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Executive Summary

The ICES/NAFO W orking Group on Harp and Hooded Seals (W GHARP) met during
2630 September 2016 Copenhagen, Denmark. The W G received presentations related
to catch and abundance estimates, and ongoing research of White Sea/Barents Sea,
Greenland Sea and Northwest Atlantic Ocean harp and hooded seal stocks. The WG
concluded their meeting on 30 September 2016. In attendance were scientists repre-
senting Canada (2), Greenland (1), Norway (3), UK (1), USA (1), and Russia (2), as well
as observers from NAMMCO (1) and Denmark (1) (Annex 1).

Reported catches for harp sealsin 2016 were 1442, 28, and 146 614 animals from the
Greenland Sea, White Sea, and NW Atlantic populations respectively. Total hooded
seal catcheswere 18 pups from the NE Atlantic and 1 856 animals from the NW Atlan-
tic population including Greenland harvests.

Current research on the Greenland Sea harp seal has focused on the animal welfare
aspectsof different killing methods. Data collection hasended and analyses are under-
way. Software-based seal detectionmethodology hasbeen developed. Evaluating the
seal detection scheme using a validation dataset, an accuracy of 99.7% was obtained.
False positives occur and therefore a semi-automatic approach was implemented,
where a human reader checks if detections correspond to actual seal pups, and can
modify the results if necessary.

No new survey information was available for any stock. For the Greenland Sea harp
seal population a population model estimates a 2017 abundance of 543 800 (95% CL
366 500719 400) 1+ animals and 106 500 (95% CI: 76 500136 400) pups. The total popu-
lation estimateis 650300 (95% Cl: 471 200829 300) seals. Using current catchlevels, the
model projects an increase in the 1+ population of 58% over the next 15 years. The
equilibrium catch level (which maintains constant populationsize)is 21 500 (100% 1+
animals). If pups are hunted, two pups balance one 1+animal. A catch of 26 000 animals
(100% 1+) will reduce the population, but with a 0.8 probability that the population
remains above N70 over a 15 year period. Catch estimates are lower than previous
advice dueto changesin fecundity rates used in the projection. Because future fecun-
dity rates arenotknown, anaverage of the fecundity rates observed over the past dec-
ade was used in the projections. This resulted in an average fecundity rate of 0.84,
which is lower than the rate observed in 2016 (F=0.91)

In the White Sea, poor ice conditions were observed in 2015 and 2016. There was no
suitable ice for pupping inside the White Sea, but seals with pups were observed on
theiceat theentrancetothe White Sea. Ice also accumulated in the southeastern Bar-
ents Sea. If poorice conditions are encountered in the White Sea during 2017, the south-
east Barents Sea will be searched to see if pupping also occurs in this area.

The model estimates of abundance for White Sea harp sealsin 2017 is 1 197 000 (95%
CI: 1 0428001 351 200) 1+ animals and 211 000 (185100 — 236 900) pups. Total estimate
is 1408 000(95% CI: 12516801 564 320). The last reproductive rates available are based
on data from 2006. The WG was concerned about using the last observed fecundity
rate of0.84 in future projections. Instead, an average of fecundity rates observed over
thelast 10years, was used in the projections (Frutwe = 0.76). The harp seal populationin
the Barents Sea/White Sea is considered data poor because of the time elapsed since
thelast series of reproductive samples w ere obtained. For this reason, the catch option
toreduce the population to N70w as notexamined for thisstock. Because the stock is
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Data Poor, this means that the Potential Biological Removal (PBR) approach for esti-
mating catch quotas should be considered. How ever, in simulations based on the pop-
ulation model, using this approach resulted in a projected population decline of 25%
over thenext15years. The WGconduded that the PBR catchlevel wasnot suitable for
providingadvice on future catch quotas and recommended that equilibrium catchlev-
els be used. The equilibrium catch level is 10 090 seals (100% 1+ animals). The model
indicates an increase of 12% for the 1+ population over 15 years with no catch.

For Northwest Atlantic harp seals a population model was used to examine changes
in the size of the population between 1952 and 2014, and then extrapolated into the
future to examine the effect of different harvest simulations on the modelled popula-
tion. The working group examined the level of catches necessary to reduce the harp
seal populationto 6.8 million or 5.4 million animals assuming catches consisted of 90%
Young of the Year (YOY) or 50% YOY, and occurred over different time periods (5,
10,and 15 years). Then, once the herd was reduced, the level of catch possible that
would maintaina 95% probability of remaining above the Limit Reference Level. The
impacts of the different catch options on the projected population were tested under
two scenarios. The first scenario (Model A) assumed that reproductive rates and
Greenland catches were similar to that seen over the past 10y ears. The second scenario,
referred to as Model B, assumed that both future reproductive rates and Greenland
catchesbehavein a density-dependent manner. The predicted changes in the popula-
tion trajectory were affected very strongly by the age composition of the harvest used
toreduce the population, the speed at which the reduction was achieved and on model
assumptions concerning density-dependence.

The results of the modelling exercise indicated that more animals would need to be
removed if the population reduction was to be achieved rapidly, or with a harvest
comprised primarily of YOY. Under Model A, once the target level was achieved, the
catch levels that would ensure a 95% probability of remaining above the Critical Ref-
erence Limit were much lower than the harvest levels allowable during the reduction
phase. Under Model B, the numbers of animals needed to be removed to achieve the
reductiontarget of 6.8 million animals, were similar tothe numbers of animals needed
toreduce the population to the samelevel, butunder Model A. How ever, with Model
B and a reduction target of 6.8 million animals, much higher harvests were allowed
over the 15 years following the reduction due to the increased reproductive rates and
reduced Greenland catch that were assumed. Under all scenarios, the uncertainty as-
sociated with estimates of population size increased considerably as time since the last
survey also increased. The objective of the exercise was to have a 95% likelihood of
remaining above the limit reference point (2.4 million) rather than to maintain the pop-
ulationat thereductiontargetlevel. As a result, in somescenarios, high catches could
betaken after the initial reduction. How ever, these would resultin a continued reduc-
tion in the population. If the management objective had been to maintain the popula-
tion at the reduction target level, the “post reduction” catches would have b een much
smaller.

These simulation results are very sensitive to model assumptions and should be con-
sidered for illustration only.

The summer (June-July) diet of Greenland Sea hooded seals was studied in the West
Ice in 2008 and 2010, based on analysis of gastrointestinal contents of 179 animals ob-
tained indedicated surveys. Polar cod dominated the diet. The im portance of the squid
Gonatus fabricii w as lower in this study compared with previoushooded seal studiesin
the area.
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The estimated 2017 abundance of Greenland Sea hooded seals was 66 860 1+ animals
(95% CI: 45 860-87860) and 13600 (9 25017 950) pups. The estimated total 2017 popu-
lationis 80460 (95% CI: 59 020101 900). All model runsindicate a population currently
well below the Limit Reference Level. Following the precautionary approach frame-
work developedby WGHARP, no catchesshould be taken from this population. Pre-
viously, ICES recommended that no harvest of Greenland Sea hooded seals should be
permitted, with the exception of catches for scientific purposes. Eighteen animals, in-
cluding 10 pups were taken for scientific purposes by Norway in 2016.
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Opening of the meeting

The ICES/NAFO W orking Group (WG) on Harp and Hooded Seals (WGHARP) met
during 2630 September, 2016 at ICES headquarters, in Copenhagen, Denmark. The WG
received presentations related to estimates of catch, abundance, biological parameters
and currentresearch of relevance to White Sea/Barents Sea, Greenland Sea and North-
west AtlanticOceanharp and hooded seal stocks. The W G provided catch options for
the West Ice/Greenland Sea harp and hooded seals and White Sea/Barents Sea harp
seals. The WG also discussed the implications of possible management objectives pro-
posed for the Northwest Atlantic harp seal population. In attendance were scientists
from Canada (2), Greenland (1), Norway (3), UK (1), USA (1) NAMMCO (1), Denmark
(1), and Russia (2), (Annex 1).
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3 Adoption of the agenda

Theagenda for the meeting, as shown in Annex 2, was adopted at the opening of the
meeting on 26 September 2016.
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Terms of reference

WGHARP - Group on Harp and Hooded Seals

The ICES/NAFO/NAMMCO Working Group on Harp and Hooded Seals
(WGHARP) chaired by Mike Hammill, Canada, will meet in ICES HQ, Copenhagen,
Denmark, 26-30 September, 2016 to:

Harp and hooded seals: Northeast Atlantic stocks:

a) Address the spedial request from Norway on the Management of
Harp and Hooded Seal stocks in the Northeast Atlantic by as-
sessing the status and harvest potential of the harp seal stocks in
the Greenland Sea and the White Sea/Barents Sea, and of the
hooded seal stock in the Greenland Sea. ICES should also assess
the impact on the harp seal stocks in the Greenland Sea and the
White Sea/Barents Sea of an annual harvest of:

i) current harvest levels;

ii) sustainable catches (defined as the fixed annual catches that
stabilizes the future 1 + population);

iii ) catchesthat would reduce the population over a 15-year period
in such amanner that it would remain above a level of 70% of
the maximum population size, determined from population
modelling, with 80% probability.

b ) Evaluatenew model developments and comparisons with the old
assessment model

Harp seals: Northwest Atlantic stock:

c) Explore the impact of proposed harvest strategies that would
maintain the North Atlantic harp seal population at a precaution-
ary level of a PA framework, using the Canadian levels as a case
study, and that would have a low risk of decreasing below the crit-
ical level.

Note - The terms of referenceregarding item b were not addressed at the meeting.
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5 Harp seals (Pagophilus groenlandicus)
5.1 Stock Identity

No new information
5.2 The Greenland Sea Stock

5.2.1 Information on recent catches and regulatory measures

Catches

Based on advice from WGHARP (ICES 2013) the2015-2016 TAC for harp sealsin the
Greenland Seawassetat21 270 1+animals (where 2 pups balanced one 1+animal), i.e.
the estimated removal level that would reduce the population by 30% to N70 over the
next 10 year period (see ICES 2013)(Annex8, Table 1). The total removals of Greenland
Sea harp seals in 19462016 are shown in Annex 7, Table 1. No Russian vessels have
hunted in this area since 1994. Total catches (performed by one vessel each year) of
harp seals were 2237 (including 2,144 pups) in 2015 and 1442 (including 426 pups) in
2016 (Annex 7, Table 1).

The group was informed, thatup to the 2014 season, Norwegianseal hunts were sub-
sidized by the Norwegian government. For the 2015 season these subsidies w ere com-
pletely removed. They were reinstated in 2016, however on a considerably lower scale
than in previous years.

5.2.2 Currentresearch

Sealing methods

A projectinduding collection of material to assess efficiency and animal welfare issues
in the Norwegian commercial sealhunt was started in 2013, continued in 2014 and field
efforts ended after the commercial harp seal hunt in the Greenland Sea in April/May
2015. Analyses of the collected material are in progress.

Identification of seals on digitalimagery

Pup production of harp and hooded seals are based primarily on photographic sur-
veys, which are time-consuming to analyse manually. Software-based detection meth-
odology using artificial intelligence (deep learning) has been developed as a
collaboration between the Norwegian Computing Centre and Institute of Marine Re-
search, Norway and Fisheries and Oceans, Canada. Deep learning has revolutionized
image analysis over the last four years in terms of its ability to extract content and
information fromimages. The developed deeplearning scheme is based ona deep con-
volutional neural network and initial tests of the proposed deep learning based seal
detectionscheme shows that seals can be detected witha veryhighaccuracy. By eval-
uating the proposed method on a validation dataset, an accuracy of 99.7% was ob-
tained. False positives occur and therefore a semi-automatic approach was
implemented, where a reader may evaluate the detected seal pups and modify the re-
sults if necessary.

A new method for estimating the pup production using a geospatial point process is
under development. If successful, thismay lead to improvementsin estimates of vari-
ance associated with the pup abundance surveys.
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5.2.3 Biological parameters

Mean age of maturity (MAM) was estimated at 6.15+0.6 years for a sample of 197
Greenland Sea harp seals collected early in the moulting periodin 2014 (Frie SEA246).
This estimate is not significantly different from the long term average of 5.6 years esti-
mated for the period 1964-1990, but is significantly different from the 2009 estimate (7.6
years). The ovary-based pregnancy rate for the 2014 sample was 0.91+0.02, which is
significantly higher than estimates for the period 1991-2009, but similar tovalues from
1964 and 1978. The estimated MAM for 2014 was only 0.5 years lower than the mean
age of primiparity (MAP) estimated for the same sample, due to near absence of first
time ovulators. Further comparisons of MAM and MAP for Greenland Sea harp seals
suggest that first time ovulators were poorly represented in samples from 1990, 1991
and 2009. The difference between MAM and MAP for these samples was close to 1year
implying an unrealistically high pregnancy rate of 100% for first time ovulators. In
comparison, the difference between MAM and MAP for samples collected in 1959-64,
1978,1987,1990was1.5years. The timing of sampling in 2009 and 2014 was similar to,
or slightly later than in 1978, suggesting that a seasonal delay of ovulation in young
females is not the main reason for the low occurrence of first time ovulators in the more
recent Greenland Sea samples. Mark-recapture analyses for the Greenland Sea (Qien
and Jritsland, 1995) have previously suggested temporal emigration of some cohorts
up to thetime of first pupping, which could explain the absence of the first time ovu-
lators in the 2014 Greenland Sea sample.

5.2.4 Populationassessment
Nonew survey informationis available. The next survey is planned for March 2018.

The current abundance of harp sealsin the Greenland Sea was estimated using a pop-
ulationdynamics model thatincorporateshistorical catchrecords, historical fecundity
rates, and age specificproportions of mature females. The model is fitted to independ-
ent estimates of pup production (Jigard and Haug SEA240).1t is a deterministic age-
structured population dynamics model with 3 unknown parameters (pup mortality,
mortality of 1 year and older seals, initial population size). This model is the same as
used previously by the WG to provide advice for this stock.

Model Input

Twotypesof reproductive data are used: information on the proportion of females that
are mature at a given age (i.e. maturity ogive) and the proportion of mature females
that are pregnant at a given year (i.e. fecundity rate). Historical data on the maturity
curve are sparse, consisting of only three curves (Table 1). One curveis from the period
19591990, oneis from 2009 and the last oneis from2014. For the periods with missing
data (19902009 and 2009-2014), a linear transition between the available maturity
curves is assumed. Figure 1 shows the maturity curves from Table 1, along with the
linear interpolation between the curves in years with missing data.
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Table 1. Estimates of proportions of mature females (pi«). The P: estimates are from the period 1950
-1990 (ICES, 2009), the P: estimates are from2009 (ICES, 2011) and the P; estimates are from 2014
(Frie, SEA246).

AGE 1 2 3 4 5 6 7 8 9 10 11 12 13
P1 0 0 0.06 029 055 074 086 093 096 098 099 1.00 1.00
P2 0 0 0 0 0.06 028 055 076 088 095 098 099 1.00
P3 0 0 0 0 033 071 089 096 099 099 1.00 1.00 1.00
o
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Figure 1. Proportion of mature females and the interpolated values for years without data among
Greenland Sea harp seals in three periods. Values are taken from Table 1.

The model useshistorical values of the fecundity rates F rates that are obtained through
sampling during the commercialhunt (Table 2). Data are available from a Russian long
term dataset (19591991) (Frieetal., 2003) as well as Norwegian data for 2008 and 2009
(ICES, 2011). A new pregnancy rate for 2014 was presented (Frie, SEA246). The long
term dataset on pregnancy rates relies on the assumption that pregnancy in the previ-
ous cycle can be estimated based on the presence/absence of a large luteinised Corpus
albicans (LCA) in the ovaries of females sampled in April-June (ICES, 2009). A similar
approach has previously been used for estimation of pregnancy rates of ringed seals
(Stirling, 2005). In periods where data are missing, a linear transition between estimates
was assumed. Figure 2 shows the available historical pregnancy rates and the interpo-
lated values for years withmissing data. As opposed tobeing part of the data to which
the model is fit by maximum likelihood, these rates are treated as fixed values (with
no variance) by the population dynamics model.
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Table 2. Estimates of proportion of Greenland Sea harp seal females giving birth. It is assumed that
the fecundity rate and pregnancy rate are the same. Data from (ICES, 2011) and (Frie, SEA246).

YEAR FECUNDITY RATE STANDARD DEVIATION
1964 0.92 0.04
1978 0.88 0.03
1987 0.78 0.03
1990 0.86 0.04
1991 0.83 0.05
2008 0.80 0.06
2009 0.81 0.03
2014 0.91 0.03
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Figure 2. Historical fecundity rates F of mature females Greenland Sea female harp seals and the
interpolated values for years with missing data. Values are taken from Table 2.

Pup productionestimates are available from mark-recapture estimates (1983-1991) and
aerial surveys conducted (20022012) (Table 3). Catch levels for the period 19462016
are listed in Appendix 7, Table 1).
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Table 3. Estimates of Greenland Sea harp seal pup production (ICES 2011, Jigard et al., 2010;
Qigard etal., 2014a; ICES 2013). The data from 19831991 are mark—-recapture estimates; those from
2002, 2007 and 2012 are from aerial surveys.

YEAR ESTIMATED NUMBER OF PUPS COEFFICIENT OF VARIATION.
1983 58539 0.104
1984 103250 0.147
1985 111084 0.199
1987 49970 0.076
1988 58 697 0.184
1989 110614 0.077
1990 55625 0.077
1991 67271 0.082
2002 98500 0.179
2007 110530 0.250
2012 89590 0.137

Population model

The population model used to assess the abundance for the Greenland Sea harp seal
populationis a deterministic age-structured population dynamics model (Jigard and
Haug SEA240).

For initiation of the model it is assumed that the population had a stable a ge structure
inyear yo=1945, i.e.

]vi,yo :Nyusi:l(l_sh), i=1,...,A-1, 1)
— A-1
NA,yo —Ny0s1+ )

Here A is the maximum age group containing seals aged A and higher, set to 20 years
(ICES, 2013),and N v, 18 the estimated initial population sizein the firstyear (yo. The

model is parameterized by the natural mortalities Mo and M- for the pups and seals 1
year and older seals, respectively. These mortalities determine the survival probabili-
ties so = exp(-Mo) and s1+ = exp(-Mu+).

The model has the following set of recursion equations:
Nl,y = (NO,y—l - Co,y—l)soa
Na,y = (Na—l,y—l - Ca—l,y—l)sl+7 a=2%A4-1 3)

NA,y = g(NA-l,y-l - CA-l,y-l) + (NA,y-l - CA,y-l)HSh'

Data arenot available to estimate age-specific mortality rates. Thereforeit is assumed
that the mortality rates are constant across ages within the 1+ group. The Cqy are the
age-specific catchnumbers, but catchrecords are available only as the number of pups
and number of 1+ seals caught. Toobtain C, y in (3) weassume that the age-distribu-

tion in the catch follows the estimated age distribution of the population (Skaug et al.,,
2007):

a,y 1+,y

N
Co =Gy @=1%a4 @)

1+,y
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where N,

o 4
- aA _1Na1y , with Naybeing thenumber of individualsat age a in year y.

V=

The modelled pup abundance is given by

F 4
NO,y = ? apa,yNa,y’ (5)

a=l
where N, /2 is thenumber of females at age ain year y, Fyis the fecundity rate and

pay are the age specific proportions of mature females in year y.

Assumingnormality for the pup production counts, their contribution to thelog-like-
lihood function is

1 (No,y - nO,y)2

~log(cvy, ) — = —L 2" ©)
Z‘ 079 AN

wherenoyand cvoy denotes the survey pup production count and corresponding coef-
ficient of variation (CV) for year y, respectively (Table 3).

Themodel calculatesa coefficient D,,, whichdescribes theincrease or decrease in the
1+ population trajectory over a 15-year period,
D - N1+,2032 (7)
1+ '

N, 1+,2017

The coefficient is used for finding the equilibrium catch levels. The equilibrium catch
level is defined as the constant catch level that results in the population size in 2032
being the same as in 2017, i.e. the catch level that gives D1+ =1.

The population dynamics model is a Bayesian type model as priors areimposed on the
parameters. A vaguenormal prioris assumed for theinitial population size N 5, and

a truncated normal prior for both the pup mortality Mo and the mortality for the 1+
group M-+ (Table 4).

The combined likelihood-contributions for these priors are

—%(b-m)TS‘l(b-m)—%ln|8|—gln(2p), ®)

whereb = (Noy, Mo, M1)Tis a vector containing the parameters estimated by the model,
T denotes the vector transpose, m is a vector containing the respective mean values of
thenormalpriors for the parametersin b, and X is a diagonal matrix with the variance
of therespective prior distributions on the diagonal. The mean of the prior for Mowas
set at three times the mean of Mi-.

All parameter estimates are found by minimizing the likelihood function using the sta-
tistical software ADModel Builder (Fournier et al., 2012). AD Model Builder calculates
standarderrors (SE) for themodel parameters, as well as the derived parameters such
as present populationsize and D. It uses a quasi-Newton optimization algorithm with
bounds on the parameters, and calculates estimates of standard errors of model pa-
rameter using the “delta-method” (Skauget al., 2007). The catch data enter the model
through Eq. (3), but donot contribute to the objective function. Handling of data and
visualizations were done in R (R Core Team, 2015).
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The estimated population sizesand parameters used in the model, along with the nor-
mal priors, used are presented in Table 4. The model trajectory indicates a substantial
increase in the population abundance from the 1970s to the present (Figure 3). The
model estimates are stable for various choices of initial values. Although the priors for
Mo, and M1+ arerelatively non-informative, increasing the mean of the prior to 0.3 and
0.1, respectively, caused a 0.1% change in the total population estimate. Due to the lim-
ited data available, mortality cannot be estimated independently and the model esti-
mates of Mo and M+ are highly correlated (-0.95).

Themodel estimates a 2017 abundance of 543 800 (95%CI: 366 500719 400) 1+ animals
and 106 500 (95%CI: 76 500136 400) pups. Total estimate is 650300 (95%CI: 471 200829
300) seals.

Table 4: Greenland Sea harp seals: Estimated and derived mean values and standard deviations of
the parameters used in the model. Priors used are shown in brackets. Nmaxis the historically largest
total population estimated by the model, N7 is 70% 0f Nimax, Niim i 30% 0Of Nmax, and Nmin is the
estimated population size using 20th percentile of the lognormal distribution.
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MODEL ESTIMATES

PARAMETERS MEAN SD

NOy 283600 (900 000) 25611 (900 000)
MO 0.27 (0.24) 0.19 (0.2)
M1+ 0.12 (0.08) 0.02  (0.1)
N 650 300 -
N, 455 210 -
N, 195 090 -
N 567 879 -

N sou7 106 500 15 305

Ny o 543 800 90 050

1
NToml,2017 650 300 91 338
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Figure 3. Greenland Sea harp seals: Modelled population trajectories for pups and total population
(full lines), 95% confidence intervals. Future projections are illustrated by confidence bands. N,
Nso, and Nim denote the 70%, 50% and 30% of the estimated maximum population size, respectively.
Observed pup production estimates and 95% confidence intervals are shown in blue.

Catch options

The most recent reproductive rates available are based on data from 2014 (Frie, SEA
246) and pup production estimates are based on data from 2012 (ICES, 2013), i.e. less
than 5 yearsold. Based on this, the WG considers the harp seal population in the Green-
land Sea as data richand catch advice canbe provided with the use of an appropriate
population model. Hammill and Stenson (2010) explored the impact of extrapolating
catches on our ability to monitor changes in the population given the precision and
frequency of pup production surveys. They found that catches should be projected
over a period of at least 15 yearsto determine theirimpact on the population. In 2013
the WG recommended that in future, theimpact of the various catch scenarios should
be explored over a 15 year period rather than 10 years used previously (ICES, 2013).
Theimpactof various catch scenarios are therefore explored over a 15y ear period. The
catch scenarios are:

1) Current catch level (average of the catches in the period 2012 —2016).
2) Equilibrium catches.

3) Catchesthat would reduce the populationto N7 with probability 0.8 over a
15-year period.
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Currentcatchlevel is defined as the average catch level of thelast 5 years, i.e. the av-
erage catch level of the period 2012-2016. For pups there has been zero catch in this
period, and for the 1+ group 9 seals. The equilibrium catchlevelis defined as the (fixed)
annual catch level that stabilizes the future 1+ populationunder the estimated model.
The proportion of pups in catchused was 0% and 80.4%. Option 3 is the highest harvest
level that wouldensure with 80% probability that the populationsize does not fall be-
low N7 over a 15 year period.

The WG was concerned about the uncertainty in the pregnancy rates and felt that using
thelast observed fecundity rate in the projections was not appropriate given observed
historical variation. They considered that it was more appropriate to use an average of
the fecundity rates observed over the past decade in projections of the population size.
This is consistent with the practice used for other harp seal stocks. The fecundity rate
used for projections was Fruture = 0.84.

The estimates for the various catch options are given in Table 5. Using current catch
levels the model projects anincrease in the 1+ population of 58 % over the next 15years.
The equilibrium catchlevelis 21 500 (100% 1+ animals). If pups are hunted, two pups
balance one 1+animal. A catchlevel of 26 000 animals (100% 1+) will reduce the popu-
lation to N7o with an 0.8 probability that the populationremains above this level over
a 15 year period.

Table 5. Catch options with relative 1+ population size (D) in 15-years (2032) for harp seals in the
Greenland Sea.

PROPORTION PuP 1+ TOTAL
CATCH OPTION PUPS IN CATCH CATCH CATCH
CATCHES D1+ (95% ClI)
Current level 80.4% 5992 1465 7 456 1.58 (1.30-1.86)
Equilibrium 0% 0 21500 21500 1.00 (0.61-1.40)
Reduce to N70a) 0% 0 26 000 26 000 0.85 (0.40-1.29)

? Catches that would reduce the population to 70% of current level with 0.8 probability over 15 years.

The available data on fecundity are limited. The population model does not consider
the uncertainty in the estimated fecundity rates. Instead it treats the available data on
fecundity and age specific maturity as known quantities. Therefore the confidence in-
tervals around model projections are underestimated. The WG recommends that the
model should be modified to account for the uncertainties of these reproductive data.

The White Sea and Barents Sea Stock

5.3.1 Information on recent catches and regulatory measures

Due to a sharp decline in pup production observed after 2003, ICES (2013, 2014) rec-
ommended that removals be restricted to the estimated sustainable equilibrium level
whichwas 17,400 and 19,200 1+ animals (where 2 pupsbalanced one 1+animal) in 2015
and 2016, respectively. The Joint Norwegian-Russian Fisheries Commission has fol-
lowed this request of which 7,000 seals of this TAC was allocated to Norway and the
remaining quota allocated to Russiain both years (Annex8, Table2). Aban on all pup
catchesprevented Russianhunting in the White Sea during the period 20092014. This
ban was removed before the 2015 season. How ever, the availability ofice was too re-
stricted to permit sealing, resulting in no commercial Russian harp seal catchesin the
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White Seain 2015 (Annex 7, Table 2). This was also the casein 2016. Also,no Norwe-
gian vesselshunted in the southeastern Barents Sea (the East Ice)in 2015 and 2016.In
September 2016, 28 harp seals (1+ animals) w ere taken for scientific purposesnorth of
Svalbard - presumably from the White Sea/Barents Sea population (Appendix 7, Table
2;).

5.3.2 Currentresearch

Ice conditions and possible influence on harp seal pupping

Information on ice conditions in the White Sea and southeastern part of the adjacent
Barents Sea area w as obtained from satellite imagery, ice-charts and ship captains dur-
ing January-April 2015 and 2016 toexamine possible impacts of ice conditions on harp
seal pupping.

In 2015, the remote sensingdata showed extensiveice cover, throughout the White Sea
and in the adjacent southeastern part of the Barents Sea during February. Ice conditions
considered optimum for harp seal pupping were present at this time. During March
theice had largely disappeared from the main ‘basin’ of the White Sea. Heavier ice
remained in the entrance to the White Sea and in southeastern part of the Barents Sea
(Fig 4), but warm temperatures and warm southerly winds contributed to ice destruc-
tion and by mid-March there was very little ice remaining in the White Sea, with ice
cover being restricted along the coast at the entrance tothe White Seaandin the south-
easternBarents Sea. A large patch of whelping animals was seen ineach of theseareas.
Pup mortality was considered to be relatively high.
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Figure 4. Map showing ice cover in the White Sea and southeastern Barents Sea on3 March 2015.
Ice map is from the Norwegian Meteorological Institute, Troms© Norway.

In 2016, suitableice conditions in the White Sea w ere observed in January, but the ice
deteriorated rapidly and by March suitable ice for harp seal pupping was only ob-
served along the coastat theentrance to the White Sea andin the eastern Barents Sea.
Totalice cover waslower than in 2015, but more suitable ice for pupping appeared to
be present. Consequently, mortality was considered tobe lower in 2016 compared to
2015.

W orking papers on the age of maturity and pregnancy rates of harp sealsin the White
Sea and estimates of abundance using cohort and stock production models were made
available to the working group but were not discussed in detail because the authors
wereunableto be present (Shafikov SEA244 ; Korzhev and Zabavnikov SEA242).

5.3.3 Biological parameters

For the Barents/White Sea stock an even more pronounced underrepresentation of first
time ovulators was observed. Estimates of MAM and MAP were virtually identical for
all available samples from the early 1960sto2006. The implications of this depend on
the underlying reason for the small numbers of first time ovulators in the samples. If
themain reason was a seasonal delay in timing of first ovulation, MAM will be over-
estimated, butestimates of MAP would bereliable. If the main reason w as spatio-tem-
poral segregation of reproductive classes, MAP may be underestimated due to
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underrepresentation of nulliparous females. More information on the seasonal distri-
bution of first time ovulators is needed to understand why they arenot being seen in
the sample collections.

The WG noted thatbiologicalmaterial sufficient for establishing an ogive was last col-
lected in 2006, and that data for calculations of fertility rates have not been collected
from thisareasince 2011. The WG recommends that effortsbe made to obtain samples,
toevaluatereproductiverates for usein the population model and body condition in-
formation as well.

5.3.4 Populationassessment

No new survey information.

A new survey is planned for March 2017

Population Assessment

The population dynamics model has the same structure as thatused to model Green-
land Sea harp and hooded seals. It incorporates historical catch records, fecundity
rates, age specific proportions of mature females, and fits to estimates of pup produc-
tion to estimate the population trajectory.

Twotypes of reproductive data are used in the model: information on the proportion
of females that are mature at a given age (i.e. maturity ogive) and the proportion of
mature females that are pregnant ata given year (i.e. fecundity rate). Estimates of age
specific proportions of mature females are available for four historical periods; 1962-
1972, 19761985, 19881993, and 2006 (Table 6; Frie et al., 2003; ICES, 2009; ICES, 2013).
For years with no data a linear interpolation of the age specific proportions of mature
females between two periods is assumed (Figure 5; ICES, 2013).

Table 6. Estimates of proportions of mature Barents Sea / White Sea harp seal females (p) at ages
215 in four historical periods: P1=1962-1972P>=1976-1985; Ps;= 1988-1993; Ps= 2006;. Data from ICES
(2014).

AGE 2 3 4 5 6 7 8 9 10 11 12 13 14 15

P1 0.01 0.17 064 09 098 09 10 10 10 10 10 10 1.0

0
P2 0 0 0 024 062 081 08 09 09 09 09 10 1.0 1.0
P3 0 0 0.02 0.08 021 040 059 0.75 0.8 091 09 097 0.98 0.99

P4 0.001 002 005 011 025 05 09 099 10 10 10 10 1.0 1.0
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Figure 5: Proportion of mature females and the interpolated values for years without data among
Barents Sea / White Sea harp seals. Values are from Table 6.

Themodel also uses historical values of the fecundity rates that are obtained through
sampling during commercial hunt. Barents Sea / White Sea population fecundity data
areavailableasmeanestimatesin the period 19901993, and from 2006 and 2011 (Table
7;Kjellgqwistet al., 1995; ICES, 2008; FrieSEA246). The population dynamics model sets
fecundity withno variance. For periods where there are no pregnancy rate data, values
were interpolated assuming a linear transition from 0.84in 1990 to 0.68 in 2006, increas-
ing again to 0.84 from 2006 to 2011. Prior to 1990 a constant pregnancy rate was as-
sumed and set at0.84. After 2011, the WG was concerned about the uncertainty in the
pregnancy ratesand felt that using thelast observed fecundity ratein the pr ojections
was not appropriate given observed historical variation. They considered that it was
more appropriate to use an average of the observed fecundity rates in the projections.

Table 7. Estimates of proportion of Barents Sea/ White Sea harp seal females giving birth. Data
from ICES (2011) and Frie (SEA246)
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YEAR FECUNDITY RATE STANDARD DEVIATION
19901993 0.84 0.05

2006 0.68 0.06

2011 0.84 0.10

Pup productionestimates are available from surveys conducted in 19982013 (Table 8)
(ICES 2011;2014). The catch records comes from commercial hunt and distinguish be-
tween thenumber of pups (0-group) and thenumbers of 1+ animals caught per year,
but contain no additional information about the age composition of the catches. The
modelling period begins in 1946, because catch data prior to then are unreliable
(Iversen, 1927; Rasmussen, 1957; Sergeant, 1991).
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Table 8. Timing of Russiansurveys, estimated numbers of pups and coefficients of variation (CV)
for harp seals in the Barents Sea/ White Sea. Numbers and CV's are drawn from ICES (2011) and
ICES (2014). All unspecified surveys were flown using multispectral sensing systems

ESTIMATED NUMBER COEFFICIENT OF
YEAR SURVEY PERIOD OF PUPS VARIATION

1998 12 & 16 March 286,260 0.150
2000 1012 March - photo 322,474a 0.098

18 March - 339,710b 0.105
2002 20 March 330,000 0.103
2003 18 & 21 March 328,000c 0.181
2004 22 March - photo 231,811 0.190

22 March- 234,000 0.205
2005 23 March 122,658 0.162
2008 1920 March 123,104 0.199
2009 1416 March 157,000 0.108
2010 2023 March 163,022 0.198
2013 1521 March 128,786 0.237

First 2000 estimates represented the sum of 291,745 pups (SE =28,708) counted plus a catch 30,729 prior to
the survey for a total pup production of 322,474.

Second 2000 estimate represents the sum of 308,981pups (SE = 32,400) counted plus a catch of 30,729 prior
to the survey for a total pup production of 339,710.

2003 estimate represents the sum of 298,000 pups (SE = 53,000) counted, plus a catch of 35,000 prior to the
survey for a total pup production of 328,000.

The estimated population sizes, and priors used are presented in Table 9. Figure 6
show s themodel fit to the observed pup production estimates and the modelled total
population trajectory. The fit to the early pup production estimates is poor, and the
model does not capture the dynamics of the survey pup production estimates. The
model indicates thatharp seal abundance in the Barents Sea/White Sea declined from
1946 to the early 1960s, increased from the early 1960s toearly 1980s, but then declined
again untilaround 2007. The model suggests an increase in population size since 2007.

The model estimates are stable for various choices in priors. Although the priors for
Mo, and M1+ arerelatively non-informative, increasing the mean of the prior to 0.3 and
0.1, respectively, caused a 0.1% change in the total population estimate. Due to the im-
ited data available, mortality cannot be estimated independently and the model esti-
mates of Mo and M+ are highly correlated (-0.95).

Because the fecundity ratesare fixed valuesin the model, there is no uncertainty asso-
ciated with this parameter, meaning that the uncertainty of the modelled abundance is
underestimated.

The 2017 model estimates of abundance is 1 197 000 (95% CI: 1 042 8001 351 200) 1+
animalsand211000(95%CI: 185 100236 900) pups. Total estimate is 1 408 000 (95% CL
1251 6801 564 320).
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Table 9: Barents Sea/ White Sea harp seals: Estimated and derived mean values and standard de-
viations of the parameters usedin the model. Priors used are shown in brackets. Nmax is the histor-
ically largest total population estimated by the model, N is 70% 0f Nmax, Niim is 30% 0of Nmax, and
Niin is the estimated population size using 20th percentile of the lognormal distribution.

MODEL ESTIMATES

PARAMETERS MEAN SD
Ny0 1701500 (1000 000) 141450 (2 000 000)
MO 0.27 (0.27) 0.05  (0.05)
M1+ 0.13  (0.09) 0.006  (0.05)
N, 2115 300 -
N 1480 710 -
N, 634 590 -
N_. 1332826 -
Nosorr 211 000 13 200
Ny so10 1197 000 78 650

N 1408 000 79 750
Total 2017
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Figure 6: Barents Sea/ White Sea harp seals: Modelled population trajectories for pups and adults
(full lines), 95% confidence intervals. Future projections are illustrated by confidence bands. N,
Nso, and N denote the 70%,50% and 30% of the historical maximum population size, respectively.
Observed pup production estimates and 95% confidence intervals are shown in blue.

Catch options
The various catch scenarios requested are:

1) Current catch level (average of the catches in the period 2012 - 2016).
2) Equilibrium catch level.

3) Catchesthatwould reduce the populationto N7 with probability 0.8 over a
15-years period.

Currentcatchlevel is defined as the average catch level of thelast 5 years, i.e. the av-
erage catch level of the period 20122016. For pups there has been zero catch in this
period, and for the 1+ group9 seals were caughtin 2012 and none for the other years.
Because of this we have set the current catch level tobe zero for both the pups and the
1+ group. The equilibrium catch level is defined as the (fixed) annual catch level that
stabilizes the future 1+ population under the estimated model over a period of 15years.
It was assumed that no pups were taken in the catch

Thelast reproductive ratesavailable are based on data from 2006 (ICES, 2011), i.e. more
than 5 years old. The WG was concerned about using thelast observed fecundity rate
of 0.84 in future projections. An average of the most recent observed fecundity rates,
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i.e. observed fecundity ratesthelast10years, wasused for the population projections.
The averaged fecundity rate used for future projections was Fruture = 0.76.

Theharpseal populationin the Barents Sea/ White Seais considered data poor because
of the time elapsed since the last series of reproductive samples were obtained. As a
result the catch option3 (Catches that would reduce the population to N70 with prob-
ability 0.8 over a 15-years period) was not examined.

Since the populations is classified as data poor and is above a critical limit (Nim) the
Potential Biological Removal (PBR) approach for estimating catch quotas should be
considered in addition to the requested catch options.

The PBR has been defined as:

PBR = 1RmaxF;‘]vain
2

where Rmxis the maximum rate of increase for the population, Fris the recovery factor
with values between 0.1 and 1, and Nmin is the estimated population size using 20th
percentile of the lognormal distribution. Rmaxis set ata default of 0.12 for pinnipeds.

Given thestillunexplained dropin pup production first observed in 2004 and that the
pup production since then seems to remainlow, we used a recovery factor Frof 0.5 as
in the previous assessment. The PBR catch option assumes that the age structure of the
removals is proportional to the age composition of the population, i.e. 14% pups in
catch. A catch consisting of a larger proportion of pups would be more conservative,
but a multiplier to convert age 1+ animals to pups is inappropriate for the PBR.

Setting future harvestsat the PBR level resulted in a 33%reduction of the 1+ population
over the next 15 years. Since the model indicates a decline of the population using a
PBR catch level with a recovery of Fr= 0.5, we also used a smaller recovery rate of Fr=
0.25. The model indicated a reduction of 10% of the 1+ population over the next 15
yearsusing this PBR catchlevel. The precision of the 2017 model estimate is fairly high
witha CV of 0.07. The WGfeels that the uncertainty of the population dynamics model
isunderestimated and a CV 0f0.07 is too low . Because of this, the resulting PBR catch
level is likely to be overestimated. Increasing the CV when calculating the PBR catch
level, i.e. increasing the uncertainty about the model estimate of the 2017 abundance,
will lower the PBR catch quota. How ever, using FR=0.5, and an N min, that assumed a
substantial increase of the CV t0 0.30 still resulted in a PBR that caused the estimated
1+ population to decrease by 25% over the next 15 years. The WG concluded that the
PBR catch level was not suitable for providing advice of future catch quotas and rec-
ommended that equilibrium catch levels be used.

Theestimates for the various catch options are givenin Table 10. The model indicates
an increase of 12% for the 1+ population over 15 years withno catch. Equilibrium catch
level is 10 090 seals (100% 1+ animals). If pups are hunted two pups balance one 1+
animal.
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Table 10. Catch options with relative 1+ population size (D) in15-years (2032) for harp seals in the
Barents Sea / White Sea.

PROPORTION PUP 1+ TOTAL CHANGE OF THE 1+
CATCH OPTION PUPS IN CATCH CATCH CATCH POPULATION OVER 15 YEARS
CATCHES (95% CI)
Current level 0% 0 0 0 1.12 0.99-1.25
Equilibrium 0% 0 10 090 10 090 1.00 (0.87-1.13)
PBR, Fr=0.50 14% 5598 34 387 39985 0.67 (0.52-0.81)
PBR, Fr=0.25 14% 2799 17 193 19 992 0.90 (0.76-1.03)
PBR, Fr=0.50,CV= 14% 4619 28 371 32990 0.75 (0.61-0.87)

0.3

In this assessment, the equilibrium catch, is muchlower than that estimated in the pre-
vious assessment. This is because of the lower pregnancy ratesassumed in the projec-
tions and this highlights the need for new samples.

Furthermore, uncertainty in the reproductive data needs to be incorporated into the
assessment model.

The Northwest Atlantic Stock
5.4.1 Information on recent catches and regulatory measures

Canada

Between 2003 and 2010 the harp seal quotain Canadaranges from 270 000 to 330 000.
In 2011 the quota was raised to 400 000. Since then it has been ‘rolled over” annually
(Annex 8, Table 3). The TAC includes allocations for aboriginal harvesters (currently 6
840), development of new products (20 000) and personal use (2 000). Thereis no spe-
cific allocation or quotas for catches in Arctic Canada.

Following a peak catch of 365 971 harpsealsin 2004, catches have declined significantly
(Annex 7, Table 4). Despite the high quotas, catches have remained below 80 000 since
2009. In 2015, catches dropped to a low of 35 304 (8.8% of the TAC) due primarily to
the lack of markets. Although still low, catches increased to approximately 66 865
(16.7% of the TAC) in 2016. Catches in the Canadian Arcticare not known but are
thought to be small (<1000).

The vast majority of harp seals taken in the Canadian commercial hunt are young of
theyear, accounting for >98% of the catch during the past decade. How ever, in 2016, a
small meat hunt for adult seals occurred during late February and early March. The
actual age structure of the hunt in 2016 will not be available until Statistics Branch
completes their examination of the purchase slips. For this reason the age is listed as
unknown. The age structure of the 2015 catches may also change once this check is
completed.

Greenland

Greenland catchesof harp sealshavebeen reported up to 2014. Catches over thepast
decade have varied from 59 769 in 2012 to 95 954 in 2006 with an average catch on
78749 (Annex 7 Table 5). The reported catch for 2013and 2014 was81 196 and 63 059,
respectively. Along the west coast where the majority of seals were caught, the %
adults reported varied between % and 1/3 of the catch.
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Themost recent catch reports differ slightly from previous reports. How ever, the rea-
sons for these changes arenot clear. Therefore, tables presented hereinclude the pre-
vious reported catches for the period up to 2011. They will be updated if necessary
once the reason for any changes are clarified (Annex 7, Table 6).

Total reported catches for Canada and Greenland are summarized in Annex 7, Table
3.In Annex 7, Table 7 presents estimated total removals including bycatch in Canadian
and US fisheries, and estimates of struck and lost (Stenson and Rosing- Asvid SEA 245).
It also assumes that Canadian catches in 2016 were all young of the year.

5.4.2 Currentresearch

Femaleharp seal attendance to their pups, and nursing patterns, under varying envi-
ronmental conditions were examined at the Front whel ping patch to determine if these
patterns change in response to changing weather conditions (Perry et al., 2016). The
behaviour of 158 harpsealfemales and pups was recorded every three minutes during
daylighthours; air and water temperature, and windspeed wererecorded at the begin-
ning of each observation session. GAMMmodels were used to examine the importance
of time and environmental conditions in predicting attendance and nursing patterns.
Thebest model for predicting attendance included time of day, air temperature, wind-
speed, and theinteractionbetween wind and air temperature. The best model for pre-
dicting nursingincluded windspeed, air temperature, and time of day. Females were
more likely to attend their pups during the afternoon when solar radiation appeared
to be high, but reduced attendance during high winds and/or low temperatures. The
likelihood of attending females nursing during these poor weather conditions was
greater than when conditions were better. Thus, females wereless likely to be present
when weather conditions were poor but when present, they were more likely to be
provisioning their pups. Thisstrategy may help these females defray the thermoregu-
latory demands on their limited resources while ensuring that their young attain
weights that arelikely to increase post-weaning survival and hence maternal fitness.

5.4.3 Biological Parameters

The long term monitoring of late-term pregnancy rates, fecundity and abortion rates
of Northwest Atlantic harp seals has continued with annual samples being collected
off the coast of New foundland and Labrador.

Stenson et al. (2016) described a study of late term pregnancy and abortion rates in
Northwest Atlantic harp seals based upon samples collected off the coast of New-
foundland, Canada. Since the 1950s, pregnancy rateshave declined while interannual
variability has increased. Using a beta regression model to explore the importance of
biological and environmental conditions, they found that while the general decline in
fecundityisa reflection of density-dependent processes associated with increased pop-
ulationsize, induding thelate term abortionrates captured much of the large interan-
nual variability. Change in the abortion rate is best described by a model that
incorporatesice coverin late January and capelin, a major prey of harp seals, biomass
obtained from the previous fall. A previous study has shown that capelin abundance
is correlated with ice conditions suggesting that late January ice conditions could be
considered a proxy for environmental conditions that influence a number of prey spe-
cies.

Preliminary data on the condition of harpseals collected off the coast of southern Lab-
rador and NE Newfoundland between 1979 and 2012 presented to the WG indicates
that there appears to be a positive correlation between annual average condition and
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annual pregnancy rates. There appears to be a negative, nonlinear, relationship be-
tween annual average condition and annual abortionrates. There also appears tobe a
strong correlation between mean winter (December — February) blubber thickness and
annual pregnancy rates.

5.4.4 Population Assessment

No new information on current abundance was presented. However, the importance
of the assumption used to describe the density-dependent relationship in the NWA
harp seal model was illustrated as part of the advice to Canada (see below).

A new pup production survey is planned for March 2017.
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Hooded seals (Cystophora cristata)
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6.1

The Greenland Sea Stock

6.1.1 Information on recent catches and regulatory measures

Concernsoverlow pup production estimates resulted in arecommendation from ICES
that noharvest of Greenland Sea hooded seals should be permitted, with the exception
of catches for scientific purposes (ICES, 2008) (Annex 8, Table 1). This advice wasim-
mediately implemented (Annex 8, Table 1). The total removals of Greenland Sea
hooded seals in 1946-2016 are shown in Annex 6, Table 1. Total catches for scientific
purposes(all taken by Norway, Russiansealers did not operate in the Greenland Sea)
in 2014 were 11 (whereof 5 pups) in 2015 and 18 (whereof 10 pups) in 2016.

6.1.2 Currentresearch

Diet

Hooded seals areimportant predatorsin driftice areas of the Greenland Sea (the West
Ice) during spring and summer. Their summer (June-July) diet was studied in the West
Ice in 2008 and 2010, based on analysis of gastrointestinal contents of 179 animals ob-
tained in dedicated surveys (Enoksen et al., in press). Polar cod dominated the diet. The
importance of the squid Gonatus fabricii w as lower in thisstudy compared with previ-
ous hooded seal studiesin the area, and krillonly occurred sparsely. In addition to the
hooded seals, samples of 20 harp seal digestive tracts and 70 harp seal faeces were also
obtained during the 2010 survey. The diet composition of the harp seals was domi-
nated by amphipods (primarily Themisto sp.) and deviated significantly from the
hooded seal diet, implying that the degree of food competition was relative low. The
occurrence of polar cod, Themisto sp.and krill in the diets of the tw o seal species coin-
cides well with the geographicaland vertical distribution of these three prey items and
the previously recorded dive depths of the seals. The presence of demersal fish suchas
sculpins and snailfish in the diet of some hooded seals was morelikely a result of in-
creased availability rather than changes in prey preference, as these seals were col-
lected above shallower waters.

Morphometric data

Morphometric parameters of female hooded seals collected in the Greenland Sea (GS)
19582010 were compared to female Northwest Atlantic (NWA)hooded seals from the
period 195676. Reproductive dataavailable for a subset of the NWA dataset have pre-
viously been shown to exhibit the highest reproductive rates recorded for hooded
seals, whilereproductive rates for the GS hooded seals have been low during this pe-
riod of dramatic declinein populationsize. One of the central findings of the study is
that length-at-age of parous females was consistently lower in GS females compared
tothe NW Ahoodedseals. Length-at-age of GShooded seals furthermore declined sig-
nificantly in the late 1970s and remained low up to the late 1990s. The most recent
sample from 2008-10 showed a return to the 1958 level. A similar pattern of decline and
subsequentincrease occurred for average length of primiparous females (ALPP). ALPP
for the period 1958-75and2008-10 was not different from value for the NWA samples,
but a significant dropin ALPPwasobserved during the period 1980-1999. The dropin
length-at-age and ALPP inthelate 1970s occurred after signs of marked boomand bust
dynamics of fisheries for potentialhooded seal prey specieslike redfish and Greenland
halibut. Conversely the later increase in length-at-age and ALPP in the 200810 occurred
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after a documented recovery of redfish and Greenland halibut in the Norwegian Sea
area and around Svalbard. These two specieshave, however, notbeen documented in
diet studies of GS hooded seals, which have focused on the diet in the packice areas,
dominatedby higharctic specieslike polar cod (Boreogadus saida) and the squid Gonatus
fabricii. The geographical distribution of these high Arctic species has likely declined
during the warm period after 2000, but the density of prey available to the hooded
seals close to the pack ice could have increased.

6.1.3 Biological parameters

No new information

6.1.4 Populationassessments

No new surveys have been completed

The same population model used for the Greenland Sea harp seal population is used
in this assessment of the Greenland Sea hooded seal population.

Maturity curves were constructed based on female reproductive material collected
over the period 199094 and 200810 (Table 11, ICES 2011).

Table 11. Estimates of proportions of mature females (p;+). The P1 estimates are from ICES (2008)
and the P2 estimates are from ICES (2011). Mature females had at least one CL or CA inthe ovaries.

AGE 1 2 3 4 5 6 7 8 9 10 11

P1 0 0.05 0.27 0.54 0.75 0.87 093 097 098 0.99 1.00

P2 0 0 0.06 0.60 0.89 097 099 1.00 1.00 1.00 1.00

The record of historical fecundity rateis sparse, but the observed fecundity rates are
allaround 0.7 (ICES, 2013). A fixed fecundity rate of F = 0.7 was used for all years when
modelling the Greenland Sea hooded seal population.

Pup production estimates are available from aerial surveys conducted in 1997, 2005,
2007, and 2012 (Table 12, ICES, 2011, Salberg et al., 2008, Jigard et al., 2014). Catch
levels for the period 1946 — 2016 are presented in Annex 6, Table 1.

Table 12. Estimates of Greenland Seahooded seal pup production, based on data fromICES (2011),
Salberg et al., 2008 and Qigard et al., 2014.

YEAR ESTIMATED NUMBER OF PUPS COEFFICIENT OF VARIATION.
1997 23762 0.192
2005 15 250 0.228
2007 16 140 0.133
2012 13 655 0.138

The estimated population, along with the parameters for the normal priors used are
presented in Table 13. The mean of the prior for MO was set tobe three times the mean
of M1+.

The population trajectory is shown in Figure 7. The model indicates a substantial de-
crease in abundance from the late 1940s and up to the early 1980s. In the most recent
two decades, the population appears to have stabilized at a low level.
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A 2017 abundance of 66 860 1+ animals (95% CI: 45 86087 860) and 13 600 (95% CL: 9
25017950) pupsis obtained. The estimated total2017 population of hooded seals in the
Greenland Seais 80 460 (95% CI: 59 020101 900). For comparison the total estimated

population of hooded seals on the Greenland Sea was 82 830 seals in 2013 and 85 790
in 2011 (ICES, 2011; 2013).

Table 13: Greenland Sea hooded seals: Estimated mean values and standard deviations of the pa-
rameters used in the model. Priors used are shown in brackets. Numaxis the historically largest total
population, N70 is 70% 0f Numax, Niim is 30% 0f Nimax, and N is the estimated population size using
20th percentile of the lognormal distribution.

PARAMETERS MEAN SD
NOy 1 086 890 394 940
MO 0.34 0.02
M1+ 0.17 0.05
N 1302 800 -
Ny, 911 960 -
N, 390 840 -
N.. 75 241 -
13 600 2218
N0,2017
10 714
N1+,2017 66 860 0
80 460 10 941
NTatal,2017

Catch options

All model runs indicate a population currently well below Nlim (30% of largest ob-
served populationsize). Following the precautionary approach framework developed
by WGHARP (ICES2005), no catches should be taken from this population.
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Figure 7: Greenland Sea hooded seals: Modelled population trajectories for adults (a) and pups (b)
(mean=solidline, 95% confidence intervals= shaded area). Projections are illustrated by confidence
bands. N7, Nso, and Niim denote the 70%, 50% and 30% of the historical maximum population size,
respectively. Observed pup production estimates and 95% confidence intervals are shown in blue.
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6.2

The Northwest Atlantic Stock

6.2.1 Information on recent catches and regulatory measures

Under the Canadian AtlanticSeal Management Strategy (Hammill and Stenson 2007),
Northwest Atlantichooded seals are considered tobe data poor. Under this approach,
TACs are set using PBR. Prior to 2007, the TAC for hooded seals was set at 10 000
(Annex 8, Table 4). As a result of new data on the status of the population (Hammill
and Stenson2006) the quota was reduced to 8 200 in 2007 where it has remained. The
killing of young of the year hooded seals (bluebacks) is prohibited in Canada.

Canadian catches of hooded seals (1+ only) have remained extremely low in recent
years (Annex 6, Table 2). Catches have remained less than 50 since 2005 with most
yearsbeinglessthan10. Reported catchesin 2015and 2016 were 1 and 13 respectively.

Greenland catches of hooded seals since 2009 have beenbetween 1 00 and 2 100, which
is much lower than catches prior to 2005 which were generally between 5 0007 000
animals (Annex 6, Table 3). A total of 1 520 hooded seals were reported taken in 2013
while 1 846 were reported caught in 2014. With the exception of 1 seal taken in 2014,
all of these animals were considered to be from the Northwest Atlantic hooded seal
population.

6.2.2 Current Research

The WG noted that the collection of small numbers of hooded seals has continued in
Canada. When analysed, these samples may provide some new data on diets, condi-
tion and reproductive rates. However, sample sizes are small.

6.2.3 Population Assessments

Nonew information. Canada is exploring the possibility of obtaining a minimum pup
production from photos obtained during the 2012 harp seal survey.
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Advice Requests

7.1

7.2

Request for advice submitted to ICES by Norway

In October, 2015, Norway requested management advice on the status of harp and
hooded seal stocksin the Greenland Sea and the harp seal stock in the White Sea/Bar-
ents Sea.

ICES was asked toassesstheimpact on theharp seal stocks in the Greenland Sea and
in the White Sea/Barents Sea of an annual harvest of:

1) current harvest levels,

2) sustainable catches (defined as the fixed annual catches that stabilizes the
future 1 + population)

3) catches that would reduce the population over a 15-years period in such a
manner that it would remain above a level of 70% of the maximum popula-
tion size, determined from population modelling, with 80% probability.

The advice on status and impacts of different harvest options are provided in previous
sections of this report. Section 4.2.5 provides advice on Greenland sea harps, section
4.3.4 on White sea harps and section 5.1.4 on Greenland sea hooded seals.

Request for advice submitted to NAFO by Canada

In 2014 Canadarequested that W GHARP explore the impact of proposed harvest strat-
egies that would maintain the Northwest Atlantic harp seal population at a precau-
tionary level ofa PA framework and that would have a low risk of decreasing below
the critical level. Specifically, the WG was asked to:

1) Identify the catches necessary toreduce the NWA harp seal population to
5.4M animals assuming;:

a) Catchesconsisting of 90% Young of the Year (YOY) or 50% YOY
b ) Reductions over periods of 5,10, and 15 years

2) Identify the catches necessary to reduce the population to 6.8M assuming;:
a) Catches consisting of 90% YOY or 50% YOY
b ) Reduction over periods of 5,10, and 15 years

3) Identify sustainable future catches possible at each of these reduced popu-
lations, assuming there is a 95% probability of remaining above the Limit
Reference Point (defined as 2.4 million).

This request was consideredat the 2014 meeting butit wasnot completedat that time.
It was agreed that the advice would be provided at the 2016 meeting.

To examine theimpacts of the different population reduction scenarios, Hammill et al.
(SEA243) projected the 2014 NWA harp seal population model into the future, using
as a starting point, the estimates of 2014 population size, pup production, natural mor-
tality (M), and carrying capacity (K).

Assumptions associated with future reproductive rates and levels of the Greenland
catch arenecessary. Therefore, theimpacts of the different Canadian catch options on
the projected population under two major scenarios that represent a continuation of
the current state (Model A) and an alternate model that respondsto theimpactofre-
movals by assuming density-dependent compensation, i.e. decreased catches and in-
creased reproductive rates when populations are reduced (Model B). In Model A, it
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was assumed that future reproductive rates, and Greenland catches were based upon
the observed rates from the past 10 years (Table 14). In Model B, both future reproduc-
tive rates and Greenland catches behaved in a density-dependent manner, i.e. as the
populationdeclines, Greenland catches decline and pregnancy ratesincrease to an as-
ymptotic value, whereas when the population increases, Greenland catches increase to
an asymptotic value and reproductive rates decline.

In both scenarios, it is assumed that the age structure and mortality from bycatch and
the Canadian Arctic harvest remain constant at2013 levels and that the proportion of
seals struck and loss, for the different harvests remain unchanged.

Table 14. Comparison of model assumptions

MODEL A MODEL B
Greenland catches Fixed at average overpast10  Catches vary with population
years size whenless than 7.1 million
harp seals
Ice related mortality Selected randomly froma Same
vector ofrecently observed
rates
Pregnancy rates Selected fromavector of Density -dependent— decreases
recently observed rates as population approaches
carry capacity
Proportion pregnant varied to
accountfor changesinfood
supply (based uponrecent
observations)
Mortality rates of YOY Density-dependent—increases Same
as population approaches
carry capacity

Once the target population level was achieved, the model was further projected for-
wardto determine thelevel of catchesthat will respect the management plan (i.e. 95%
likelihood of populationremaining above the Limit Reference Level) for an additional
15 years whichensures that catches are sustainable while they propagate through the
populationage structure. Therefore, the total length of the projection varied with each
reduction scenario (i.e. total of 20,25 and 30 years). How ever, since the management
objective changed following the reduction, the mean estimated population did not nec-
essarily remain at the target level.

The predicted changes in the population trajectory were affected very strongly by the
age composition of the harvest used to reduce the population, the speed with which
the reduction was achieved and whether the scenario used a population whose dy-
namics were assumed tobe similar to what has been seen in the past 10 years (Model
A) or assumed to vary in a density-dependent manner (Model B).
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Model A Scenario

A largenumber of animals wouldneed tobe removed if the population reduction was
tobeachievedrapidly, or witha harvest comprised primarily of YOY (Table 15). For a
population whose future dynamics are described by current conditions (Model A), up
to 610,000 animals would need to be removed if the population was to be reduced to
6.8 millionwithin5 years. Fewer animals need to be removed annually if the removals
werespreadover alonger time period, or ifanimals aged 1+ years comprised a larger
proportion of the harvest (Table 15). It was not possible to achieve a target population
of 5.4 million seals within 5 years (Table 15) if YOY comprised 90% or more of the
harvest.

Oncethetargetlevel was achieved, the catchlevelsthat would ensure a 95% probabil-
ity of remaining above the Limit Reference Level were much lower than the harvest
levels allowable during the reduction phase (Table 15).

Largeremovals wereneeded to reduce the population within5 years, particularly ifa
large proportion of YOY were takenin the harvest. These removalshad a longer term
impacton the population than those that were spread over alonger time period, orhad
alarger proportion of older seals. In the 5 year scenario to reduce the population to 6.8
million animals, the population continued to decline during the subsequent monitor-
ing period, although there was still a 95% probability of the population remaining
above the Limit Reference Level.

Model B

The estimated number of removalsneeded toreduce the population to 6.8 million was
similar under the two modelling scenarios. Higher harvests were estimated over the
following 15 years, while still ensuring that the population had a 95% probability of
remaining above the reference limit point, under the assumptions of Model B, (i.e. den-
sity-dependent responses). This is because of the compensation assumed in reproduc-
tive rates and catches.

The catch levels needed to reduce the population to 5.4 million were much higher un-
der the assumptions of Model B (i.e. density-dependence), compared to the assump-
tions used inModel A (Table 16). However, asin Model A, harvestshad tobe reduced
considerably once the target wasreached to allow the population to remain above the
Limit Reference Level (Table 16).

Once the target population level was reached, the continuing catches that had a 95%
likelihood that the population remained above the Limit Reference Level were esti-
mated. The management objective did not require the population to remain at the tar-
get level andin some scenarios the population continued to decline. As a result, catches
may havetobereduced further following the 15 year simulation period as the popu-
lation was predicted to decline during the post reduction period.
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Table 15. Annual removals (000’s) needed to reduce the population from current levels to 6.8 or5.4
million within a period of 5,10 or 15 years. Catches were assumed to comprise 90%, or 50% young
of the year (YOY). Continuing annual removals (000’s) represent the total removals allowed that
would maintain a 95% likelihood that the population would remain above the Limit Reference
Level (Nx) for15 years. Simulations examined removal impacts assuming future reproductive rates
and Greenland harvests were similar to those seen over the past decade (Model A).

SCENARIO 90%YOY 50%Y0Y
REDUCTION CONTINUING REDUCTION CONTINUING

6.8 M

5Y 610 350 270 190
10Y 450 250 220 150
15Y 400 230 190 100
54 M

5Y * 480 90
10Y 670 100 320 40
15Y 540 40 260 20

* indicates target impossible to achieve in time frame and age composition

Table 16. Annual removals (000’s) needed to reduce the population from current levels to 6.8 or54
million within a period of 5, 10 or 15 years, assuming future reproductive rates and Greenland
harvest follow a density-dependent manner (Model B). Catches were assumed to comprise 90%, or
50% young of the year (YOY). Annual continuing removals (000’s) represent the total removals al-
lowed that would maintain a 95% likelihood that the population would remain above the Limit
Reference Level (Nso) for 15 years.

FIXED 90%YOY 50%YO0Y
REDUCTION CONTINUING REDUCTION CONTINUING

6.8 M

5Y 560 560 250 280
10Y 420 500 200 260
15Y 370 500 180 270
54 M

5Y * 560 250
10Y 860 400 400 200
15Y 770 300 350 170

* indicates target impossible to achieve in time frame and age composition

Under all scenarios, the uncertainty associated with estimates of population size in-
creased considerably as time since the last survey also increased.

Themanagement objective for thisexercise wastohave a 95%]likelihood of remaining
abovethe Limit Reference Level (2.4 million) rather than to maintain the population at
the reduction target level. As a result, in some scenarios, high catches could be taken
after the initial reduction. How ever, these would result in a continued decline in the
population. If the management objective had been to maintain the population at the
reductiontargetlevel, the postreduction’ catches would have been much smaller. For
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example, in the scenario where the population is reduced to 6.8 million over 5 years
and the assumptions used for Model B, the catches that would maintain the population
would be ~390,000 (vs 560,000)

These simulation results are very sensitive to model assumptions and should b e con-
sidered for illustration only. For example, we assumed that the density-dependent re-
lationship could be described using a theta=2.4. Using the same level of harvest but
assuming a density-dependent relationship using a theta=1 results in a much lower
catch to maintain the population at the same level (Fig 8).
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Fig 8. Comparison of catchlevels that would result in a constant population after the reduction has
occurred, under the assumption that the density-dependent relationship can be described using
Theta =1 (top) or Theta = 2.4 (bottom). Scenario assumes that the population is reduced to 6.8 mil-
lion within 5 years.

The impact of these scenarios on the Greenland hunt will depend upon the assump-
tions used. Under Model A, it isassumed that the hunt remains the same asit currently
is, evenifthe total abundanceis reduced. Under Model B, the availability of animalsis
themain force driving harvestlevelsin Greenland and catches decline as the popula-
tion is reduced. Under this scenario, there would appear tobelittleimpact on number
of animalsavailable to Greenland hunters if the herd wasreduced to 6.8 million. How-
ever,areductionin theherd to 5.4 million animals could resultin a 25% reduction in
availability of animals to Greenland hunters. Clearly, the age composition of the catch
(90% or 50% YOY) and rate of the reduction would have an impact on the number of
YOY available to Greenland hunters during the reduction period. How ever, while the
proportion of YOY in the population was slightly higher if density-dependence was
assumed, both scenarios resulted in estimates of YOY that were similar to that seen in
the past, once the initial reduction is completed.

The WG emphasizes that these simulationresultsare very sensitive to model assump-
tions and should be considered for illustration only. It alsonotes that these scenarios
do not include the potential impacts of an unusual mortality event.
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Furthermore, the estimated carrying capacity is based upon historical conditions that
may no longer apply. This willimpact our assumptions about density-dependent com-
pensation in reproductive rates (particularly for the 6.8 million scenario).

The twomodelsrepresent two unlikely situations, one assumes reproductive rates and
catches do not respond to changes in total population while the other assumes full
compensation inreproductive rates and catches as the population declines. Based upon
historical changesin reproductive rates, we expect that some density-dependent com-
pensationwilloccur, but recent environmental changes suggest that full compensation
may not result.

Other business

If necessary, the WG will work by correspondence during 2017. The next meeting is
proposed for September 2018 in Greenland or Norway.
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8 Adoption of the report

The WG adopted the report on 21 November 2014, at the close of the meeting.
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Annex 2: Agenda

Monday, 26 September 2016
10:00pm to noon

e Introductory Comments
e Discussion of Terms of References

e Varia

Noon to 1:30 pm lunch
1:30pm to 5:00pm — Harp Seals: Harp Seals: Greenland Sea Stock

e Biological parameters
e Population model new developments
e Current harvests

e Catch options

5:00pm Break for Day

Tuesday, 27 September 2016

9:00 am tonoon — Harp Seals: Harp Seals: Greenland Sea Stock
e Continue Monday discussions on population model

Noon to 1:00pm — Lunch

1:00pm to 5:00pm - White Sea and Barents Sea Stock

e Biological parameters
e New estimates

e Population assessment ()

5:00pm Break for Day

Wednesday, 28 September 2016
9:00am tonoon -- Harp Seals: Northwest Atlantic Stock
e Biological parameters
e Population assessment
e Population Model development
e Population modelling development and simulation scenarios
e Impacts on Greenland harvest
Noon to 1:00pm - lunch
1:00pm to 3:00pm --
e Discussion of way forward?
3:30pm to 4:30pm —Hooded seals NE Atlantic
e Biology,
e Catches

e New research
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4:30pm Break for Day

Thursday, 29 September 2016
9:00am to 10:00am-Hooded seals NW Atlantic

e biology
e Catches

e New research
10:00 to noon

e Writereport
Noon to 1:00pm — Lunch
1:00pm to 3:00pm —

e Writereport
3:30pm — 4:30

e Review report

4:30 Break for Day

Friday, 30 September 2016
9:00 am to noon

e Review/complete report
e Next meeting

e Other business

12:00 end meeting

ICES WGHARP REPORT 2016
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Annex 3: WGHARP terms of reference for the next meeting

The Working Group on Harp and Hooded Seals (WGHARP) (Chair: Mike Hammill)
proposed to meet in Greenland or Norway in late September 2018 to:

e Review results of new surveys as available for harp seals in the White Sea
and southeastern portion of Barents Sea
e Review resultsfrom thebiological samples obtained from the harp seals

e Provide advice on other issues as requested

WGHARP will report September 2018 for the attention of the ACOM.
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Annex 4: Recommendations

RECOMMENDATION ACTION BY RECIPIENT

The WG recommends thatefforts be made to 2017 Norway/Russia
obtain samples, to evaluate reproductive

rates for White Seaharp seals, particularly in

years when an aerial survey is completed.

These are required for use in the population

model.

The WG recommends that efforts be made to 2018 Norway/Russia
incorporate bycatch and age composition

information fromthe ‘seal invasionyears’ in

the mid to late 1980sbe incorporated into the

White Seaharp seal model as additional catch

data.

The WG recommends thatnew aerial surveys March2017/2018 Russia/Norway/Canada
be conducted to estimate pup productionof

harp seals in the White Sea\ Barents Sea and

NW Atlantic in 2017 and Greenland Seain

2018

The WG recommends that during all aerial Continuing Canada/Norway/Russia
surveys, staging surveys also be conducted o

determine the correction for pups not

available to be photographed when the aerial

survey is flown. This should be done forall

populations ofharp and hooded seals.

The WG recommends thatsatellite telemetry 2017 Norway/Russia
tagging studies be undertaken of the White
Sea\Barents Sea harp seal population

The WG recommends that uncertainties in 2018 Norway
reproductive rates be incorporated into the

Greenland and White Seaharp seal

population models

The WG recommended thatif possible the 2018 Norway
Greenland Sea and White Seaharp seal mark-

recapture data be re-examined and updated
with new information if available.

The WG recommended that the Greenland 2018 Norway
Seaassessment takes into account catches

from east Greenland

The WG recommends that all new data on 2018 Canada/Norway

hooded seals be examined to increase
understanding of currentstatus of these
populations
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Annex 6: Catches of hooded seals including catches taken according
to scientific permits

Table 1. Catches of hooded seals in the Greenland Sea (“WestIce”) from 1946 through2016. T otals
include catches for scientific purposes.

NORWEGIAN CATCHES

RUSSIAN CATCHES

TOTAL CATCHES

PUPS 1 YEAR TOTAL PUPS 1 YEAR TOTAL PUPS 1 YEAR TOTAL
AND AND AND
YEAR OLDER OLDER OLDER
1946— 31152 10257 41409 - - - 31152 10257 41409
50
1951- 37207 17222 54429 - - b 37207 17222 54429
55
1956- 26738 9601 36339 825 1063 1888b 27563 10664 38227
60
1961- 27793 14074 41867 2143 2794 4937 29936 16868 46804
65
1966— 21495 9769 31264 160 62 222 21655 9831 31486
70
1971 19572 10678 30250 - - - 19572 10678 30250
1972 16052 4164 20216 - - - 16052 4164 20216
1973 22455 3994 26449 - - - 22455 3994 26449
1974 16595 9800 26395 - - - 16595 9800 26395
1975 18273 7683 25956 632 607 1239 18905 8290 27195
1976 4632 2271 6903 199 194 393 4831 2465 7296
1977 11626 3744 15370 2572 891 3463 14198 4635 18833
1978 13899 2144 16043 2457 536 2993 16356 2680 19036
1979 16147 4115 20262 2064 1219 3283 18211 5334 23545
1980 8375 1393 9768 1066 399 1465 9441 1792 11233
1981 10569 1169 11738 167 169 336 10736 1338 12074
1982 11069 2382 13451 1524 862 2386 12593 3244 15837
1983 0 86 86 419 107 526 419 193 612
1984 99 483 582 - - - 99 483 582
1985 254 84 338 1632 149 1781 1886 233 2119
1986 2738 161 2899 1072 799 1871 3810 960 4770
1987 6221 1573 7794 2890 953 3843 9111 2526 11637
1988 4873 1276 6149c 2162 876 3038 7035 2152 9187
1989 34 147 181 - - - 34 147 181
1990 26 397 423 0 813 813 26 1210 1236
1991 0 352 352 458 1732 2190 458 2084 2542
1992 0 755 755 500 7538 8038 500 8293 8793
1993 0 384 384 - - - 0 384 384
1994 0 492 492 23 4229 4252 23 4721 4744
1995 368 565 933 - - - 368 565 933
1996 575 236 811 - - - 575 236 811
1997 2765 169 2934 - - - 2765 169 2934
1998 5597 754 6351 - - - 5597 754 6351
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NORWEGIAN CATCHES RUSSIAN CATCHES TOTAL CATCHES
PUPS 1 YEAR TOTAL PUPS 1 YEAR TOTAL PUPS 1 YEAR TOTAL
AND AND AND
YEAR OLDER OLDER OLDER
1999 3525 921 4446 - - - 3525 921 4446
2000 1346 590 1936 - - - 1346 590 1936
2001 3129 691 3820 - - - 3129 691 3820
2002 6456 735 7191 - - - 6456 735 7191
2003 5206 89 5295 - - - 5206 89 5295
2004 4217 664 4881 - - - 4217 664 4881
2005 3633 193 3826 - - - 3633 193 3826
2006 3079 568 3647 - - - 3079 568 3647
2007 27 35 62 - - - 27 35 62
2008 9 35 44 - - - 9 35 44
2009 396 17 413 - - - 396 17 413
2010 14 164 178 - - - 14 164 178
2011 15 4 19 - - - 15 4 19
2012 15 6 21 - - - 15 6 21
2013 15 7 22 - - - 15 7 22
2014 24 0 24 0 0 0 24 0 24
2015 5 6 11 0 0 0 5 6 11
2016 10 8 18 0 0 0 10 8 18

a For the period 1946-1970 only 5-year averages are given.
b For 1955, 1956 and 1957 Soviet catches of harp and hooded seals reported at 3,900, 11,600 and 12,900,

respectively. These catches are not included.

¢ Including 1048 pups and 435 adults caught by one ship which was lost.
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Table 2. Canadian catches of hooded seals off Newfoundland and in the Gulf of St Lawrence, Can-
ada (“Gulf” and “Front”), 19462016a,b. Catches from 1995 onward includes catches under personal
use licences. YOY refers to Young of Year. Catches from19901996 were not assigned to age classes.
With the exception of 1996, all were assumed to be 1+.

LARGE VESSEL CATCHES

LANDSMEN CATCHES

TOTAL CATCHES

YEAR YOY 1+ UNK TOTAL YOY 1+ UNK TOTAL YOY 1+ UNK  TOTAL
1946- 4029 2221 O 6249 429 184 0 613 4458 2405 0 6863

50
1951- 3948 1373 0 5321 494 157 0 651 4442 1530 0 5972

55
1956- 3641 2634 0 6275 106 70 0 176 3747 2704 0 6451

60
1961- 2567 1756 0 4323 521 199 0 720 3088 1955 0 5043

65
1966- 7483 5220 O 12703 613 211 24 848 8096 5431 24 13551

70
1971-

75 6550 5247 0 11797 92 56 0 148 6642 5303 0 11945
1976 6065 5718 0 11783 475 127 0 602 6540 5845 0 12385
1977 7967 2922 0 10889 1003 201 0 1204 8970 3123 0 12093
1978 7730 2029 O 9759 236 509 0 745 7966 2538 0 10504
1979 11817 2876 0 14693 131 301 0 432 11948 3177 0 15125
1980 9712 1547 O 11259 1441 416 0 1857 11153 1963 0 13116
1981 7372 1897 0 9269 3289 1118 0 4407 10661 3015 0 13676
1982 4899 1987 0 6886 2858 649 0 3507 7757 2636 0 10393
1983 0 0 0 0 0 128 0 128 0 128 0 128
1984 206 187 0 393d 0 56 0 56 206 243 0 449
1985 215 220 0 435d 344 0 349 220 564 0 784
1986 0 0 0 0 21 12 0 33 21 12 0 33
1987 124 250 378 1197 280 0 1477 1321 284 250 1855
1988 0 0 0 0 828 80 0 908 828 80 0 908
1989 0 0 0 0 102 260 5 367 102 260 5 367
1990 41 53 0 94d 0 0 636e 636 41 53 636 730
1991 0 14 0 14d 0 0 6411e 6411 0 14 6411 6425
1992 35 60 0 95d 0 0 119e 119 35 60 119 214
1993 0 19 0 19d 0 0 19e 19 0 19 19 38
1994 19 53 0 72d 0 0 149e 149 19 53 149 221
1995 0 0 0 0 0 0 857e 857 0 0 857e 857
1996 0 0 0 0 0 0 25754e 25754 0 22847t 2907 25754
1997e 0 0 0 0 0 7058 0 7058 0 7058 0 7058
1998e 0 0 0 0 0 10148 0 10148 0 10148 0 10148
1999 0 0 0 0 0 201 0 201 0 201 0 201
2000e 2 2 0 4d 0 10 0 10 2 12 0 14
2001e 0 0 0 0 0 140 0 140 0 140 0 140
2002e 0 0 0 0 0 150 0 150 0 150 0 150
2003e 0 0 0 0 0 151 0 151 0 151 0 151
2004e 0 0 0 0 0 389 0 389 0 389 0 389
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2005e 0 0 0 0 0 20 0 20 0 20 0 20
2006e 0 0 0 0 0 40 0 40 0 40 0 40
2007e 0 0 0 0 0 17 0 17 0 17 0 17
2008e 0 0 0 0 0 5 0 5 0 5 0 5
2009 0 0 0 0 0 10 0 10 0 10 0 10
2010e 0 0 0 0 0 0 0 0 0 0 0 0
2011e 0 0 0 0 0 2 0 2 0 2 0 2
2012e 0 0 0 0 0 1 0 1 0 1 0 1
2013e 0 0 0 0 0 0 0 0 0 0 0 0
2014 0 0 0 0 0 7 0 7 0 7 0 7
2015 0 0 0 0 0 1 0 1 0 1 0 1
2016 0 0 0 0 0 13 0 13 0 13 0 13

a For the period 1946-1970 only 5-years averages are given.

b All values prior to 1990 are from NAFO except where noted; recent years are from Stenson (2009) and
DFO Statistics Branch.

¢ Landsmen values include catches by small vessels (< 150 gr tons) and aircraft.
d Large vessel catches represent research catches in Newfoundland and may differ from NAFO values.
e Statistics no longer split by age; commercial catches of bluebacks are not allowed

f Number of YOY based upon seizures of illegal catches
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Table 3. Catches of hooded seals in West and East Greenland 1954-20014.

WEST ATLANTIC POPULATION

YEAR WEST KGHB SOUTHEAST TOTAL NE ALL GREENLAND
1954 1097 - 201 1298 - 1298
1955 972 - 343 1315 1 1316
1956 593 - 261 854 3 857
1957 797 - 410 1207 2 1209
1958 846 - 361 1207 4 1211
1959 780 414 312 1506 8 1514
1960 965 - 327 1292 4 1296
1961 673 803 346 1822 2 1824
1962 545 988 324 1857 2 1859
1963 892 813 314 2019 2 2021
1964 2185 366 550 3101 2 3103
1965 1822 - 308 2130 2 2132
1966 1821 748 304 2873 - 2873
1967 1608 371 357 2336 1 2337
1968 1392 20 640 2052 1 2053
1969 1822 - 410 2232 1 2233
1970 1412 - 704 2116 9 2125
1971 1634 - 744 2378 - 2378
1972 2383 - 1825 4208 2 4210
1973 2654 - 673 3327 4 3331
1974 2801 - 1205 4006 13 4019
1975 3679 - 1027 4706 58a 4764
1976 4230 - 811 5041 22a 5063
1977 3751 - 2226 5977 32a 6009
1978 3635 - 2752 6387 17 6404
1979 3612 - 2289 5901 15 5916
1980 3779 - 2616 6395 21 6416
1981 3745 - 2424 6169 28a 6197
1982 4398 - 2035 6433 16a 6449
1983 4155 - 1321 5476 9a 5485
1984 3364 - 1328 4692 17 4709
1985 3188 - 3689 6877 6 6883
1986 2796a - 3050a 5846a -a 5846a
1987 2333a - 2472a 4805a 3a 4808a
1988-

92c¢

1993 4983 - 1967 6950 32 6982
1994 5060 - 3048 8108 34 8142
1995 4429 2702 7131 48 7179
1996 6066 - 3801 9867 24 9891
1997 5250 2175 7425 67 7492

1998 5051 1270 6321 14 6335
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WEST ATLANTIC POPULATION

YEAR WEST KGHB SOUTHEAST TOTAL NE ALL GREENLAND
1999 4852 - 2587 7439 16 7455
2000 3769 - 2046 5815 29 5844
2001 5010 - 1496 6506 8 6514
2002 3606 - 1189 4795 11 4806
2003 4351 - 1992 6343 10 6353
2004 4133 - 1690 5823 20 5843
2005 3092 - 1022 4114 14 4128
2006 4194 - 550 4744 3 4747
2007 2575 - 712 3287 7 3294
2008 2085 - 519 2604 2 2606
2009 1627 - 358 1982 1 1986
2010 1871 266 2137 7 2144
2011 1827 225 2052 9 2061
2012 1318 - 347 1665 6 1671
2013 1190 - 330 1520 0 1520
2014 1457 - 388 1845 1 1846

a Provisional figures: do not include estimates for non-reported catches as for the previous years.

b Royal Greenland Trade Department special vessel catch expeditions in the Denmark Strait 1959-68.
c For 1988 to 1992 catch statistics are not available.
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Annex 7: Catches of harp seals including catches taken according to
scientific permits

Table 1. Catches of harp seals in the Greenland Sea (“West Ice”) from 1946 through 2016a. Totals

include catches for scientific purposes. Catches are from Haug, and Zabavnikov (SEA238)

NORWEGIAN CATCHES

RUSSIAN CATCHES

TOTAL CATCHES

PUPS 1 YEAR TOTAL PUPS 1 YEAR TOTAL PUPS 1 YEAR TOTAL
AND AND AND
YEAR OLDER OLDER OLDER
1946— 26606 9464 36070 - - - 26606 9464 36070
50
1951- 30465 9125 39590 - - b 30465 9125 39590
55
1956—- 18887 6171 25058 1148 1217 2365b 20035 7388 27423
60
1961- 15477 3143 18620 2752 1898 4650 18229 5041 23270
65
1966— 16817 1641 18458 1 47 48 16818 1688 18506
70
1971 11149 0 11149 - - - 11149 0 11149
1972 15100 82 15182 - - - 15100 82 15182
1973 11858 0 11858 - - - 11858 0 11858
1974 14628 74 14702 - - - 14628 74 14702
1975 3742 1080 4822 239 0 239 3981 1080 5061
1976 7019 5249 12268 253 34 287 7272 5283 12555
1977 13305 1541 14846 2000 252 2252 15305 1793 17098
1978 14424 57 14481 2000 0 2000 16424 57 16481
1979 11947 889 12836 2424 0 2424 14371 889 15260
1980 2336 7647 9983 3000 539 3539 5336 8186 13522
1981 8932 2850 11782 3693 0 3693 12625 2850 15475
1982 6602 3090 9692 1961 243 2204 8563 3333 11896
1983 742 2576 3318 4263 0 4263 5005 2576 7581
1984 199 1779 1978 - - - 199 1779 1978
1985 532 25 557 3 6 9 535 31 566
1986 15 6 21 4490 250 4740 4505 256 4761
1987 7961 3483 11444 - 3300 3300 7961 6783 14744
1988 4493 5170 9663c 7000 500 7500 11493 5670 17163
1989 37 4392 4429 - - - 37 4392 4429
1990 26 5482 5508 0 784 784 26 6266 6292
1991 0 4867 4867 500 1328 1828 500 6195 6695
1992 0 7750 7750 590 1293 1883 590 9043 9633
1993 0 3520 3520 - - - 0 3520 3520
1994 0 8121 8121 0 72 72 0 8193 8193
1995 317 7889 8206 - - - 317 7889 8206
1996 5649 778 6427 - - - 5649 778 6427
1997 1962 199 2161 - - - 1962 199 2161
1998 1707 177 1884 - - - 1707 177 1884
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NORWEGIAN CATCHES

RUSSIAN CATCHES

TOTAL CATCHES

PUPS 1 YEAR TOTAL PUPS 1 YEAR TOTAL PUPS 1 YEAR TOTAL
AND AND AND

YEAR OLDER OLDER OLDER
1999 608 195 803 - - - 608 195 803
2000 6328 6015 12343 - - - 6328 6015 12343
2001 2267 725 2992 - - - 2267 725 2992
2002 1118 114 1232 - - - 1118 114 1232
2003 161 2116 2277 161 2116 2277
2004 8288 1607 9895 8288 1607 9895
2005 4680 2525 7205 4680 2525 7205
2006 2343 961 3304 2343 961 3304
2007 6188 1640 7828 6188 1640 7828
2008 744 519 1263 744 519 1263
2009 5177 2918 8035 - - - 5117 2918 8035
2010 2823 1855 4678 - - - 2823 1855 4678
2011 5361 4773 10134 - - - 5361 4773 10134
2012 3740 1853 5593 - - - 3740 1853 5593
2013 13911 2122 16033 - - - 13911 2122 16033
2014 9741 2245 11986 9741 2245 11986
2015 2144 93 2237 - - - 2144 93 2237
2016 426 1016 1442 - - - 426 1016 1442

a For the period 1946-1970 only 5-year averages are given.

b For 1955, 1956 and 1957 Soviet catches of harp and hooded seals reported at 3,900, 11,600 and 12,900,
respectively (Sov. Rep. 1975). These catches are not included.

¢ Including 1431 pups and one adult caught by a ship which was lost.
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Table 2. Catches of harp seals in the White and Barents Seas (“East Ice”),1946-2016a,b (Haug and

Zabavnikov SEA 238)

NORWEGIAN CATCHES

RUSSIAN CATCHES

TOTAL CATCHES

PUPS 1 YEAR TOTAL PUPS 1 YEAR TOTAL PUPS 1 YEAR TOTAL
AND AND AND
YEAR OLDER OLDER OLDER
1946—- 25057 90031 55285 145316 170373
50
1951- 19590 59190 65463 124653 144243
55
1956— 2278 14093 16371 58824 34605 93429 61102 48698 109800
60
1961- 2456 8311 10767 46293 22875 69168 48749 31186 79935
65
1966— 12783 21186 410 21596 34379
70
1971 7028 1596 8624 26666 1002 27668 33694 2598 36292
1972 4229 8209 12438 30635 500 31135 34864 8709 43573
1973 5657 6661 12318 29950 813 30763 35607 7474 43081
1974 2323 5054 7377 29006 500 29506 31329 5554 36883
1975 2255 8692 10947 29000 500 29500 31255 9192 40447
1976 6742 6375 13117 29050 498 29548 35792 6873 42665
1977 3429 2783 6212c 34007 1488 35495 37436 4271 41707
1978 1693 3109 4802 30548 994 31542 32341 4103 36344
1979 1326 12205 13531 34000 1000 35000 35326 13205 48531
1980 13894 1308 15202 34500 2000 36500 48394 3308 51702
1981 2304 15161 17465d 39700 3866 43566 42004 19027 61031
1982 6090 11366 17456 48504 10000 58504 54594 21366 75960
1983 431 17658 18089 54000 10000 64000 54431 27658 82089
1984 2091 6785 8876 58153 6942 65095 60244 13727 73971
1985 348 18659 19007 52000 9043 61043 52348 27702 80050
1986 12859 6158 19017 53000 8132 61132 65859 14290 80149
1987 12 18988 19000 42400 3397 45797 42412 22385 64797
1988 18 16580 16598 51990 2501le 54401 51918 19081 70999
1989 0 9413 9413 30989 2475 33464 30989 11888 42877
1990 0 9522 9522 30500 1957 32457 30500 11479 41979
1991 0 9500 9500 30500 1980 32480 30500 11480 41980
1992 0 5571 5571 28351 2739 31090 28351 8310 36661
1993 0 8758f 8758 31000 500 31500 31000 9258 40258
1994 0 9500 9500 30500 2000 32500 30500 11500 42000
1995 260 6582 6842 29144 500 29644 29404 7082 36486
1996 2910 6611 9521 31000 528 31528 33910 7139 41049
1997 15 5004 5019 31319 61 31380 31334 5065 36399
1998 18 814 832 13350 20 13370 13368 834 14202
1999 173 977 1150 34850 0 34850 35023 977 36000
2000 2253 4104 6357 38302 111 38413 40555 4215 44770
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NORWEGIAN CATCHES RUSSIAN CATCHES TOTAL CATCHES
PUPS 1 YEAR TOTAL PUPS 1 YEAR TOTAL PUPS 1 YEAR TOTAL
AND AND AND
YEAR OLDER OLDER OLDER
2001 330 4870 5200 39111 5 39116 39441 4875 44316
2002 411 1937 2348 34187 0 34187 34598 1937 36535
2003 2343 2955 5298 37936 0 37936 40279 2955 43234
2004 0 33 33 0 0 0 0 33 33
2005 1162 7035 8197 14258 19 14277 15488 9405 22474
2006 147 9939 10086 7005 102 7107 7152 10041 17193
2007 242 5911 6153 5276 200 5476 5518 6111 11629
2008 0 0 13331 0 13331 13331 0 13331
2009 0 0 0 0 0 0 0 0
2010 105 105 5 5 10 5 110 115
2011 0 200 200 0 0 0 0 200 200
2012 0- 0- 0- 0 9 9 0 9 9
2013 0 0 0 0 0
2014 0 0 0 0 0
2015 0 0 0 0 0 0 0 0 0
2016 0 28 28 0 0 0 0 28 28

2 For the period 1946-1970 only 5-year averages are given.

b Incidental catches of harp seals in fishing gear on Norwegian and Murmansk coasts are not included

(see T able 6).

¢ Approx. 1300 harp seals (unspecified age) caught by one ship lost are not included.

4 An additional 250-300 animals were shot but lost as they drifted into Soviet territorial waters.

¢ Russian catches of 1+ animals after 1987 selected by scientific sampling protocols.

fIncluded 717 seals caughtto the south of Spitsbergen, east of 140 E, by one ship which mainly operated
in the Greenland Sea.
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Table 3. Reported catches of harp seals in the Northwest Atlantic for 19522016. Estimated catches
are indicated by shading. The Greenland catches are made up of the Table 5 West Greenland
catches and 1/2 of the SE Greenland. The other half of the SE Gre enland and the NE Greenland are

assigned to the West Ice population (Stenson and Rosing-Asvid SEA245).

YEAR FRONT & GULF CANADIAN ARCTIC GREENLAND NW ATLANTIC TOTAL
1952 307,108 1,784 16,400 325,292
1953 272,886 1,784 16,400 291,070
1954 264,416 1,784 19,150 285,350
1955 333,369 1,784 15,534 350,687
1956 389,410 1,784 10,973 402,167
1957 245,480 1,784 12,884 260,148
1958 297,786 1,784 16,885 316,455
1959 320,134 1,784 8,928 330,846
1960 277,350 1,784 16,154 295,288
1961 187,866 1,784 11,996 201,646
1962 319,989 1,784 8,500 330,273
1963 342,042 1,784 10,111 353,937
1964 341,663 1,784 9,203 352,650
1965 234,253 1,784 9,289 245,326
1966 323,139 1,784 7,057 331,980
1967 334,356 1,784 4,242 340,382
1968 192,696 1,784 7,116 201,596
1969 288,812 1,784 6,438 297,034
1970 257,495 1,784 6,269 265,548
1971 230,966 1,784 5,572 238,322
1972 129,883 1,784 5,994 137,661
1973 123,832 1,784 9,212 134,828
1974 147,635 1,784 7,145 156,564
1975 174,363 1,784 6,752 182,899
1976 165,002 1,784 11,956 178,742
1977 155,143 1,784 12,866 169,793
1978 161,723 2,129 16,638 180,490
1979 160,541 3,620 17,545 181,706
1980 169,526 6,350 15,255 191,131
1981 202,169 4,672 22,974 229,815
1982 166,739 4,881 26,927 198,547
1983 57,889 4,881 24,785 87,555
1984 31,544 4,881 25,829 62,254
1985 19,035 4,881 20,785 44,701
1986 25,934 4,881 26,099 56,914
1987 46,796 4,881 37,859 89,536
1988 94,046 4,881 40,415 139,342
1989 65,304 4,881 42,971 113,156
1990 60,162 4,881 45,526 110,569
1991 52,588 4,881 48,082 105,551
1992 68,668 4,881 50,638 124,187




ICES WGHARP REPORT 2016 | 59

YEAR FRONT & GULF CANADIAN ARCTIC GREENLAND NW ATLANTIC TOTAL
1993 27,003 4,881 56,319 88,203
1994 61,379 4,881 59,684 125,944
1995 65,767 4,881 66,298 136,946
1996 242,906 4,881 73,947 321,734
1997 264,210 2,500a 68,816 335,526
1998 282,624 1,000a 81,272 364,896
1999 244,552 500a 93,117 338,169
2000 92,055 400a 98,458 190,914
2001 226,493 600a 85,428 312,521
2002 312,367 1,000 66,744 380,102
2003 289,512 1,000 66,149 356,661
2004 365,971 1,000 70,586 437,557
2005 323,826 1,000 91,696 422,525
2006 354,867 1,000 92,210 448,077
2007 224,745 1,000 82,836 308,581
2008 217,850 1,000 80,556 299,406
2009 76,668 1,000 72,142 149,810
2010 69,101 1,000 90,014 160,115
2011 40,389 1,000 74,013 115,402
2012 71,460 1,000 59,769 132,229
2013 90,703 1,000 81,196 169,700
2014 54,830 1,000 63,059 133,827
2015 35,304 1,000 78,749b 115,053
2016 66,865 1,000 78,749b 146,614
2Rounded

b Average of catches 2005-2014



60 | ICES WGHARP REPORT 2016

Table 4. Reported Canadian catches of Harp seals off Newfoundland and in the Gulf of St Lawrence, Canada (“Gulf” and “Front”), 1946—2016a,b. Catches from 1995 onward include
catches under the personal use licences. YOY = Young of Year, (Stenson and Rosing-Asvid SEA245).

LARGE VESSEL CATCH LANDSMEN CATCH TOTAL CATCHES
YEAR YOY 1+ UNK TOTAL YOY 1+ UNK TOTAL YOY 1+ UNK TOTAL
1946-50 108256 53763 0 162019 44724 11232 0 55956 152980 64995 0 217975
1951-55 184857 87576 0 272433 43542 10697 0 54239 228399 98273 0 326672
1956-50 175351 89617 0 264968 33227 7848 0 41075 208578 97466 0 306044
1961-65 171643 52776 0 224419 47450 13293 0 60743 219093 66069 0 285162
1966-70 194819 40444 0 235263 32524 11633 0 44157 227343 52077 0 279420
1971-75 106425 12778 0 119203 29813 12320 0 42133 136237 25098 0 161336
1976 93939 4576 0 98515 38146 28341 0 66487 132085 32917 0 165002
1977 92904 2048 0 94952 34078 26113 0 60191 126982 28161 0 155143
1978 63669 3523 0 67192 52521 42010 0 94531 116190 45533 0 161723
1979 96926 449 0 97375 35532 27634 0 63166 132458 28083 0 160541
1980 91577 1563 0 93140 40844 35542 0 76386 132421 37105 0 169526
1981d 89049 1211 0 90260 89345 22564 0 111909 178394 23775 0 202169
1982 100568 1655 0 102223 44706 19810 0 64516 145274 21465 0 166739
1983 9529 1021 0 10550 40529 6810 0 47339 50058 7831 0 57889
1984 95 549 0 644e 23827 7073 0 30900 23922 7622 0 31544
1985 0 1 0 le 13334 5700 0 19034 13334 5701 0 19035
1986 0 0 0 0 21888 4046 0 25934 21888 4046 0 25934
1987 2671 90 0 2761 33657 10356 22 44035 36350 10446 0 46796
1988 0 0 0 0 66972 13493 13581 94046 66972 27074 0 94046
1989 1 231 0 232e 56345 5691 3036 65072 56346 8958 0 65304
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LARGE VESSEL CATCH

LANDSMEN CATCH

TOTAL CATCHES

YEAR YOY 1+ UNK TOTAL YOY 1+ UNK TOTAL YOY 1+ UNK TOTAL
1990 48 74 0 122e 34354 23725 1961 60040 34402 25760 0 60162
1991 3 20 0 23e 42379 5746 4440 52565 42382 10206 0 52588
1992 99 846 0 945e 43767 21520 2436 67723 43866 24802 0 68668
1993 8 111 0 119e 16393 9714 777 26884 16401 10602 0 27003
1994 43 152 0 195e 25180 34939 1065 61184 25223 36156 0 61379
1995 21 355 0 376e 33615 31306 470 65391 34106 31661 0 65767
1996 3 186 0 189e 184853 57864 0 242717 184856 58050 0 242906
1997 6 0 6e 220476 43728 0 264204 220476 43734 0 264210
1998 547 0 554e 0 0 282070 282070 7 547 282070 282624
1999 26 25 0 5le 221001 6769 16782 244552 221027 6794 16782 244603
2000 16 450 0 466e 85035 6567 0 91602 85485 6583 0 92068
2001 0 0 0 0 214754 11739 0 226493 214754 11739 0 226493
2002 0 0 0 0 297764 14603 0 312367 297764 14603 0 312367
2003 0 0 0 0 280174 9338 0 289512 280174 9338 0 289512
2004 0 0 0 0 353553 12418 0 365971 353553 12418 0 365971
2005 0 0 0 0 319127 4699 0 323826 319127 4699 0 323826
2006 0 0 0 0 346426 8441 0 354867 346426 8441 0 354867
2007 0 0 0 0 221488 3257 0 224745 221488 3257 0 224745
2008 0 0 0 0 217565 285 0 217850 217565 285 0 217850
2009 0 0 0 0 76668 0 0 76668 76668 0 0 76668
2010 0 0 0 0 68654 447 0 69101 68654 447 0 69101
2011 0 0 0 0 40371 18 0 40371 40371 18 0 40371
2012 0 0 0 0 71319 141 0 71460 71319 141 0 71460
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LARGE VESSEL CATCH

LANDSMEN CATCH

TOTAL CATCHES

YEAR YOY 1+ UNK TOTAL YOY 1+ UNK TOTAL YOY 1+ UNK TOTAL
2013 0 0 0 0 90703 0 0 90703 90703 0 0 90703
2014 0 0 0 0 54829 1 54830 54829 1 0 54830
2015 0 0 0 0 35302 2 0 35304 35302 2 0 35304
2016 0 0 0 0 0 0 66865 66865 0 0 66865 66865

a For the period 1946-1975 only 5-years averages are given.

b All values prior to 1990 are from NAFO except where noted, recent data from Stenson (2009) and DFO Statistics Branch.
¢ Landsmen values include catches by small vessels (< 150 gr tons) and aircraft.

d NAFO values revised to include complete Quebec catch (Bowen, W.D. 1982)

e Large vessel catches represent research catches in Newfoundland and may differ from NAFO values
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Table 5. Catches of harp seals in Greenland, 1954-1987 (List-of-Game), and 1993-2014 (Piniarneg),
and % adults according to the hunters’ reports (Stenson and Rosing-Asvid SEA245).

NORTH EAST ALL

WEST GREENLAND SOUTH EAST GREENLAND GREENLAND GREENLAND

CATCH % CATCH % CATCH % CATCH
YEAR NUMBERS  ADULTS  NUMBERS  ADULTS  NUMBERS  ADULTS  NUMBERS
1954 18,912 475 32 19,419
1955 15,445 178 45 15,668
1956 10,883 180 5 11,068
1957 12,817 133 40 12,990
1958 16,705 360 30 17,095
1959 8,844 168 7 9,019
1960 15,979 350 16 16,345
1961 11,886 219 13 12,118
1962 8,394 211 10 8,615
1963 10,003 21 215 28 20 50 10,238
1964 9,140 26 125 40 7 86 9,272
1965 9,251 25 76 65 2 100 9,329
1966 7,029 29 55 55 6 7,090
1967 4,215 38 54 35 10 4,279
1968 7,026 30 180 47 4 7,210
1969 6,383 21 110 62 9 6,502
1970 6,178 26 182 70 15 100 6,375
1971 5,540 24 63 48 5 5,608
1972 5,952 16 84 48 6 100 6,042
1973 9,162 19 100 20 38 79 9,300
1974 7,073 21 144 29 27 95 7,244
1975 5,953 13 125 20 68 72 6,146
1976 7,787 12 260 48 27 55 8,074
1977 9,938 15 72 16 21 81 10,031
1978 10,540 16 408 14 30 36 10,978
1979 12,774 20 171 19 18 25 12,963
1980 12,270 17 308 14 45 12,623
1981 13,605 21 427 15 49 14,081
1982 17,244 16 267 20 50 60 17,561
1983 18,739 19 357 56 57 30 19,153
1984 17,667 16 525 19 61 18,253
1985 18,445 2 534 0 56 52 19,035
1986 13,932b 10 533b 18 37b 65 14,502b
1987 16,053b 21 1060b 24 15b 60 17,128b
1988- - .
1992 For 1988 to 1992 comparable catch statistics are not available.
1993 55,792 50 1,054 30 40 93 56,886
1994 56,941 50 864 30 88 65 57,893
1995 62,296 53 906 36 61 52 63,263

1996 73,287 52 1,320 35 69 59 74,676
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NORTH EAST ALL

WEST GREENLAND SOUTH EAST GREENLAND GREENLAND GREENLAND

CATCH % CATCH % CATCH % CATCH
YEAR NUMBERS ADULTS NUMBERS ADULTS NUMBERS ADULTS NUMBERS
1997 68,241 49 1,149 28 201 58 69,591
1998 80,437 51 1,670 30 110 73 82,217
1999 91,321 50 3,592 12 104 65 95,017
2000 97,229 44 2,459 15 113 76 99,801
2001 84,165 42 2,525 18 73 68 86,763
2002 65,810 46 1,849 19 66 86 67,725
2003 64,735 44 2,828 24 44 77 67,607
2004 69,273 41 2,625 27 207 29 72,105
2005 90,308 35 2,775 18 38 58 93,121
2006 91,191 33 2,038 16 89 78 93,318
2007 81,485 32 2,702 21 85 53 84,272
2008 78,747 32 3,617 15 50 90 82,414
2009 70 869 32 2 546 9 83 75 73 498
2010 89 045 25 1938 12 35 34 91 018
2011 73 277 30 1472 16 74 26 74 823
2012 59,124 21 1,290 11 154 23 59,923
2013 80,102 24 2,188 15 186 28 82,099
2014 62,147 29 1,824 13 28 32 63,811

a Seals exhibiting some form of a harp.b These provisional figures do not include estimates for non-
reported catches as for the previous years.
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Table 6. Estimated catches of harp seals in Greenland, 1975-1987 and 1993-1995. Figures in bold are
non-corrected figures from Table 5 (Stenson and Rosing-Asvid SEA245).

YEAR  WEST GREENLAND  SOUTH EAST GREENLAND NORTH EAST GREENLAND TOTAL GREENLAND

1975 6,689 125 68 6,882
1976 11,826 260 50 12,136
1977 12,830 72 50 12,952
1978 16,434 408 50 16,892
1979 17,459 171 50 17,680
1980 15,101 308 45 15,454
1981 22,760 427 49 23,236
1982 26,793 267 50 27,110
1983 24,606 357 57 25,020
1984 25,566 525 61 26,152
1985 20,518 534 56 21,108
1986 25,832 533a 50 26,415
1987 37,329 1060a 50 38,439
1993 55,792 1,335 40 57,167
1994 58,811 1,746 88 60,645
1995 65,533 1,529 61 67,123

a Provisional figures; do not include estimates for non-reported catches.
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Table 7. Estimated total removals of harp seals in the Northwest Atlantic for 19522016, (Stenson
and Rosing-Asvid SEA245).

YEAR REPORTED BYCATCH STRUCK AND LOST TOTAL
1952 325,292 0 129,230 454,522
1953 291,070 0 95,095 386,165
1954 285,350 0 112,084 397,434
1955 350,687 0 100,938 451,625
1956 402,167 0 64,218 466,385
1957 260,148 0 96,381 356,529
1958 316,455 0 176,883 493,338
1959 330,846 0 94,426 425,272
1960 295,288 0 140,697 435,985
1961 201,646 0 34,532 236,178
1962 330,273 0 125,277 455,550
1963 353,937 0 86,250 440,187
1964 352,650 0 88,959 441,609
1965 245,326 0 64,414 309,740
1966 331,980 0 83,382 415,362
1967 340,382 0 65,438 405,820
1968 201,596 0 46,718 248,314
1969 297,034 0 66,051 363,085
1970 265,548 68 50,313 315,929
1971 238,322 490 29,870 268,682
1972 137,661 621 22,031 160,313
1973 134,828 465 37,486 172,779
1974 156,564 182 42,899 199,645
1975 182,899 285 43,681 226,865
1976 178,742 1,092 47,991 227,825
1977 169,793 1,577 44,094 215,464
1978 180,490 2,919 65,474 248,883
1979 181,706 3,310 50,585 235,601
1980 191,131 2,717 60,048 253,896
1981 229,815 3,921 53,222 286,958
1982 198,547 3,785 54,740 257,071
1983 87,555 4,962 40,131 132,648
1984 62,254 4,108 39,591 105,952
1985 44,701 4,857 32,069 81,627
1986 56,914 8,178 36,178 101,269
1987 89,536 13,096 55,099 157,731
1988 139,342 8,545 75,895 223,781
1989 113,156 10,256 59,775 183,187
1990 110,569 3,621 77,978 192,168
1991 105,551 9,689 65,400 180,640
1992 124,187 25,476 82,629 232,292

1993 88,203 26,472 72,665 187,340
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YEAR REPORTED BYCATCH STRUCK AND LOST TOTAL

1994 125,944 47,255 102,049 275,248
1995 136,946 20,395 104,635 261,975
1996 321,734 29,201 146,607 497,542
1997 335,526 18,869 126,654 481,048
1998 364,896 4,641 126,725 496,262
1999 338,169 16,111 113,033 467,313
2000 190,914 11,347 110,354 312,615
2001 312,521 19,475 109,069 441,065
2002 380,102 9,329 98,009 487, 440
2003 356,661 5,367 91,233 453, 261
2004 437,557 12,593 a 102,612 552,761
2005 422,525 12,325 a 115,767 550, 616
2006 448,077 12,355 a 119, 884 580, 316
2007 308,581 12,447 a 98, 750 419,778
2008 299,406 12,704 a 93,292 405, 402
2009 149,810 12,775 a 77,177 239,762
2010 160,115 12,575 a 95, 074 267,764
2011 115,402 12,571 a 77 ,156 205, 129

12,571 a 64,664

2012 132,229 12 571 209,463
2013 169,700 12,571 a 86,970 272,442
2014 133,827 12,571 a 66,946 198,406
2015 115,053 12,571 a 81,609 209,232
2016 146,614 12,571 a 83,268b 242,454

2Average bycatch 19992003 in Canadian and US fisheries
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Annex 8: Summary of harp and hooded sealing regulations

Table 1. Summaries of Norwegian harp and hooded sealing regulations for the Greenland Sea
(“West Ice”), 1985-2016 (Haug and Zabavnikov SEA 238)

QUOTAS ALLOCATIONS
SOVIET
OPENING CLOSING TOTAL PUPS FEMALE MALE NORWAY &
YEAR DATE DATE RUSSIAN
HOODED SEALS
1985  22March 5May (20,000 (20,0002 03 Unlim.  8,000° 3,300
1986 18March 5May 9,300 9,300 03 Unlim. 6,000 3,300
1987  18March 5May 20,000 20,000 03 Unlim. 16,700 3,300
1988  18March 5May (20,000 (20,0002 03 Unlim. 16,700 5,000
1989  18March 5May 30,000 0 03 Incl. 23,100 6,900
1990  26March 30June 27,500 0 0 Incl. 19,500 8,000
1991  26March 30June 9,000 0 0 Incl. 1,000 8,000
199294 26March 30June 9,000 0 0 Incl. 1,700 7,300
1995  26March 10July 9,000 0 0 Incl.  1,7000 7,300
1996  22March 10July  9,0008 1,700 7,300
1997  26March 10July  9,0009 6,200  2,800"
1998  22March 10July  5,00010 2,200  2,800"
199900 22March 10July  11,200" 8,400  2,800"
200103 22March 10July 10,3002 10,300
200405 22March 10July 5,600 5,600
2006  22March 10July 4,000 4,000
2007- 0 0 0 0 0 0
1614
HARP SEALS
1985  10Aprl 5May (25,000 (25,0002 0° 05 7,000 4,500
1986  22March 5May 11,500 11,500  0° 05 7,000 4,500
1987  18March 5May 25000 25,000  0° 05 20,500 4,500
1988  10Aprl 5May 28,000 0% 056 056 21,000 7,000
1989  18March 5May 16,000 - 0° 05 12,000 9,000
1990  10April  20May 7,200 0 0° 05 5400 1,800
1991  10Aprl  31May 7,200 0 05 05 5400 1,800
199293 10Aprl  31May 10,900 0 05 05 8,400 2,500
1994  10Aprl 31May 13,100 0 0s 05 10,600 2,500
1995  10Aprl 31May 13,100 0 05 05 10,6007 2,500
1996  10April  31Ma8 13,100° 10,600  2,500"
199798 10April  31May 13,1000 10,600  2,500"
199900 10 April  31May 17,5000 15,000  2,500"
200105 10 April 31 May 15,000° 15,000 0
200607 10 April  31May 31,200° 31,200 0
2008  5April  31May 31,200° 31,200 0
2009  10April  31May 40,000 40,000 0
2010  10April  31May 42,000 42,000 0
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QUOTAS ALLOCATIONS
SOVIET
OPENING  CLOSING TOTAL PUPS FEMALE MALE NORWAY &
YEAR DATE DATE RUSSIAN
2011 10 April 31 May 42,000 42,000 0
201213 10 April 31May 25,000 25,000 0
201416 10 April 31May 21,270 21,270 0

1 Other regulations include: Prescriptions for date for departure Norwegian port; only one trip per season;
licensing; killing methods; and inspection.

2 Basis for allocation of USSR quota.

3 Breeding females protected; two pups deducted from quota for each female taken for safety reasons.
¢ Adult males only.

51 year+ seals protected until 9 April; pup quota may be filled by 1 year+ after 10 April.

¢ Any age or sex group.

7 Included 750 weaned pups under permit for scientific purposes.

8 Pups allowed to be taken from 26 March to 5 May.

° Half the quota could be taken as weaned pups, where two pups equalled one 1+ animal.

1 The whole quota could be taken as weaned pups, where two pups equalled one 1+ animal.

11 Russian allocation reverted to Norway.

12 Quota given in 1+ animals, parts of or the whole quota could be taken as weaned pups, where 1,5 pups
equalled one 1+ animal.

13 Quota given in 1+ animals, parts of or the whole quota could be taken as weaned pups, where 2 pups
equalled one 1+ animal.

14 Hooded seals protected, only small takes for scientific purposes allowed.
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Table 2. Summary of sealing regulations for the White and Barents Seas (“EastIce”), 1979-2016.

OPENING DATES QUOTA-ALLOCATION
YEAR SOVIET/RUS. NORWAY CLOSING DATE TOTAL SOVIET/RUS. NORWAY
1979-80 1 March 23 March 30 April3 50,000¢ 34,000 16,000
1981 - - - 60,000 42,500 17,500
1982 - - - 75,000 57,500 17,500
1983 - - - 82,000 64,000 18,000
1984 - - - 80,000 62,000 18,000
198586 - - - 80,000 61,000 19,000
1987 - - 20 April3 80,000 61,000 19,000
1988 - - - 70,000 53,400 16,600
1989-94 - - - 40,000 30,500 9,500
1995 - - - 40,000 31,250 8,7505
1996 - - - 40,000 30,500 9,500
199798 - - - 40,000 35,000 5,000
1999 - - - 21,400 16,400 5,000
2000 27 Febr - - 27,7000 22,700 5,000
200102 - - - 53,0000 48,000 5,000
2003 - - - 53,0000 43,000 10,000
2004-05 45,1000 35,100 10,000
2006 - - - 78,2000 68,200 10,000
2007 - - - 78,2000 63,200 15,000
2008 - - - 55,100 45,100 10,000
2009 - - - 35,000 28,0007 7,000
2010 7,000 0 7,000
2011 7,000 0 7,000
2012-13 7,000 0 7,000
2014 7,000 0 7,000
201516 19,200 12,200 7,000

! Quotas and other regulations prior to 1979 are reviewed by Benjaminsen (1979).

2 Hooded, bearded and ringed seals protected from catches by ships.

% The closing date may be postponed until 10 May if necessitated by weather or ice conditions.
4 Breeding females protected (all years).

5 Included 750 weaned pups under permit for scientific purposes.

¢ Quotas given in 1+ animals, parts of or the whole quota could be taken as pups, where 2,5 pups equalled
one 1+ animal

7 Quota initially set at 28,000 animals, but then was reconsidered and set to 0.
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Table 3. Major management measures implemented for harp seals in Canadian waters, 1961-2016.

YEAR

MANAGEMENT MEASURE

1961

Opening and closing dates setfor the Gulf ofthe St Lawrence and Frontareas.

1964

First licensing of sealing vessels and aircraft. Quota 0f50,000 set for southern
Gulf (effective 1965).

1965

Prohibition onkilling adult seals inbreeding ornursery areas.Introductionof
licensing of sealers. Intro duction of regulations defining killing methods.

1966

Amendments to licensing. Gulf quota areas extended. Rigid definition ofkilling
methods.

1971

TAC forlarge vesselssetat200,000 and an allowance 0£45,000 for landsmen.

1972 -1975

TAC reducedto 150,000, including 120,000 for large vessel and 30,000
(unregulated) forlandsmen. Large vessel huntin the Gulf prohibited.

1976

TAC was reduced to 127,000.

1977

TAC increased to 170,000 for Canadian waters, including an allowance o0£10,000
fornorthernnative peoples and a quota of63,000 for landsmen (includes
various suballocations throughout the Gulf of St Lawrence and northeastern
Newfoundland). Adults limited to 5% oftotal large vessel catch.

1978-1979

TACheld at 170,000 for Canadian waters. An additional allowance of10,000 for
the northern native peoples (mainly Greenland).

1980

TAC remained at 170,000 for Canadian waters including an allowance of1,800
forthe Canadian Arctic. Greenland was allo cated additional 10,000.

1981

TAC remained at 170,000 for Canadian waters including 1,800 for the Canadian
Arctic. Anadditional allowance 0f13,000 for Greenland.

1982-1987

TAC increased to 186,000 for Canadian waters including increased allowance to
northernnative people 0f11,000. Greenland catch anticipated at 13,000.

1987

Change in Seal Management Policy to prohibit the commercial hunting of
whitecoats and hunting fromlarge (>65 ft) vessels (effective 1988). Changes
implemented by a condition oflicence.

1992

First Seal Management Plan implemented.

1993

Seal Protection Regulations updated and incorporated in the Marine Mammal
Regulations. The commercial sale of whitecoats prohibited under the
Regulations. Netting ofseals south 0f54°N prohibited. Other changesto define
killing methods, control interference with the hunt and remove old restrictions.

1995

Personal sealing licences allowed. TAC remained at 186,000 including personal
catches. Quota divided among Gulf, Frontand unallocated reserve.

1996

TAC increased to 250,000 including allo cations of 2,000 for personal use and
2,000 for Canadian Arctic.

1997

TAC increased to 275,000 for Canadian waters.

2000

Taking of whitecoats prohibited by condition oflicense

2003

Implementation 0f3 year management plan allowing atotal harvestof975,000
over3 years with amaximum 0f350,000in any one year.

2005

TACreducedto 319,517 infinal year of 3 year management plan

2006

TAC increased to 335,000 including a 325,000 commercial quota, 6,000 original
initiative, and 2,000 allocation each for Personal Use and Arctic catches

2007

TAC reducedto 270,000 including 263,140 for commercial, 4,860 for Aboriginal,
and 2,000 for Personal Use catches

2008

TAC increased to 275,000 including a268,050 for commercial, 4,950 for
Aboriginal and 2,000 for Personal Use catches

Implementation of requirement to bleed before skinning as a condition oflicence
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YEAR

MANAGEMENT MEASURE

2009

TAC increased to 280,000 based upon allo cations given in 2008 plus an
additional 5,000 for marketdevelopment
Additional requirements related to humane killing methods were implemented

2010

TAC increased to 330,000

2011

TAC increased to 400,000
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Table 4. Major management measures implemented for hooded seals in Canadian waters for 1964—

201e.
YEAR MANAGEMENT MEASURE

1964 Hunting ofhooded seals banned in the Gulfarea (below 500N), effective 1965.

1966 ICNAF assumed responsibility for managementadvice for Northwest Atlantic.

1968 Openseasondefined (12 March-15 April).

1974-1975  TACsetat15,000 for Canadian waters. Opening and closing dates set (20 March—
24 April).

1976 TAC held at 15,000 for Canadian waters. Opening delayed to 22 March. Shooting
banned between 23:00and 10:00 GMT from o pening until 31 March and between
24:00 and 09:00 GMT thereafter (to limitloss of wounded animals).

1977 TAC maintained at 15,000 for Canadian waters. Shooting of animals in water
prohibited (to reduce loss due to sinking). Number of adult females limited to 10%
oftotal catch.

1978 TAC remained at 15,000 for Canadian waters. Number of adult females limited to
7.5% oftotal catch.

1979-1982 TAC maintained at 15,000. Catch of adult females reduced to 5% oftotal catch.

1983 TAC reducedto 12,000 for Canadian waters. Previous conservation measures
retained.

1984-1990 TAC reducedto 2,340 for Canadian waters.

1987 Change in Seal Management Policy to prohibit the commercial hunting of
bluebacks and hunting from large (>65 ft) vessels (effective 1988). Changes
implemented by a condition oflicence.

1991-1992  TACraised to 15,000.

1992 First Seal Management Plan implemented.

1993 TAC reducedto 8,000. Seal Protection Regulations updated and incorporated in
the Marine Mammal Regulations. The commercial sale ofbluebacks prohibited
under the Regulations.

1995 Personal sealing licences allowed (adult pelage only).

1998 TAC increased to 10,000

2000 Taking ofbluebacks prohibited by condition oflicense.

2007 TAC reducedto 8,200 under Objective Based Fisheries Manag ement based on 2006
assessment

2008 Implementation of requirement to bleed before skinning as a condition oflicense

2009 Additional requirements implemented to ensure humane killing methods are
used

Annex 9: Technical minutes from the Review Group for the ICES
WGHARP REPORT 2016 (Norwegian request)

27 Oct 2016 revised 30 Oct 2016

Participants: Karin Harding (Chair), Mario Acquarone and Sinéad Murphy;
Working Group: WGHARP 2016

Chair WG:

Secretariat:
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The Review Group considered the following stocks:

e Harp seal Greenland Sea
e Harp seal White Sea/Barents Sea
e Hooded Seal Greenland Sea

And the following special requests:
e Assess the status and harvest potential of the three stocks
Especially assess the impact of

1) current harvest levels,

2) sustainable catches (defined as the fixed annual catches that stabilizes the
future 1 + population)

3) catches that would reduce the population over a 15-years period in such a
manner that it would remain above a level of 70% of the maximum popula-
tion size, determined from population modelling, with 80% probability.

General

TheReview Group (RG)acknowledges theimmense effort expended by the Working
Group (WG) toproduce the report. The report is well written and well thought through
and the best data and literature available on the species of concern have been used.
However, the RG has some comments on the methodology and suggestions for com-
plementary methods and literature that we hope can be valuable in future develop-
ments of themodel framework and, consequently, in the population assessments.

Introduction

Thereport describes the biological status of pinniped stocks in the high Arctic. These
populations inhabit one of the most difficult habitats to survey in the world, the polar
drift ice. Despite incomplete datasets, the authors have used every piece of information
available to them to puttogether a picture of seal abundance, growthrate and the po-
tential for harvest. We acknowledge the difficulty of this task.

The RG would like to stress the following points

Thereareno reliable estimates of population abundance from surveys for these popu-
lations, but there are indications of abundance given as data on pup production and
harvest data. There are also biological data on pinniped life history. These pieces of
information are tied together in a population dynamics model and this is how abun-
dance is estimated. Therefore, every model assumption is vital.

Our main points are the following

e Thebasicpopulationdynamic model is sound but can be further improved
by applying the precautionary principlein each step in selecting parameter
values. As it now stands the basic intrinsic rate of increase (r) is not given
explicitly for different parameter values. There is a risk that the model is
over optimistic in its estimates of sustainable catches.

e How is uncertainty in population abundance included in estimates of sus-
tainable catches?
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For single-stock summary sheet advice:
Stock 4.2 The Greenland Harp Seal stock
Short description of the assessment: extremely useful for reference of ACOM!

1) Assessment type:
2) Assessment: abundance, potential for catches

3) Forecastpresented (for future population size given different hunting re-
gimes)

4) Assessment model: Population projection model fitted to some empirical
data on reproduction and pup production. 2. Bayesian model trying to fit
the population model to dataon pup production, initial population sizes.

5) Consistency:

6 ) Stock status: Seem to be at safe levels 650 300 (95% CI: 471 200 — 829 300)
according to the model

7) Man.Plan.: Currentharvestis at historically low levels and seem to be at the
safe side 1442 in 2016. However, in 2013 as many as 16 033 animals were
hunted (whereof 2 245 were older than pups). Suggested quotas of about
20000 seals might cause rapid decline depending on population parame-
ters.

General comments

This is an ambitious and very professional section. However, the RG still has some
points of concern.

Technical comments

A. The Population model and parameter values chosen

Themain construction of the populationmodel is good and straightforward. But there
areanumber of questionmarksin the parameterization. The mostimportant aspect of
a population model is which inherent rate of population increase it assumes/obtains
through model parameterizations. This growth rate (often termed r in the literature)
will govern everything in model predictions and affect which catches the population
is thoughtto sustain. The modelsintrinsicr (for different settings of parameter values)
is not clearly stated in the report.

High grow thrate (r) allows for higher catches. High growthratesresult from: (1). Early
female sexual maturity (2). High pregnancy rates (3). Low mortality rates.In order to
apply a pre-cautionary principle, it is therefore important not to over/ misestimate
these parameters, i.e. proposea high growth ratein data poor populations, butto try
to stay on the safe side.

1) Ageatsexual maturity iswelldocumentedby the WG andis nicely included
year by year in the estimation of historical population size. However, for the
projection this number is kept constant. Suggestion: For future projections
it would be best to allow age at maturity to vary within the same range as
thehistoricaldata hasvaried andrandomizeifit is a‘’good year” or a “’bad
year” (See Caswell2011), as it is now it seems an average valueis used for
all future years.
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2)

2.1) Fertilityratein this case pregnancy rate) was estimated by examining
females that were caught within a few weeks or months of the breed-
ing season for the presence or absence of a large partially luteinized
Corpus albicans. This may overestimate pup production as females
thatjust ovulated and did not become pregnant, and females that had
pregnancies ending in abortions may leave signs that look like suc-
cessful breeding. A lower value should be assumed.

2.2) An average pregnancy rate is used for future projected population
size. Suggestion: For future projections randomize good-years and
bad-years pregnancy rates from the historical distribution.

3)

3.1) Mortality ratesare unknown. But assumed tobe 0.3 for pups and 0.1
for adults. These parameters are crucial to the resulting r. A literature
review of survival rates of phocid seals indicate that pup mortality
canbeeven higher than30% especially in bad yearsit canbe close to
100% (Harkonen etal., 2002, Kjellqvist et al., 1995). Subadult survival
(ages 1-5 years) is often higher compared to adult survival. Sugges-

tion: A next version of the model could include more realistic age-
dependent mortality rates from literature data on other phocids.

3.2) Omnemoredetailed question: Why is survival (s)not assumed tobe 1-
mortality (M) but s=exp(-M)? (See Page 15 ICES W GHARP REPORT
2016 submitted 141016) This procedure overestimates s survival a bit?
For M=0.5 sbecomes 0.60, but the sum mustbe one. Suggestion: Cor-
rect or explain in the report.

Suggested test of the model: How rapidly does this model population increase with
catchessettozero. Are the parameter values realistic? No seal population canincrease
more than about 10-12% and stay within known constraints of pinniped biology
(Harkonen etal., 2002). One way to double check the settings is to incorporate the basic
datain aLeslie matrix and study the growthrate as parameter by parameter is changed
(e.g. Caswell 2011, Harding et al., 2002, Harding et al., 2007).

B. Assumptions related to the catch

1) It is assumed that the age structure of the catch 1+ is the same as the age
distributionin the population1+.1Is thisa good assumption or is the sex and
age ratio of the catches 1+ de facto likely to be biased? Any empirical data
on this?If it isbiased towardsadult females, catchesare more costly to the
population (in terms of the effect on population growthrate) than the model
suggests and consequently the applied hunting scenarios suggest that the
population tolerate a too high hunting pressure. Suggestion: If there is in-
formation of the age and sex structure of the hunt we suggest this is incor-
porated in future modelling. Otherwise it can be investigated theoretically
in themodel (applying different test-structure of the catches systematically
and record the effect on 1)

2) If age and sex structure is unknown we approve of the approach the WG
takes to assume the age structure of catches of 1+ to follow the age structure
of the population flexibly for each year (eqn 4) as the baseline example.

3) The value of a pup for population growth rate relative to older seals is as-
sumed tobe1:2. This simplification will underestimate the cost of the hunt



ICES WGHARP REPORT 2016 | 77

since adult females are worth about 2.7 for future population growth. The
exact value will depend on the population growth rate and the values can
befoundby a Leslie matrixapproach and itsleft eigenvector (Harding et al,
2007).

C. Model projections and catch levels

In the model projection the scenariocalled “’current catch levels” uses an average num-
ber of thelastfive years (average 7 458 during 2012-1016). It is reported that continuing
current catch levels (and with the assumed population parameter values above) we
will seean increaseby 58%in 15 years. Thisis however only a 3% annual growth rate
in an exponentially growing population (N15 = N0*e”r15). 3% is not a safe growthrate
for a pinniped population in models of risk assessment and does not allow for any
other events not included in the model, such as failing food supply or an epidemic
disease. A positive growthrateisa population’s only guarantee from rapid decline and
extinction. Thus the current catch level scenarioseemsnot sosafe. Also bearing inmind
that multiple parameters included are chose at the higher end (all points mentioned
above).

In this light, a hunt of 21 500 (100% 1+) animals in the so called Equilibrium Scenario
(Table5)soundsvery high and a sharp decline can be the result. Especially since pop-
ulation abundance estimates are poor it can take many years before a drop in popula-
tion size can be documented. The RG advises that hunting should not exceed 7 500
pups. However anew population assessment with revised approach is preferred, be-
fore any new catches are performed. Consequently, the RGalsosuspects that the catch
option “Reduce toN70a” with a catch of 26 000 (1+) animals will cause a sharper and
quicker decline than projected.

Conclusions

The harp seal biology in the Greenland Sea seems to be characterized by large long
term fluxesin age at sexual maturity and pregnancy rate. Most likely these fluxes also
affect annual survival rates (notincluded in the model). The WG hasmade an impres-
sivejob in constructing a model framework that make use of the pieces of information
that exist. However, we are worried that parameterization at several points has been
chosenin away thathappened to produce a too optimistic result of the potential har-
vest on this population. We give concrete suggestions for model improvements and
test in the text above. Our recommendation is to systematically go through each pa-
rameter value withinitsbiologically realistic range and register its effect on the growth
rate (r) in a form of sensitivity analysis.

For single-stock summary sheet advice:
Stock 5.1 The Greenland Sea Hooded Seal Stock

1) Assessment type: Population status assessed by modelling
2) Assessment: Historical abundance, reference levels, potential for catches
3) Forecast: No population forecast is presented.

4) Assessment model: Population projection model fitted to some empirical
data onreproductionand catches. 2. Bayesian model fitting the population
model to data on pup production, initial population sizes.

5) Consistency:
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6) Stock status: Have undergone a dramatic decline during the last 70 years
from about1 M to about 80 000. Current estimates of pup production show
a continued decline.

7) Man.Plan.: Thehistorical hunthas been around 3 000-8 000 annually since
1989 and up to 2006, thereafter a sharpdropin catcheshas occurred and the
last years about 20 seals are hunted annually. The WG suggest no further
hunting on this stock and the RG agree with this conclusion.

General comments

This sectionon hooded sealsis well written and givesa good background to the biol-
ogy and historical catchlevels. How ever, the populationis poorly studied and the lack
of abundance and age structure/natural mortality data are striking. Nevertheless, the
WGhas made thebest of the situationand produced a population model with param-
eter values of life history, catches and pup production tuned to hooded seals.

Brief summary

Thehooded sealis a top predator in the Arctic drift ice. Parameter values givenin the
report (pregnancy rate 0.7, age at maturity about 6 years, mortality about 0.34 (pups)
and 0.17 (1+) indicate that the populationhasa very low intrinsicrate of increase com-
pared tomost phocid seals. Hooded seals seem tobe one more of these slow growing
top predators that are so easy to overexploit and also vulnerable to large-scale changes
in prey abundance.

The estimated total 2017 population of hooded seals in the Greenland Sea is 80 460
(95% CI59 020 — 101 900). In the 1950s the populationis estimated to have been around
1M (Fig 5). An annual harvest of over 20 000 seals during the 1970s most likely con-
tributed to the stock collapse. Thelack of recovery last years asjudged from pup pro-
duction data are worrying and may indicate a change in the entire foodweb, as
suggested by the WG. Estimated pup production was about 13 000in 2016 and in 1997
23 000 pups.

Technical comments

A. The Population model and parameter values chosen

Thesamemodel as for the Greenland harpseal hasbeen used but parametersare cho-
sen to mimic the hooded seal population. The RG approve of the general model ap-
proach. However, just as with the Greenland harp seals all conclusions depend on
parameter values. This stock is not suggested to be further hunted and thus an im-
provement of the population model is not as urgent as for species that may be har-
vested. If for other management reason the hooded seal population dynamics is to be
further understood the RG suggesta similar approach as we suggested for harp seals.
Suggestion: Vary age at sexual maturity and pregnancy rates and assumed mortality
rates among years according to a stochastic good year/bad year distribution with data
on variability from the pastand when necessary with data from other phocid species
(togivebiological realistic limits for parameters). Perform a Leslie matrix analysis and
a sensitivity analysis to see how the intrinsic growthrate (r) depend on the life history
parameters. This can guide future research on the population.



ICES WGHARP REPORT 2016

Recommendations on catches

| 79

TheRG full agrees withthe WG: ”’All model runsindicate a population currently well
below Niim (30% of lar gest observed populationsize). Following the precautionary ap-
proach framework developed by WGHARP (ICES2005), no catches should be taken
from this population.”

For single-stock summary sheet advice:

Stock 4.3 The White Sea and Barents sea Harp Seal Stock

Short description of the assessment: extremely useful for reference of ACOM!

1)
2)
3)
4)
5)

6)

7)

Assessment type:
Assessment: abundance, potential for catches

Forecast: presented (for future population size given different hunting re-
gimes)

Assessment model: Population projection model fitted to some empirical
data onreproductionand catches. 2. Bayesian model fitting the population
model to data on pup production, initial population sizes.

Consistency:

Stock status: Estimated to 1 408 000 (95%CI1 251 680—-1 564 320) according
to the model, a sharp decline in reproductive rates since 2003.

Man. Plan: Current harvest is practically null (9 adult seals in 2012 and no
pups. 28 animals in 2016). Suggested quotas for equilibrium takes of about
10000 adult seals could be excessive due to the high growth rates used in
the model contrasting with the low pupproductionsince 2004, and the fact
that this populationis data-poor. Additionally, the reduction of the whelp-
inghabitat due torapid decrease of suitable sea ice could furtherjeopardize
reproductive success.

General comments

This section summarize the existing data on the stock in a clear and well-structured
manner. However, the data points are few and with large variances. A well thought
through population model is used, however dueto a likely error in parameterization
and scattered data the model does not capture recent declining trends in pup produc-
tion and the model resultsmust be treated very cautiously. The RG have some points
of concern.

1)

2)
3)

The growthrate used in the modelling (12% over 15 years) might be too
high since annual variation in pregnancy rate and stochastic variation in
pup survival is not included.

This stock is data poor, as also the WG points out.

Hunting (1+)ismore costly for the population growthrate thanthe 12 ratio
used especially if the population is declining. The estimated Equilibrium
catch of 10 090 mightbe too high since the current trend in pup production
is not captured by the projection model. The RG agrees with the WG that
better data on abundance, pup productionand intrinsicrate of increase are
required for future assessments.
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Technical comments

A. The Population model and parameter values chosen

The populationmodel used for the Barents Sea/White Sea harpseals is the same as the
oneused for the Greenland Sea populationand werefer to the sectionon this popula-
tion for detailed comments and suggestions for waysto improve the parameterization.
We also express our concern in accordance with the WG that this population is data
poor.

Reproductive data

Themodelis fed two typesof reproductive data: maturity ogive and fecundity rate. A
complete dataset for either of these parameters is not available for the whole period
(1962-present). Fecundity is used with no variance and pregnancy rateis interpolated
linearly for years with no data. W G expressed concerns about the uncertainty in preg-
nancy rates and the variations in fecundity rates. We agree with these concerns and
confirm that the use of the last observed fecundity rate is not advisable. Suggestion:
vary pregnancy ratein a stochasticfashiontomimicthe variability in harpseal repro-
ductive data. It is also noted that age sexual maturity is very late in this population, we
havehere one slower growinglate maturing Ar ctic marine mammal and a growthrate
above 6% willbe highly unlikely. A Leslie matrix approach couldbe one way forward
toobtainlikely life history values and growth rates (r) (See for example Harding et al,
2002,2007).

Pup production values:

As pointed out by the WG data from commercial operations is unreliable and only
surveys conducted inthe period 1998-2013 canbe used. The latter alsoprovide a meas-
ure of the variationin the data. Poor seaice conditions were observed in 2015and 2016
which mayhaveled tohigh pup mortality — particularly more during 2015 (See Page
19 ICES WGHARP REPORT 2016 submitted 141016). Data from this period are not
included in the model and thus increased pup mortality in recent years has not been
accounted for.

Model estimates:

Themodel does not fit well to the early pup production, when data werenot reliable,
but does not fit either to the data from thelater better surveys. Assuming the robust-
ness of the model chosen these observations indicate that the life history data do not
completely reflect the values for this population, and that some factors influence sur-
vival. Suggestion: Treat the model outcome with extreme caution.

Catch levels:

The catch levels for the years since 2012 are assumed zero since the takes have been
minimal. For the equilibrium catch to stabilize the population over 15 years only 1+
animals have been considered. The resulting advice for equilibrium catch was 10 090
animals 1+. TheRG noted that thisadviceis based on a too high intrinsic growthrate,
itis reported that the population grow with 12% annually without hunting (p 27 at the
bottom). Suchhigh growthrates are only seen for pinnipeds witha sexual maturity at
about 3 to4 years, 95% pregnancy rate and 96% adult survival rates (thus unlikely for
harp sealsin the White Sea/Barents Sea.) This may also be the reason why the modelis
hard to fit to the pup production data involving an unexplained drop. The RG also
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noted thattheremoval of adults only might affect the population more thana combi-
nationofadultsand pupsandmore than1:2ratio. Suggestion: Asabove for modelling.

Therequest toprovide advice on catchlevels that would reduce the population toN70
was notaddressed using the modelbecause of the lack of data, instead a PBR approach
was provided. A precautionary recovery factor was employed and a simplified,
adult/pup composition of the catch was assumed. The results were evaluated by the
WG and deemed the approach not suitable, and the RG agrees.

Recommendation: The RG recommends no further hunting on this population until
new dataon pup productionshows that declining trend has been broken. Furthermore,
the RG suggest the population model to systematically test parameter values to find a
realisticintrinsicgrowthrate, this might lead to better model fit, and new Equilibrium
catch levels if any.

Conclusions

The dramaticchangesin ice conditionsin recent years seem tohave had a strong influ-
ence on harp seal biology in the Barents Sea/White Sea and especially age at sexual
maturity, pregnancy rateand pup production. The WG has made an excellent job in
extracting useful data from the heterogeneous dataseries for use in the model frame-
work. However, we are worried that the values chosen for the reproductive parameters
and the pup production donotreflect the actual values mainly becausethis population
is data poor. We pointed out some strategies for improvement of the model in the text
above. We also recommend a precautionary approach when allocating a catch quota
for this population which means no catches before a new assessment has been per-
formed.
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