stock Location / months to define pure sample Haplotypes Sample Size Loci Sample Size
Y-stock 5 (all months) 58 58 58 58 58 58 58 56 58 58 58 54
J-stock 6E (all months) 392 392392 392 392 392 392 392 392 392 392 392 (392 391
392392 392)

Mixing proportions in sub-area 6W were calculated from 415 samples from bycatch data only.

Hyp B and E: Proportion of J Sample Size Proportion SE Sample Size (x11) Proportion SE
mixing with Y Haplotypes Loci

Jan-Mar Males 83 0.555 0.142 83 with 81 in 11t 0.745 0.050
Apr 37 0.449 0.253 37 with 36in 1%t 0.963 0.083
May 41 0.749 0.243 41 with 40 in 8" 0.926 0.062
Jun 43 0.534 0.245 43 0.787 0.080
Jul 21 0.830 0.38 21 0.788 0.089
Aug 16 1.000 0.004 16 with 15 in 11t 0.726 0.137
Sep 20 0.533 0.335 20 with 18 in 11t 0.475 0.107

97 with 96 in 7t and

Oct-Dec 97 0.629 0.140 94 in 11t 0.859 0.049

Jan-Mar Females 13 0.730 0.314 13 with 12 in 6% 0.284 0.128
Apr 3 0.002 0.139 3 0.751 0.301
May 7 0.000 0.006 7 0.529 0.148
Jun 10 0.364 0.309 10 0.583 0.167
Jul 1 1.000 0.009 1 0.999 0.000
Aug 4 1.000 0.024 4 0.457 0.323
Sep 6 0.415 0.636 6 with 5 in 9t 0.773 0.143

Oct-Dec 13 0.409 0.455 13 with 12 in 11t 0.806 0.130

415 with 414 in 1%, 6-
Summary: all data 415 0.625 0.069 9t and 406 in 11 0.776 0.109
Pooled Data

Jan-Mar MF 96 0.584 0.131 96 with 95 in 6%, 94 in 11t 0.672 0.047

Apr-Jun MF 141 0.496 0.126 141 with 140 in 1%, 8t 0.812 0.04

Jul-Aug MF 42 1.000 0.004 42 with 41in 11* 0.749 0.077

136 with 135 in 7th, 9t, 130
Sep-Dec MF 136 0.593 0.123 in 11t 0.761 0.04
Notation:

In most cases samples are obtained from 16 loci. In sub-area 6W samples from the first 11 loci only were available to be
used in the calculation of the mixing proportions, denoted by (x11) in the above table. In some cases there was a missing
value in a sample at a particular loci. Thus, for example if the total sample size were 50, for one of the loci (the 10t) the
sample size is 49. This is noted by saying e.g. “50 with 49 in 10t"”,
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Appendix 4
Method to derive the adjusted coefficient of variation for zero survey estimates
AE Punt

Simple case - the data are the number of observed whales and the sampling process is Poisson (for the case of one
area):

LnL =" (ny*n(B,P,)-B,P,) (1)

where nj * is the observed number of animals during the survey in yeary, P, is the true population size in year y, and
B, is the proportion of the area occupied that was sampled. For B, =1 this collapses to the standard Poisson

likelihood.

Now consider the situation in which there is over-dispersion (e.g. clumping), one can account for this by defining
an over-dispersed distribution for the data, i.e.

LnL—>> (n*(B,P,)-B,P,) | a (2)
y

where o is a measure of overdispersion (and would be greater than 1 for over-dispersed sampling). Justin provided the
following formula for a:

a=) CV(P»)Nn* /1 3)
y' y'

where the summation is over years for which there is a CV for the abundance estimate and a value for the number of
sightings.
To derive 3, one estimator for a is:

var(observed,)

a=y 1>1 (4)

7 var(expected,) 5

obs y 2
,)

where var(observed ) = CVZ(Py)(n and var(expected ) = n;bs (under the Poisson assumption) so that

var(observed,)  (ny*)?CV?(n”) (n)™)’CV?(R,)

= n®*CV?(P,) (5)
var(expected, ) E(n)™) ny> y y
which is close to, but not identical to, 3. An alternative estimate for o would be:
bs \ 2 2
> var(observed ) ) (n*)’CV*(P,)
y ~_ Y
obs
> var(expected, ) >
y y

Equation 6 would (I suspect) be more robust to odd outlying estimates of CV.



	Annex_D_Trials.pdf
	Specifications for the In Depth Assessment of western North Pacific Minke Whales
	A.  Basic concepts and stock structure
	B.  Basic dynamics
	C. Births
	D. Catches
	D.2 Incidental catches (also known as bycatches)

	Reported bycatches
	E. Generation of data

	Apr
	Mar
	Apr
	Mar
	Sub-area
	Apr
	Mar
	Apr
	Mar
	Sub-area
	Table 4
	F.  Parameter values and Conditioning
	G. Trials
	H. Management options
	I. Output statistics
	Appendix 1
	The Historical Catch Series





<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



