
Annex F 

Report of the Sub-Committee on In Depth Assessment 

population modelling exercise. The compiled datasets 
included: a historical catch series by sex and subarea; a table 
of absolute abundance estimates by sub-area for use in the 
assessment and model; an array of relative abundances by 
10° square and 5-year period during 1965-2015 from 
Japanese scouting vessel and research cruises; and a data file 
of Japanese marks and recaptures. These inputs were used 
for some provisional runs of the assessment model developed 
by Punt, which were presented in SC/67b/IA01. 

The sub-committee expressed its appreciation for the work 
of the intersessional group. The model structure and most of 
the model inputs were subject to further discussion and 
amendment at this meeting, as detailed in Item 3.2. 

3.2 Preparation of data for assessment 
3.2.1 Stock structure hypotheses 
Last year the sub-committee agreed to proceed with two 
stock structure hypotheses for modelling purposes: (i) a 
single stock in the entire North Pacific; and (ii) five stocks 
with some overlap in feeding areas. The sub-committee had 
not attempted to reach agreement on the plausibility of the 
two hypotheses. The sub-committee had agreed that the 
evidence for multiple stocks was weak. However, because 
virtually all the genetic samples had been obtained in just 
one of the putative sub-areas (the Pelagic sub-area), the sub-
committee was not able to reject the hypothesis of multiple 
stocks at this stage. The sub-committee emphasised that this 
decision to proceed does not imply endorsement of either 
hypothesis at this stage.  

At the end of last year’s meeting the sub-committee had 
revised its originally proposed sub-areas to bring them into 
line with the strata used in the IWC-POWER sightings 
surveys, to facilitate the extraction of abundance estimates 
by sub-area (IWC, 2018). However, at this meeting the sub-
committee noted that this revision was problematic. Firstly, 
it did not respect the original oceanographic motivation for 
the sub-areas (Mizroch et al., 2016); secondly, the revision 
resulted in a much greater inter-area movement of marked 
animals. The sub-committee therefore agreed to return to the 
original sub-areas, but with some modification in the western 
North Pacific. One modification was the line between the 
Pelagic and Western Coastal sub-areas was shifted westward 
to respect the original oceanographic motivation. This has 
the effect that Ogasawara and the pelagic catches are now 
included in the Pelagic sub-area, and the coastal catches 
remain within the Western Coastal sub-area. Also, as 
recommended by the intersessional correspondence group, 
the other modification was the line between the Eastern 
Coastal and Eastern North Pacific sub-areas was shifted 
south from 50°N to 48°N to facilitate the allocation of 
Canadian catches. A map of the revised sub-areas is given in 
Appendix 2. 

The sub-committee considered that the re-extraction of 
data according to the sub-areas agreed this year would not 
be impractical. The catch series and relative abundance series 
were revised at this meeting, while the revision of the 
marking data and absolute abundance estimates could be 
entrusted to an intersessional group. 

To ensure that the multi-stock hypothesis could be made 
consistent with available information, some overlap in 
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1. INTRODUCTORY ITEMS 

1.1 Introductory remarks 
Palka welcomed the participants. 

1.2 Election of Chair 
Palka was elected Chair for this meeting and encouraged 
participants to consider becoming a co-chair. 

1.3 Appointment of Rapporteurs 
Cooke, Clapham and Palka agreed to act as rapporteurs. 

1.4 Adoption of Agenda 
The adopted Agenda is shown in Appendix 1. 

1.5 Documents available 
The documents considered by the sub-committee were SC/67b/ 
IA01-IA03, Murase et al. (2018) and SC/67b/SCSP03. 

2. IN-DEPTH ASSESSMENT OF INDO-PACIFIC 
ANTARCTIC MINKE WHALES 

An intersessional correspondence group was tasked to 
finalise a document synthesising the results of the in-depth 
assessment of an eastern Indian stock (I-stock) and a western 
South Pacific stock (P-stock) of Antarctic minke whales 
distributed between 35°E and 145°W. The assessment, 
carried out from 2001 to 2014, covered systematics, 
commercial and research catches, survey methods, stock 
structure, abundance estimates, spatial distribution patterns, 
biological information, population dynamics, species 
interactions, food habits, energetic requirements, pollutants 
and marine debris interactions. Last year a draft version of 
the paper was submitted to the Committee where comments 
were received. During the intersessional period the synthesis 
paper (Murase et al., 2018) was finalised and submitted to 
the Journal of Cetacean Research and Management.  

The sub-committee commended the authors for submitting 
the paper to a journal for publication and acknowledged the 
great effort that had gone into synthesising the results of this 
assessment. Because the paper has just started the review 
process, the sub-committee agreed to re-establish the 
intersessional correspondence group, under Murase (Tables 1 
and 2). The terms of reference of the group is to ensure 
publication of the submitted paper that summarises the in-
depth assessment of the Indo-Pacific Antarctic minke whale.  

3. IN-DEPTH ASSESSMENT OF NORTH PACIFIC 
SEI WHALES 

3.1 Progress on intersessional work 
The intersessional correspondence group convened by 
Cooke worked during the year to compile input data for the 



feeding sub-areas was allowed between the five putative 
stocks. For each stock hypothesis, a schematic diagram of 
the feeding sub-areas and the allowed movements between 
them is shown in Appendix 3, along with a table of the 
‘mixing matrix’ which links the putative stocks to feeding 
sub-areas.  

The sub-committee once again stressed that these sub-
areas have been agreed merely for the purpose of allowing 
the modelling work to proceed. No decision on the 
plausibility or otherwise of either hypothesis has been made.  

3.2.2 Abundance and trends 
A regression analysis of Japanese scouting vessel and 
dedicated survey data over the years 1965-2015 by 10° 
square and 5-year period had been prepared for the 
intersessional group and was reviewed by the sub-
committee. The sub-committee noted that the data set is 
unbalanced; in the later years, there was effort only in the 
western north Pacific, not counting the areas to the south of 
30° where only Bryde’s whales were seen (see Appendix 4, 
Fig. 1). The unbalanced nature of the data is accounted for 
in principle by using the variance-covariance matrix in the 
fitting process, but the sub-committee nevertheless deemed 
it preferable not to use abundance indices that were based on 
less than 500nm survey effort. The resulting reduced set of 
abundance indices in given in Appendix 4 along with their 
correlation matrix.  

Building on the work of the intersessional group, the sub-
committee agreed in principle to a revised table of absolute 
abundance estimates (Appendix 5). However, the changes in 
the sub-areas necessitate some further reallocation of the 
estimates between sub-areas. The sub-committee agreed that 
this would be relatively straightforward, because nearly all 
the sightings were in the Pelagic sub-area, and that this task 
could be accomplished by the intersessional working group 
(see work plan in Item 5.1.2).  

Some of the estimates in the table are annotated as 
minimum estimates, because they only covered part of the 
sub-area to which they apply. Some estimates are zero, and 
should be handled as recommended in the RMP 
specifications (IWC, 2012). Punt agreed to modify the 
likelihood function in the model to accommodate both 
minimum estimates and zero estimates. 

3.2.3 Marking data 
SC/67b/IA02 reported on 11 dedicated whale marking and 
sightings cruises conducted from 1962 to 1969 along the 
eastern North Pacific coast from northern California to the 
southern tip of Baja California and beyond. Most surveys 
were conducted in winter months and 991 groups of large 
whales were sighted. Sei whales were seen in all years and 
most months during which the surveys were conducted. A 
total of 31 groups of sei whales were seen. A total of 12 were 
potentially marked (hit or possible hit). Marks were 
recovered from 2 sei whales.  

These mark recovery data were included in the analysis 
presented to the sub-committee in 2015 (Mizroch et al., 
2016) and have been incorporated into the marking data set 
to be used as input into the assessment. 

In the intersessional period Allison and Yoshida prepared 
a data file on Japanese marks and recoveries of sei and 
Bryde’s whales in the North Pacific during 1949-1981. These 
data had been used in the preliminary model runs reported 
in SC/67b/IA01.  

The sub-committee discussed a number of issues 
associated with the marking data. These included marks 

placed where the species was uncertain, and tags recovered 
from species different than the one recorded on marking. The 
effective number of hits was also unclear, with some tags 
having been recovered from ‘possible hits’ and presumed 
misses. It was also not always clear when two tags had been 
placed in the same whale, when only one was recovered.  

There were also some marks recovered at unknown 
locations: these had been found in the cooker, but it was 
unclear how long they had been there because the cookers 
were not cleaned out very often. There was a lot of grime 
and slime in there. The sub-committee considered that it was 
better to use these recoveries because they could be assigned 
to sub-area with little doubt.  

Yoshida and Mizroch worked during the meeting to 
develop criteria for separating genuine marked sei whales 
from those which were likely Bryde’s whales. However, it 
was not possible to resolve all remaining issues with the 
marking data set in the time available. These issues are listed 
in Appendix 6. The sub-committee agreed that the proposed 
intersessional correspondence group (see Item 5.1.2) should 
resolve these issues after the meeting and produce a final 
data set for use in the in-depth assessment. The sub-
committee also agreed that the winter marks be used; Punt 
confirmed that this could be done through a simple 
modification to the model. 

SC/67b/SCSP03 reported the results of the satellite 
monitored tagging experiments on North Pacific sei whales 
conducted during the 2017 NEWREP-NP survey. A total of 
44 tagging experiments were conducted using SPOT6 type 
tags with LKArts system for attachments from Yushin-Maru-
type sighting/sampling vessels. A total of 15 tags were 
deployed on sei whales, of these eight tags transmitted the 
locations and movement of the whales. Two sei whales were 
tracked for more than 35 days, and these two whales showed 
a longitudinal movement. In general, the tagging experiment 
of penetrate-type tags from sighting/sampling vessels seems 
to be practical. However, some technical improvements have 
been identified which could increase the tracking period. 

Noting how tag data are valuable in documenting 
movement patterns which is an important aspect in this 
assessment, the sub-committee welcomed the results of the 
tagged North Pacific sei whales, and encouraged the 
placement of further, improved tags on future cruises 
throughout the North Pacific.  

Attention SC, G: 
The movement of the two tagged North Pacific sei whales 
presented at this meeting remained within the Pelagic sub-
area. The sub-committee recommended that when feasible, 
any researcher working in the North Pacific tag sei whales 
in one or more of the other sub-areas to assist in quantifying 
the movement patterns of the animals.  

3.2.4 Catch history 
Based on the sub-areas agreed last year (IWC, 2018) during 
the intersessional period Cooke generated a catch series by 
sub-area and sex from 1907-2017. On the suggestion of 
Allison, the line between the Eastern Coastal and Eastern 
North Pacific sub-areas was moved from 50°N to 48°N so 
that the Canadian coastal catches that lacked position data 
could be assumed to have been taken within one sub-area, 
the Eastern North Pacific sub-area. The US coastal catches 
were assumed to have been taken in the Eastern Coastal sub-
area. Of the Japanese coastal whaling catches for which 
position data were available, almost all sei whales were taken 
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in the Western Coastal sub-area. Therefore, it was assumed 
that the Japanese coastal whaling catches without positions 
were also taken in the Western Coastal sub-area.  

For those Japanese coastal catches that were not divided 
between sei and Bryde’s whales, the sei/Bryde’s split for the 
summary data followed Allison (2008). For those years and 
stations where the catches by sex were not divided into sei 
and Bryde’s whales, the Bryde’s whales catch by sex was 
estimated based on the average female proportion (44%) of 
Bryde’s whales taken in the Western Coastal sub-area. This 
proportion showed little annual variation. The estimated 
Bryde’s whale catches by sex were deducted from the 
combined catches by sex to yield estimates of sei whale 
catches by sex. 

During this meeting the catch series was further revised 
to take account of the changes to sub-areas agreed at this 
meeting. The resulting catch series of sei whales by year, 
sub-area and sex, and the assumptions made to produce it, 
are given in Appendix 7. 

The month is known for about 75% of the catch. Of the 
catch with known month, over 99% was taken in summer 
(May-October). Therefore, it was assumed for modelling 
purposes that all catches were taken in summer. 

3.2.5 Life history parameters 
The life history parameters of North Pacific sei whales were 
last reviewed by the Committee in 1974 (IWC, 1977). The 
age at sexual maturity (ASM) was estimated to be 10 year 
in the eastern North Pacific (Rice, 1977). Masaki (1976) 
estimated the mean age at sexual maturity of both sexes to 
have decreased with time from about 10 year prior to 1930 
to 6 year (females) or 7.5 year (males) in the early 1960s. 
However, the latter estimates appear to have been based on 
transition layers without correction for the truncation effect 
in recent cohorts (IWC, 1984).  

The 1974 assessment assumed a value of 0.06 for the 
natural mortality rate. However, this was based on estimates 
of total apparent mortality (Z) rates of 0.054 for males and 
0.062 for females from catch curve analyses from the catches 
taken during 1967-1972, when the population could already 
have been impacted by exploitation, given catches of 35,000 
sei whales prior to 1965. 

There does not appear to be any more recent information 
on the age at maturity or mortality rate in North Pacific sei 
whales, despite the sampling of over 1,350 sei whales under 
JARPN II.  

Taylor et al. (2007) estimated an age at first reproduction 
(AFR) of 9 year and an M value of 0.04 for sei whales based 
on inter-specific regressions. The sub-committee agreed to 
use an ASM of 8 year and an adult natural mortality rate of 
0.04 for the in-depth assessment. 

3.3 Assessment model  
SC/67b/IA01 detailed the provisional model structure for 
North Pacific sei whales. This had been updated from last 
year to be able to accommodate the available data types 
(catches, estimates of absolute abundance, estimates of 
relative abundance, and mark-recapture data). Preliminary 
applications of the model based on 1-stock and 3-stock 
hypotheses indicated some conflicts between the catch and 
abundance data.  

The main conflict arose in the Mixed sub-area, where the 
abundance was too small to enable all the catches to be taken. 
In discussion, it was noted that this problem was caused by 
treating the Mixed sub-area as a discrete feeding group. The 
sub-committee agreed that it should be treated as an area of 

overlap between multiple adjacent feeding groups, 
(potentially the Eastern North Pacific, Pelagic and Aleutian 
sub-areas) such that whaling in the Mixed sub-area could 
take whales from any of the overlapping feeding groups. This 
would make it less likely that the whalers would ‘run out of 
whales’. Punt agreed to revise the model accordingly (see 
work plan in Item 5.1.2). 

4. COMPREHENSIVE ASSESSMENT OF NORTH 
PACIFIC HUMPBACK WHALES 

4.1 Progress on intersessional work 
Work towards a Comprehensive Assessment of North Pacific 
humpback whales began in 2016, and included an 
intersessional workshop held in April 2017 (IWC, 2018). 
Following SC/67a, an intersessional steering group was 
formed to oversee additional work. Clapham presented the 
report of this group (SC/67b/IA03). The main tasks of the 
group were to prioritise stock structure hypotheses, facilitate 
further work on abundance estimates, and to prepare for a 
possible second workshop in 2018. Despite much discussion 
among members of the Steering Group, progress on these 
objectives was slow, in part because of uncertainty regarding 
stock structure hypotheses. Nonetheless, a way forward was 
agreed, details of which are given below. After consideration, 
the Steering Group concluded that insufficient progress had 
been made to justify holding a second workshop in 2018, and 
agreed that this meeting should be postponed. 

4.2 Preparation of data for assessment 
4.2.1 Stock structure hypotheses 
The sub-committee agreed that simplified subdivisions of 
North Pacific humpback whale feeding habitats as proposed 
by the Steering Group were largely consistent with existing 
data, in particular with the results obtained by the SPLASH 
project. These subdivisions (areas for allocation of catches) 
are illustrated in Fig. 1 and include (from west to east): (1) 
the western Bering Sea and Aleutian Islands; (2) the eastern 
Bering Sea, Aleutian Islands and western Gulf of Alaska; (3) 
the Central Gulf of Alaska (including Prince William Sound); 
(4) southeast Alaska and northern British Columbia; (5) 
southern British Columbia and Washington State; and (6) 
California and Oregon. There remains an open question of 
whether area (1) above should include the Commander 
Islands. 

With regard to breeding areas, the sub-committee agreed 
that sub-division of some of the breeding areas used in a 
former population assessment model (Ivashchenko et al., 
2016) was warranted, and the following approach was 
proposed: 

(1) Mexico’ should be divided into three distinct sub-areas: 
the Revillagigedo Archipelago, the Mexican mainland, 
and Baja California. The former two areas are considered 
breeding areas and Baja California a migratory route. 

(2) The ‘Asia’ breeding area, which formerly encompassed 
the Philippines, Okinawa and Ogasawara should be sub-
divided into two sub-areas: Okinawa with the Philippines 
(referred to as OK+PH), and Ogasawara. The latter is 
now considered a migratory corridor for whales 
wintering off Asia (but see below). 

Four potential modeling scenarios were proposed, and these 
are illustrated in annex 1 of SC/67b/IA03. The potential 
usefulness of including an ‘unknown’ breeding area (which 
included the Marianas Islands) in at least a few modeling 
scenarios was also discussed. While there may be difficulties 
associated with the estimation of model parameters, this idea 
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should be explored further. If the Marianas are included (as 
part of the ‘unknown breeding area’) as a breeding ground 
in the model, consideration should be given to the allocation 
of catches from Ogasawara to both Asia and to the 
‘unknown’ breeding area. 

In addition to Baja California and Ogasawara, the 
proposed simplified stock structure considers Japan and the 
Kuril Islands as a migratory corridor that would be 
associated with the Asian breeding area. 

The sub-committee agreed that it would be useful to 
analyse humpback photo-ids taken after the SPLASH 
project, particularly in some key areas, to help clarify the 
connections among them. The primary areas of interest 
include the Philippines, Japan, Russia, the Bering Sea, the 
Aleutian Islands, the Gulf of Alaska, and Mexico. This 
analysis involves a large-scale matching effort to collect and 
compare photo-id data from selected areas of the North 
Pacific, including those for which the SPLASH sample size 
was relatively low. If approved by the various catalogue 
holders involved (some of whom had already expressed 
tentative interest), the photo-id comparisons would be 
accomplished using the largely automated Happywhale 
system managed by Ted Cheeseman and discussed in the 
Working Group on Photo-Identification (see Cheeseman et 
al., 2017; SC/67b/PH05).  

Attention: SC; CG-R, G 
The sub-committee recommended that a large-scale 
matching effort of recent Pacific humpback whale photo-ids 
taken after SPLASH be conducted to help clarify the 
connections among the feeding/breeding areas within the 
North Pacific. In additions, analyses of these matches might 
also be used to derive new abundance estimates, subject to 
consideration of potential biases and differential survey 

effort. To obtain the most robust assessment and thus 
conservation advice, the sub-committee encouraged all 
catalogue holders to participate in this exercise, after the 
appropriate data sharing agreements are made.  

4.2.2 Abundance and trends 
Previously planned intersessional work to re-compute 
abundance estimates was not completed and must now be 
undertaken in the period prior to SC/68a. It was noted that 
estimates for local areas in Japan might be available by next 
year. The sub-committee encouraged pursuit of these 
estimates, but the utility of these relative to areas proposed 
for the models would need to be assessed. Kato stated his 
belief that the humpback population was expanding and may 
be recolonising former migratory areas in Japan, notably 
Okinawa. 

 Preliminary estimates of humpback whale abundance 
developed from the IWC-POWER cruise were now available 
(SC/67b/NH04). The sub-committee welcomed these 
estimates, but noted that they would need to be recomputed 
relative to the areas proposed for the assessment model, if 
they are to be used. 

4.2.3 Catch history 
Catches have been assigned to the four scenarios described 
above, but may need to be adjusted if additional information 
requires changing the proposed feeding/breeding areas. 
Consideration should be given to the time period used in the 
assessment, and specifically whether historical catches 
before the modern era should be included. 

The sub-committee agreed that it was probably 
unnecessary to consider a factor for struck and lost animals 
given the efficiency of modern whaling, and the uncertainties 
regarding incomplete catch series in earlier periods. 
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Fig. 1. Stock structure hypothesis scenario 1 that includes 7 feeding and 6 breeding areas (including the ‘unknown’ breeding area, which includes the 
Mariana Islands. Note that Japan, Ogasawara (in the west) and Baja California (in the east) are considered migratory routes. Catch numbers are shown. 



4.2.4 Life history parameters 
There was no new information on life history parameters, and 
the model to be used in the assessment does not require age 
structure. If required for other analyses, the life history 
parameters summarised in Zerbini et al. (2010) may be utilised. 

4.3 Assessment model  
As previously, the sub-committee agreed that a simplified 
age-aggregated model should be used for the assessment. 
The model requires abundance estimates for both breeding 
and feeding areas as well as information on linkages between 
areas. Sensitivities to be explored include allocating the 
Commander Islands to either the western or eastern Bering 
Sea feeding areas (due to uncertainty about the migratory 
destinations of these whales); and modelling ‘Asia’ and 
‘Mexico’ as previously defined in Ivashchenko et al. (2016). 

5. WORK PLAN AND BUDGET REQUESTS FOR 
2019-20 

5.1 Work plan 
5.1.1 In-depth assessment of Indo-Pacific Antarctic minke 
whales 
To ensure the submitted paper that synthesises this in-depth 
assessment is published, the sub-committee agreed that the 
work plan (Table 1) is to re-establish the steering group 
convened by Murase (Table 2) to complete the journal’s 
review process and further any needed work to ensure the 
paper is published. No funds related to this assessment are 
being requested. 

5.1.2 In-depth assessment of North Pacific sei whales 
In light of the intersessional work and further progress made 
during this meeting, the following work plan was agreed. 
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(i) Finalise and fully document the data inputs for the 
assessment, including revise the absolute abundance 
estimates by the revised sub-areas.  

(ii) Modify the assessment model structure to incorporate 
the issues identified, including modify the likelihood to 
accommodate both minimum and zero estimates of 
abundance, use winter marks, and treat the Mixed sub-
area as an area of overlap not a discrete feeding area.  

(iii) Conduct runs of the assessment using the updated data 
and modified model.  

(iv) Review results of initial runs and specify alternative 
assumptions if required. and  

(v) Report to next year’s meeting on the input data, final 
model specifications and results. 

To oversee this work plan the sub-committee agreed to re-
establish the intersessional steering group convened by Cooke 
(Table 2). It is expected that this work will be completed by 
the 2020 Committee meeting, if not by the 2019 meeting. 

5.1.3 Comprehensive assessment of North Pacific humpback 
whales 
In light of the conclusions regarding stock structure, the 
following work plan was agreed (Table 1): 

(i) S. Baker will assess the feasibility of conducting mixed-
stock analysis in the feeding grounds to better inform 
the allocation of catches for the assessment model. 

(ii) Wade will re-compute abundance and interchange rate 
estimates for North Pacific humpback whales using the 
model described in Wade et al. (2016) for the various 
stock structure hypotheses agreed above. 

(iii) Punt will revise the assessment model according to the 
stock structure hypotheses described above. 

(iv) Ivashchenko and Zerbini will provide a ‘dummy’ file 
with input parameters to Punt for further model 
development. They will also collate other information 
required for the assessment model (in addition to the 
ones provided by Wade’s model), which would be 
provided to Punt when all information needed for model 
runs becomes available.  

(v) Photo-id catalogue holders from key areas will be 
approached with a view to conducting an update of 
SPLASH photo matching, in order to provide new 
information with which to refine existing stock 
structure hypotheses. 

To oversee this work plan the sub-committee agreed to 
re-establish an intersessional steering group under Clapham 
(Table 2). To ensure progress of this Comprehensive 
Assessment, the sub-committee agreed that an intersessional 
workshop was necessary after the intersessional Steering 
Group decides sufficient progress has been made. Depending 
upon progress on this work, the intersessional steering group 
will determine the timing of the intersessional workshop 
which will be prior to SC/68b. 

5.2 Budget request for 2019-20 
To ensure progress of the in-depth assessment of North 
Pacific sei whales, the sub-committee agreed to request 
funds for Punt to modify the assessment model, run the 
modified model with the updated input data, and produce  
a report with a description of the model and results  
(Table 3).  

To ensure progress of the Comprehensive Assessment of 
North Pacific humpback whales, the sub-committee agreed 
to request funds for an intersessional workshop and funds to 
modify the assessment model, run the modified model with 
the updated input data, and produce a report with a 
description of the model and results (Table 3). Details of 
work to be completed prior to this workshop are in Item 
5.1.3. 

6. ADOPTION OF REPORT 

The report was adopted at 14:17 on 2 May 2018. 
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Appendix 1 

AGENDA 

of abundance and migratory destination for North Pacific humpback 
whales in both summer feeding areas and winter mating and calving 
areas. Paper SC/66b/IA21 presented to the IWC Scientific Committee, 
June 2016, Bled, Slovenia (unpublished). 42pp. [Paper available from the 
Office of this Journal]. 

Zerbini, A.N., Clapham, P.J. and Wade, P.R. 2010. Assessing plausible rates 
of population growth in humpback whales from life-history data. Mar. 
Biol. 157(6): 1225-36. 

1.   Introductory items 
      1.1   Introductory remarks 
      1.2   Election of Chair 
      1.3   Appointment of rapporteurs 
      1.4   Adoption of Agenda 
      1.5   Documents available 
2.   In-depth assessment of Indo-Pacific Antarctic minke whales 
3.   In-depth assessment of North Pacific sei whales 
      3.1   Progress on intersessional work 
      3.2   Preparation of data for assessment 
              3.2.1    Stock structure hypotheses 
              3.2.2    Abundance and trends 
              3.2.3    Marking data 
              3.2.4    Catch history 
              3.2.5    Life history parameters 
      3.3   Assessment model  
4.   Comprehensive assessment of North Pacific humpback 

whales 

Appendix 2 

LINES FOR DIVIDING DATA INTO SUB-AREAS FOR IN-DEPTH ASSESSMENT  
OF NORTH PACIFIC SEI WHALES 

S. Mizroch and J. Cooke 

At the 2015 Committee meeting, it was agreed to proceed 
with the in-depth assessment of North Pacific sei whales with 
two alternative stock structure hypotheses (IWC, 2016). The 
available genetics, mark recovery, sightings, and seasonality 
evidence for both stock structure hypotheses was 
summarised in Appendix 4 of Annex G (IWC, 2016). At that 
time, the Committee was not in a position to specify precise 
sub-areas for the 5-stock hypothesis. 

At the 2016 Committee meeting, with a view to facilitate 
the assignment of catches and abundance data to stocks, 
developed tentative simplified sub-areas for the five-stock 
hypothesis, as shown in Appendix 4 of Annex G (IWC, 
2017) and reproduced here as Fig. 1. 

At the 2017 Committee meeting, it was tentatively agreed 
to use the sub-areas in Appendix 2 of Annex F (IWC, 2018), 
also shown here in Fig. 2, for compiling catch and abundance 
data for use in the assessment model. It was also agreed  
that the intersessional correspondence group could modify 
them, if necessary to facilitate allocation of sightings and 
other data to the sub-areas. In addition, during 2017 the 
Committee agreed that sei whales do not occur to any 
significant extent in the following areas: Okhotsk Sea (apart 
from the Kuril Islands); Sea of Japan; waters north of the 
Bering Strait.  

Meeting after adoption of the 2017 sub-committee report, 
the intersessional correspondence group modified the sub-
areas to facilitate the assignment of the absolute abundance 

estimates from the POWER cruises, which used the EEZ as 
its definition of the survey blocks. The differences between 
the straight line definitions as defined in 2017 and the EEZ 
lines are shown in Fig. 3 (from SC/67b/IA01). 

At the 2018 sub-committee meeting, it was noted that the 
revised lines did not respect the original oceanographic 
motivations for the sub-areas. To return to the original 
motivations and still facilitate the extraction of data by sub-
area two decisions were made. One, the line between the 
Eastern Coastal and Eastern North Pacific sub-areas was 
shifted south from 50°N (as suggested in 2017) to 48°N to 
facilitate the allocation of Canadian catches (Fig. 3). And two, 
the line between the Pelagic and Western Coastal sub-areas 
was shifted westward to respect the original oceanographic 
motivation (Fig. 4).  

The resulting sub-areas are shown in Fig. 5. And will be 
used to divide the data for this assessment. They do not 
represent agreed stock boundaries. 
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Fig. 1. From the 2016 Committee meeting, the tentative lines for dividing data into sub-areas. 

Fig. 2. From the 2017 Committee meeting, the tentative lines for dividing data into sub-areas. 
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Fig. 3. From the 2017 Committee meeting, the tentative lines (solid bold black lines) and the EEZs (shaded and outlined in yellow)  
as suggested by the intersessional correspondence group used to divide catches (colored dots). 

Fig. 4. Oceanographic features (colored arrows) and IWC-POWER cruise Bryde’s sightings (yellow dots) and track lines (green lines)  
overlaying the 2018 lines (black lines) for dividing data into sub-areas. 



Appendix 3 

MIXING MATRICES BETWEEN SUB-AREAS UNDER THE TWO STOCK STRUCTURE HYPOTHESES 

Under the 1-stock hypothesis, it is assumed sei whales can 
move between and within all of the sub-areas (Table 1; Fig. 1). 

Under the 5-stock hypothesis, not all putative stocks move 
between all sub-areas (Table 2; Fig. 2). Thus, a ‘0’ in Table 
2 indicates which sub-areas it is assumed that particular stock 
does not utilise (Table 2). The coloured arrows in Fig. 2 
indicate the sub-areas that the stocks in Table 2 move within 
and between. 
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One of pieces of data needed in the in-depth assessment of 
the North Pacific sei whale is, for each stock structure 
hypothesis, a ‘mixing matrix’. A mixing matrix is a 
representation of how the animals move between the sub-
areas (defined in Appendix 2). The assessment model will 
model the various types of input data (catches, 
marking/recoveries, and abundance estimates) to estimate 
the magnitude of movement that is supported by the data. 

Fig. 5. Lines (black lines) for dividing data into sub-areas for the in-depth assessment of North Pacific sei whales.  
Red words indicate name of the sub-areas. Numbers indicate locations of the lines. 

Fig. 1. Schematic representing the mixing matrix for the 1-stock structure hypothesis. Each box represents a sub-area and the arrows  
represent movements between two sub-areas or within a sub-area. 



Sightings and effort by Japanese scouting and research 
vessels in the North Pacific in summer, summarised by 10° 
square were taken from the following sources: 

• seasons 1965-79: Published by Wada in Rep. int. Whal. 
Commn (1975-81). 

• seasons 1980-96: Progress Reports Japan published in 
Rep. int. Whal. Commn (1982-98)  

• seasons 1997-99: Progress Reports Japan, unpublished SC 
documents 

• seasons 2000-05: Progress Reports Japan, published on-
line (http://iwc.int/scprogress) 

• seasons 2006-15: Supplied by T. Miyashita (by e-mail 24 
July 2017). 

The sightings of sei whales (animals) and effort (nm of 
track) are summarised in Table 1. All sightings of sei whales 
were in series M, N and P (30°-60°N) except for 42 whales 
in series L (20°-30°N) but the latter were in the early years 
(up to 1975) and may have been Bryde’s whales. There were 
no sightings on the Okhotsk Sea (OS) or Sea of Japan (JS). 
This analysis used sei whale sightings and effort in series M, 
N and P in the North Pacific and Bering Sea, making a total 
of 7,301 sei whales for 1,167,517nm of track.  
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Fig. 2. Schematic representing the mixing matrix for the 5-stock structure hypothesis. Each box represents a sub-area and the arrows represent  
movements between two sub-areas or within a sub-area. Different coloured arrows represents different stocks as defined in Table 2. 

Appendix 4 

ANALYSIS OF NORTH PACIFIC SEI WHALE SUMMER DENSITY 1965-2015 FROM JAPANESE SCOUTING 
AND RESEARCH VESSEL SIGHTINGS 

J.G. Cooke 
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Fig. 1. Distribution of survey effort (nm of track) and sei whale sightings (animals counted) by 10° square by period. The areas of the green circles are 
proportional to survey effort. The areas of the red circles are proportional to sei whale counts. 



The nominal stock areas are defined in IWC (2018). Each 
10° square was assigned to the nominal stock area with the 
largest area of overlap with that square (Table 2). The 
distribution of effort and sightings by period is summarised 
visually in Figs 1a-j.  

The years of data were divided into 10 five-year periods, 
except that the last period (2010-15) was six years. The fitted 
model was log-linear with number of sei whale sightings as 
a negative binomial NB(p,k) dependent variable with 
constant k and with the offset log(Effort) where Effort is 
measured in nm of track. The models fitted with their AIC 
are listed in Table 3. All terms except the intercept were 
included as random effects. Further terms did not improve 
the fit. The best-fitting model was model D.  

The Abundance Index for each square in a period is the 
fitted encounter rate for that square multiplied by the area of 
that square. The Abundance Index represents a relative index 
of sei whale abundance scaled to a nominal track half-width 
of 1nm. The calculated Abundance Indices are given in Table 
4 by period, summed by nominal stock area and in total. The 
covariances (expressed as correlations) between Abundance 
Indices are given in Table 5. All period/sub-area combinations 
were used in the analysis, but only those period/sub-area 
combinations with more than 500nm of track were included 
in the results. 
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The surveys and abundance estimates considered for possible 
use in the North Pacific sei whale in-depth assessment are 
listed in Appendix 3 table 1 of last year’s IA report (IWC, 
2018). The estimates selected at this meeting for use in the 
assessment, with adjustments for the modified sub-area 
definitions, are listed in Table 1. The sub-area definitions are 
given in fig.5 of Appendix 2. 

Notes (see IWC, 2018 for supporting information) 
(1) There were no sei whale sightings in the Aleutians (Alt) 

sub-area on the IWC-POWER cruises during 2010-11 
and 2017. The western part of Alt (W. of 170°E) was 
surveyed in 2005 (Miyashita, 2006) without sei whale 
sightings and treated as making a zero contribution to the 
abundance in Alt.  

(2) The 2012 IWC-POWER cruise covered all the Mixed 
(Mix) sub-area and part of the Eastern North Pacific 
(ENP) sub-area. Sei whales were sighted in the ENP but 
not in Mix sub-areas. Canadian surveys in Mix (IWC 
2018) did not venture far enough offshore to encounter 
sei whales, hence the near absence of sei whale sightings 
was not informative. 

(3) The eastern and western parts of the Pelagic (Pel) sub-
area were surveyed by IWC-POWER and JARPN II over 
a similar range of years, hence the estimates are added 
together to yield a total estimate for Pel. The abundance 

in Pel south of 40°N in summer was negligible (IWC 
2018). 

(4) The two Western Coastal (WC) estimates are considered 
independent estimates pertaining to different years. The 
coastal part of JARPN II resulted in zero sei whale 
sightings.  

(5) The zero estimates are to be handled according to 
annotation 29 to the Revised Management Procedure 
(IWC, 2012, p.493, annotation 29): the required 
calculations will be performed intersessionally.  

(6) A suitable approach for handling minimum estimates will 
be developed intersessionally. 
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Appendix 5 

ABUNDANCE ESTIMATES FOR USE IN THE NORTH PACIFIC SEI WHALE IN-DEPTH ASSESSMENT 

Appendix 6 

REMAINING ISSUES TO RESOLVE WITH RESPECT TO THE SEI WHALE MARKING DATA SET 

J.G. Cooke 

The marking data set consists of 2,286 marks potentially 
placed in sei whales in the North Pacific, including 2,265 by 
Japanese programmes, 18 by US programmes and 3 
Canadian. 163 marks were recovered. Not all of these will 
have been effectively placed, and, especially for marks 
placed prior to 1962, there is some doubt about the species 
identification. Some marks placed in ‘sei’ whales were 
recovered in fin whales or Bryde’s whales, and some were 
recovered as ‘sei’ whales in operations whose catch reports 
did not distinguish between sei and Bryde’s whales.  

A high fraction of the marks placed were recorded  
as multiple markings of the same whale, with an average  

of 1.9 marks per whale. The placement verdict (e.g. 
hit/miss/possible hit) is not always recorded separately for 
each mark, and multiple marks were not always recovered 
together or in the same whale.  

The intersessional group will need to choose a consistent 
method for treating data from supposedly multiply marked 
whales, taking into account the pattern of recoveries from 
multiple markings (all or some recovered; recovered in same 
or different whales). It will also need to estimate the effective 
number of marks placed, taking into account the relative 
recovery rates for marks with different placement verdicts, 
and for multiple and singly-placed marks.  



The sub-area adopted at this meeting for the purpose of data 
division are specified in Appendix 2. The historic catches of 
sei whales contained in the IWC Catch Database (Allison, 
2017) were allocated to sub-areas and divided by sex. Some 
assumptions had to be made for catches that lacked exact 
positions or sex information. 

Among the coastal whaling catches for which there are 
individual position data, very few sei whales were taken in 
the Pelagic sub-area. Hence it is assumed that the coastal 
whaling sei catches without positions were taken in the 
coastal sub-area where the whaling station was located. 
Specifically, this was the Western Coastal sub-area for 
Japanese and Korean catches, the North Eastern Pacific 
Migratory sub-area for Canadian catches, and the Eastern 
Coastal sub-area for US catches. 

Catches taken by pelagic whalers in Mexican waters were 
assumed to be Bryde’s whales (Rice, 1974). 

The sei/Bryde’s whale split for Japanese coastal whaling 
summary data on catches followed Allison (2008). To obtain 
catch data by sex, it was also necessary to split the individual 
data by species. The individual data are divided by sex, but 

not always by species. From the 1940’s to the 1960’s, some 
of the ‘sei’ individual data include some Bryde’s whales, and 
some of the Bryde’s whale individual data includes sei whales. 
Almost all the mixed-species individual data are in the 
Western Coastal sub-area. For those years with individual data 
by species, the Bryde’s whales taken in the Western Coastal 
sub-area were 44% female (n=6,543) without much annual 
variation. This sex ratio was used to subtract presumed catches 
of Bryde’s whales by sex from the combined species catches 
by sex for those years where the individual data were not 
divided by species. A net total of 1,632 presumed Bryde’s 
whales were subtracted from the individual data (Table 1). 

The resulting sei whale catch series by sub-area, sex and 
year is shown in Table 1. 

REFERENCES 
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Appendix 7 

NORTH PACIFIC SEI WHALE CATCH SERIES 

J.G. Cooke 
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