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Abstract

Regular harbour seal (Phoca vitulina) population censuses are necessary to understand the
status of the population and to monitor trends in the population size. In Iceland, aerial
population censuses have been conducted since 1980, and have revealed a decline in the
Icelandic harbour seal population. In this project, we conducted an aerial census with the
aim of estimating the population size of Icelandic harbour seals for the 12t" time and to
examine population trends. In total, 4,168 (Cl 95% = 6,149-12,726) seals were observed,
which after correction factors had been applied, resulted in an estimated population size
of 9,434 animals. The estimated population size was 72% smaller than when first
estimated in 1980, but about 23% larger than in 2016 when the last complete population
census was conducted. The current estimate is 21% below the governmentally issued
management objective for the minimum population size of harbour seals in Iceland
(12,000 animals). Most of the observed decrease in the population occurred between the
years 1980 and 1989. When examining recent changes in the size of the population based
on estimates in the current period (2011-2018) no significant trend was detected,
indicating that the population currently seems to fluctuate around a stable minimum stock
level. Due to the sensitive conservation status of the Icelandic harbour seal population, it
is urgent to assess factors affecting the status of the population, such as mortality by
direct and indirect seal removals, climate change and prey availability. In addition,
increased monitoring of population demographic factors is urgent.

Agrip

Mikilveegt er ad framkvaema reglulega stofnmét, til pess ad vakta st6du og breytingar a
islenska landselsstofninum. A [slandi héfst framkveemd slikra mata arid 1980, og hafa pau
gefid til kynna faekkun i islenska landselsstofninum. | pessu verkefni voru landselir taldir Gr
lofti, med pad ad markmidi ad meta stofnstaerd i tolfta skiptid, asamt pvi ad kanna sveiflur




i stofninum. Samtals voru 4.168 landselir taldir og &esetlud stofnsterd eftir ad
leidréttingarstudli hafdi verid beitt var 9.434 (Cl 95% = 6.149-12.726) selir. Stofninn er nu
72% minni en pegar hann var fyrst metinn arid 1980, en 23% staerri en arid 2016 pegar
stofnsteerdarmat fyrir alla strandlengju landsins var sidast framkveemt. Samkvaemt
stjérnunarmarkmidum fyrir islenska landselsstofninn skal halda stofninum i 12.000 selum
en nidurstodur okkar gefa til kynna ad hann sé ni um 21% minni en sem pvi nemur. Mesta
feekkunin i stofninum atti sér stad frad arinu 1980 til darsins 1989. begar nylegar
stofnsteerdarbreytingar voru kannadar byggt & nyjustu stofnmotum fyrir landsel (2011-
2018), komu engar marktaekar breytingar i ljés, sem bendir til ad landselsstofnin sé ad
sveiflast i kringum lagmarksstofnsteerd. | ljosi vidkvaemar stédu landselsstofnsins vid
islands sem strendur, er brynt, i nainni framtid, ad meta pa paetti sem mogulega hafa ahrif
a stodu stofnsins, svo sem medafla i fiskveidum, beinar selveidar, umhverfisbreytingar og
adgang ad mikilveegum bradartegundum. Einnig er mikilvaegt ad vakta stofnvistfreedilega
paetti, svo sem kdpaframleidsla og frjésemi.

Lykilord: Landselur, selir, stofnsteerdarmat, phoca vitulina, harbour seal
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Figures

Figure 1. The Icelandic coastline divided into sub-areas; A — B: Faxafldi, B — C: Breidafjordur, C

— D: Westfjords, D — E: Northwest, E — F: Northeast, F — G: Eastfjords and G — A: South coast.

Figure 2. A normal distribution showing the number of counted harbour seals on the whole
coast of Iceland, multiplied by 10,000 normally distributed correction factors. The mean value
(blue line) and the 95% confidence intervals (red line= 95% Cl low and green line= 95% Cl high)

are shown. The estimated population size in 2018 is based on the mean value of 9,434 seals..

Figure 3. Trends in the Icelandic harbour seal population from 1980 to 2018. The mean values
(solid blue line) are the estimated population size for respective years. The 90% confidence

intervals indicated with dotted lines (90% Cl low = grey line and 90% Cl high = orange line). 5
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1. Introduction

Two pinniped species breed in Iceland: harbour seals (Phoca vitulina) and grey seals
(Halichoerus grypus). Aerial censuses for the Icelandic harbour seal population have been
conducted since 1980, when the population was estimated to be around 33,000 animals
(Hauksson and Einarsson 2010). Since then, the population has been monitored rather
regularly and in total, eleven censuses covering the whole coastline have been completed.
Trend analysis based on complete surveys show a declining trend in the harbour seal
population since 1980. In 2006, a management objective was introduced by the Icelandic
authorities stating that the harbour seal population should not decrease below 12,000
animals and if that occurs, actions should be taken to balance the population and prevent
further declines (NAMMCO 2006). In the census of 2006 and the following census of 2011,
the population size was close to the objective minimum population size. In a partial census
carried out in 2014, with only the largest harbour seal haul-out sites surveyed, the results
indicated an annual decline of 28.55% in the period from 2011-2014 (Granquist et al. 2014).
This decline was confirmed during the most recent complete census from 2016, when the
population size was estimated to be 7,700 animals (Porbjérnsson et al. 2017). The numbers
from the 2014 and 2016 censuses suggested that the Icelandic harbour seal population had

decreased below the minimal population size presented in the management objective.

The aim of the present census was to estimate the size of the Icelandic harbour seal
population for the 12th time, and to monitor ongoing population trends. Examining changes
in population sizes and monitoring of general and local trends, is important to obtain
sufficient knowledge of the status of the population and to facilitate sustainable management
of the Icelandic harbour seal population. Such knowledge is also a crucial base for other

research undertaken on the Icelandic seal populations.

2. Methods

2.1. Aerial surveys

The census was conducted between 25 July and 24 August to coincide with the peak of the
moulting season of harbour seals in Iceland (Granquist and Hauksson 2016a). The survey was
conducted from a small airplane and the whole coastline of Iceland was covered at least once.
Vatnsnes and part of the south coast were covered twice. To standardize conditions, all sites

were surveyed in clear weather with wind <10 m/s and +/- three hours from low tide.



During the survey, the main observer, being responsible for detecting and counting all visible
animals, was seated in the front of the airplane. The assistant observer was seated in the rear,
counting smaller groups (<30 seals) and photographing larger groups (>30 seals), using a
Canon 5DS full-frame digital camera mounted with a Canon 70-200 mm f/2.8L Il USM lens.
The camera was equipped with a Global Position System (GPS), which assigns each image
positional coordinates, and a camera lens with image stabilisation. During the analysis, when
photographs were available, the number of harbour seals in the images was used for the area
concerned. For smaller groups (<30 seals) the direct count value was used. In cases when
direct counts were obtained by both the assistant and main observer, the values were
compared, and the higher value was used if the values differed. To facilitate an exact
comparison to results from previous censuses, the definition of haul-out sites and areas were

identical to those used in previous censuses (Figure 1, Table 4-10) (Hauksson 2010).
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Figure 1. The Icelandic coastline divided into sub-areas; A — B: Faxafléi, B — C: Breidafjordur, C — D: Westfjords, D — E:
Northwest, E — F: Northeast, F — G: Eastfjords and G — A: South coast.

1. mynd. Skipting strandlengju islands i undirsvaedi. A — B Faxafléi, B — C Breidafjoérdur, C— D Vestfirdir, D — E Nordvesturland,
E — F Nordausturland, F — G Austfirdir og G — A Sudurland.



2.2 Statistical analysis

The size of the Icelandic harbour seal population in 2018 was estimated based on the total
number of observed animals, which was corrected for submerged animals and animals missed
by the observer by applying a correction factor of 2.26 (SD=0.41). To generate the estimated
population size, the total number of observed animals was multiplied by 10,000 normally
distributed correction factors. This yielded 10,000 normally distributed population estimates,
of which the average was used as the estimate for the population size for the year 2018. The
95% Confidence Interval (95% Cl) was calculated for the distribution of the 10,000 population
estimates. For comparative purposes, the correction factor was identical to the one used in

all previous harbour seal censuses since 2006 (Hauksson and Einarsson 2010).

Recent changes in abundance and trends in the Icelandic harbour seal population were
examined by using results from the most recent censuses; 2011 (Granquist et al 2011), 2014
(a partial census, Granquist et al 2014), 2016 (Pérbjornsson et al. 2017) and 2018. The period
of 2011-2018 was then compared to trends in the previous period of 1980-2006 (Hauksson
2010).

The changes in the population were examined in two ways. Firstly, the following equations
were used to calculate the total change in population size between the estimate of 2018 and
previous estimates (Table 1), as well as the total change between the years 2011 and 2018 in

the various coastal areas and specific haul-out sites (Table 2 - 9):
The estimated exponential growth rate (Rest) was calculated as (Mills 2012):

In(f7ise)

est = AT

Linear percent change (A) was calculated as:

A= (Nlast—Nfirst)
- Nfirst

* 100
Discrete time per capita growth rate (A) was calculated as (Mills, 2012):
A=exp(Rest)
Niast: The most recent value.
Nsirst: The earlier value, which Niqst is compared to.

AT: Total time interval (in years) of which a change is examined (Tiast— Tfirst).

Secondly, recent trends (2011-2018) in the abundance of harbour seals at individual haul-out

sites, coastal areas and the whole coast of Iceland was assessed by applying linear regression



models on In transformed counts. In case of zeros values, 0.49 was added before performing
the linear regression on In(counts). The same method was used in the trend analysis for the
previous period (1980-2006) published by Hauksson (2010) and hence, a direct comparison
of these results was possible. The probability of a population estimate being lower than the
previous estimate was calculated with the normal cumulative distribution (CDF) (Sokal & Rohlf
1997). All analysis was conducted in RStudio (RStudio. Version 3.3.1. 2016).

3. Results

3.1 Estimated population size

The total number of observed harbour seals on the entire Icelandic coastline, based on direct
and photographic counts, was 4,168. Multiplication of the number of observed seals with
10,000 normally distributed correction factors, yielded an estimated total population size of
9,434 (SD = 1,678; Cl 95% = 6,149-12,726) harbour seals (Figure 2).
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Figure 2. A normal distribution showing the number of counted harbour seals on the whole coast of Iceland, multiplied by
10,000 normally distributed correction factors. The mean value (blue line) and the 95% confidence intervals (red line= 95%
Cl low and green line= 95% CI high) are shown. The estimated population size in 2018 is based on the mean value of 9,434
seals.

2. mynd. Normaldreifing sem synir fjéldi talinna landsela & strandlengju islands eftir margféldun med 10,000 normaldreifdum
leidréttingarstudlum. Medalgildid (bla lina) og 95% oryggismork (raud lina=95% nedri 6ryggismork og graen 1ina=95% efri
oryggismork) eru synd. Stofnstaerarmat landselsstofnsins arid 2018 byggir 8 medaltali dreifingarinnar sem er 9,434 selir.



3.2 Population trends 1980 - 2018

Changes between 2018 and previously conducted population estimates are presented in
Table 1. The temporal population trends show that the total decline from 1980 to 2018 is
71.69% and the annual discrete time per capita growth rate (A) during this period was -3.27%.
A linear regression model indicated a significant decline between 1980 and 2018 of 3%
annually (Rest = -0.032 (SE= 0.004); R%.4= 0.83, p < 0.001) (Figure 3). An increase of 23.29%
was observed since the survey of 2016, corresponding to an annual discrete time per capita
growth rate of 11.04%. Based on the 2018 population distribution, there is a 94% chance that
the population size is below the threshold value of 12,000 animals (Table 1), which is
suggested as the minimum population size in the management objective put forward by
Icelandic authorities (NAMMCO 2006).

The main decline in the Icelandic harbour seal population occurred during the period 1980 to
2006, when the total decline was significant; Rest = -0.042 (SE = 0.01), p>0.001. However, no
significant decline occurred during the period 2011 to 2018; -0.035 (SE = 0.04), ns.
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Figure 3. Trends in the Icelandic harbour seal population from 1980 to 2018. The mean values (solid blue line) are the
estimated population size for respective years. The 90% confidence intervals indicated with dotted lines (90% Cl low = grey
line and 90% ClI high = orange line).

3. mynd. Breytingar i steerd islenska landselsstofnsins & arunum 1980 til 2018. Medalgildid er daetlud stofnsterd og
punktalinurnar syna 90% 6ryggismork (90% nedra 6ryggismork = gra lina og 90% efri 6ryggismork = appelsinugul lina).



Table 1. Estimated population sizes of the Icelandic harbour seal from 1980 to 2018, the probability of the 2018 population
estimate being lower than previous estimates P(pop2018<popyearx), €XpOnential growth rate (Rest), with the linear percent change
(A (%)) and discrete time per capita growth rate (A (%)) from the relevant year compared to 2018.

Tafla 1. Stofnstaerd landsels vid island timabilid 1980-2018 (Est. Pop), likur pess ad stofnstaerdin drid 2018 sé minni en drin é
undan (Pipop2018<popyearx)), veldisvaxtarstudull (Rest), prosentvis breyting (A (%)) og drsvoxtur A (%), midad vid dr 2018.

Survey year Est. pop. P{pop2018<popyearx) Rest A (%) A (%)
1980 33,327 100% -0.03 -71.69% -3.27%
1985 27,871 100% -0.03 -66.15% -3.23%
1989 15,298 100% -0.02 -38.33% -1.65%
1990 17,026 100% -0.02 -44.59% -2.09%
1992 15,731 100% -0.02 -40.03% -1.95%
1995 13,578 99% -0.02 -30.52% -1.57%
1998 13,887 100% -0.02 -32.07% -1.91%
2003 9,972 63% 0.00 -5.40% -0.37%
2006 12,122 95% -0.02 -22.17% -2.07%
2011 11,272 86% -0.03 -16.31% -2.51%
2016 7,652 14% 0.10 23.29% 11.04%
2018 9,434 ) ; } )
m;::tgi:;"e"t 12,000 94% - - -

3.3. Trends at the different haul-out sites

The highest number of harbour seals in 2018 was found at the South coast (1,084 seals),
followed by Northwest coast (867 seals), while the lowest number of harbour seals was found
in North-Eastern Iceland (96 seals) (Table 2). To investigate changes in different haul-out sites,
trends based on the most recent censuses (2011, 2014 (a partial census), 2016 and 2018)
were compared to trends in the previous period of 1980-2006. During the period 2011 to
2018, a numerical decrease was observed in all geographical areas, except for the Eastfjords
and the South coast where an increase was observed. The highest decline was observed in
Northeastern Iceland (54.07%) and the area with the highest increase was the South coast
(52.89%). However, linear regression revealed no significant trend for any of the areas. On
the other hand, during the previous period of 1980 to 2006, a significant negative trend was
observed for Faxafloi, Eastfjords and the South coast. The main changes since the last survey
in 2016 were the observed increases in the South coast, the Northwest coast and in the
Eastfjords, while a decrease was observed in Faxafléi. Other areas had a similar number in
2018 and in 2016. (Table 2).



Table 2. Trends in abundance of harbour seals for the period 1980-2006 (Hauksson 2010), described by exponential growth
rate (Rest), standard error (SE) and significance level?. Number of counted animals from censuses in the period 2011-2018.
The total change between the years 2011 and 2018 calculated as Mills (2012): exponential growth rate (Res™™), linear
percent change (A (%)) and time per capita growth (A (%)). Total trends for the period 2011-2018 calculated by linear
regression models on In transformed counts: adjusted coefficient of determination (Ra¢?), annual growth rate (Rest), standard
error (SE), significance® and residual standard error (RSE).

Tafla 2. Arlegur veldisvéxtur fiélda landsela fyrir timabilid 1980-2006 (Res: (SE; stadalfrdvik og marktaekni?)) (Hauksson 2010).
Fjoldi taldra landsela timabilid 2011-2018. Breyting a milli drana 2011 og 2018 reiknud med adferd Mills (2012):
veldisvaxtarstudull (Rest™™), présentvis breyting (A) og drsvéxtur (A). Heildarbreyting d¢ timabilinu 2011-2018 metid med
linulegri adhvarfsgreiningu: A8hvarfsgreiningarstudull (R.), veldisvaxtrastudull (Res: (SE), marktaekni®) og stadalfrdvik leifa
adhvarfsgreiningarinnar (RSE).

(SE);';‘:;W Total count R A(%)  A(%) | R  Rex(SEjEemce  RSE
Coastal area 1980-2006 2011 2016 2018 2011 vs. 2018 2011 - 2018
Faxafloi -0.07 (0.01)* 554.5 556 325 -0.076 -41.39% -7.35% 0.03 -0.062 (0.060)™ 0.300
Breidafjérdur | -0.06 (0.01)™ 621 463 489 -0.034 -21.26%  -3.36% 0.61 -0.039 (0.019)  0.097
Westfjords -0.02 (0.01)" 796.5 685 683 -0.022 -14.25%  -2.17% 0.86 -0.024 (0.006)™  0.032
North west -0.02 (0.01) | 1461.5 615.75 867 -0.075 -40.68%  -7.19% 0.20 -0.094 (0.076)  0.390
North east -0.04 (0.01)" 209 89.5 96 -0.111 -54.07% -10.52% 0.76 -0.122 (0.046)™  0.232
Eastfjords -0.01 (0.01)* 530.5 527.5 624 0.023 17.62% 2.35% -0.01 0.018 (0.019)" 0.096
South coast -0.07 (0.01)* 709 4455 1084 0.061 52.89% 6.25% -0.87 0.031 (0.119)" 0.609

aSignificance levels: ns = not significant, * significant at the 5%, ** 1 % and *** 0.1%, levels respectively

3.3.1 Faxafloi

The largest haul-outs in Faxafléi in 2018 were Akrads and Haffjordur where 86 and 72 seals
were observed respectively. No significant overall trend was observed for the period 2011-
2018, but the number of observed seals decreased from 554.5 to 325 seals during the period.
In the previous period (1980-2006), a significant negative trend was observed. When the
eleven haul-out sites in Faxafloi were analysed separately, there was no significant trend for
any of the sites between 2011 and 2018, while a negative trend was observed in all haul-out
sites except for Akrads, Budavik and Hvalfjordur in the previous period (1980-2006).
Compared with the previous survey of 2016, there was a large decrease in Haffjordur where
only 72 seals were observed in 2018 compared to 271 seals in 2016. Further, the number of
observed seals in Leirarvogur declined from 42 in 2016 to only 1 in 2018. On the other hand,

the number of observed seals increased in Hvalseyjar from 4 in 2016 to 29 in 2018 (Table 3).



Table 3. Trends in abundance of harbour seals for the period 1980-2006 in Faxafl6i (Hauksson 2010) described by exponential
growth rate (Rest), standard error (SE) and significance level®. Number of counted animals from censuses in the period 2011-
2018. The total change between the years 2011 and 2018 calculated as Mills (2012): exponential growth rate (Res™"), linear
percent change (A (%)) and time per capita growth (A (%)). Total trends for the period 2011-2018 calculated by linear
regression models on In transformed counts: adjusted coefficient of determination (Ra¢?), annual growth rate (Rest), standard
error (SE), significance® and residual standard error (RSE).

Tafla 3. Arlegur veldisvéxtur fiélda landsela fyrir timabilid 1980-2006, i ldtrum i Faxafléa (Res: (SE; stadalfrdvik og
marktaekni®)). Fj6ldi taldra landsela timabilid 2011-2018. Breyting & milli drana 2011 og 2018 reiknud med adferd Mills
(2012): veldisvaxtarstudull (Res™™), présentvis breyting (A) og drsvéxtur (A). Heildarbreytingar d timabilinu 2011-2018 metid
med linulegri adhvarfsgreiningu: A6hvarfsgreiningarstudull (Ra), veldisvaxtrastudull (Res: (SE), marktaekni®) og stadalfrdvik
leifa adhvarfsgreiningarinnar (RSE).

Rest (SE)sinificance Total count Res™'s A (%) A (%) Ra®  Rest (SE)sienificance RSE

Haul-out site 1980-2006 | 2011 2014> 2016 2018 2011 vs. 2018 2011 - 2018
1 | Akraés -0.057 (0.03) | 64 19 29 86 0042 3438%  431% | -047  0.033(0.16)™ 0.845
2 | Borgarfisrdur -0.104(0.05) | 31 NA 405 18 -0.078 -41.94%  -7.47% | -0.58  -0.052(0.102)" 0.52
3 | Badavik 0.026(0.07)* | 6 NA 36 22 0.186 266.67% 20.40% | 0.453  0.219 (0.134)™ 0.685
4 | Haffjsrdur -0.053(0.02)° | 339 15 271 72 0221 -78.76% -19.86% | -0.42  -0.111(0.331)" 1.712
5 | Hvalfjsréur -0.039(0.02)* | 35 NA 375 31 -0.017 -11.43%  -1.72% | -0.639 -0.011(0.024)  0.123
6 | Hvalseyjar 0.173(003) | 7 NA 4 29 0.203 314.29% 22.51% | -0.494  0.142 (0.245)™ 1.248
7 | Leirarvogur -0.060(0.02) | 24 NA 42 1 -0.454 -95.83% -36.49% | -0.238  -0.345 (0.440)  2.243
8 | Melar -0.198 (0.04) | 1 NA O 7 0.278  600.00% 32.05% | -0.456  0.198 (0.324)™ 1.651
9 | Myrar 0.143(0.03) | 295 NA 60 47 0.067 59.32%  6.88% | 0313  0.081(0.059)™ 0.299
10 | Hafnarésar -0.070(0.02)" | 155 NA 32 10 -0.063 -35.48%  -6.07% | -0.961 -0.023(0.161)  0.823
11 | W-Snaefellsnes | -0.122(0.02)' | 25 NA 4 2 0.032 -20.00% -3.14% | -0.988 -0.008 (0.098)"  0.499
Faxafl6i total -0.07 (0.01)* | 554.5 556 325 -0.076 -41.39% -7.35% | 0.3  -0.062 (0.06)" 0.30

aSignificance levels: ns = not significant, * significant at the 5%, ** 1 % and *** 0.1%, levels respectively

bThe 2014 census was only partial, so no total numbers are available.

3.3.2 Breidafjordur

The two largest haul-outs in Breidafjordur in 2018 were Bajarvadall (160 seals) and
Leekjarskogarfjorur (114 seals). No significant overall trend was observed in either of the two
periods 1980-2006 or 2011-2018. When analysing the haul-out sites individually, the only site
with a significant trend in the period 2011 to 2018 was Skardsstrond where a negative trend
was observed due to a decrease from 3.5 seals in 2011 no observed seals in 2018. However,
during the previous period there was a significant negative trend in half of the haul-out sites
in Breidafjordur. Compared with the census in 2016, there was a clear decrease at
Leekjarskogarfjorur where 267 seals were observed in 2016 compared to 114 seals in 2018.
However, a clear increase was observed at Fellsstrond, where 10 seals were observed in 2016

compared to 85 seals in 2018, and in Bajarvadall, where 112 seals were observed in 2016 and




160 seals in 2018. An increase was also observed in bdrsnes and surrounding islands from 3

seals in 2016 to 22 seals now (Table 4).

Table 4. Trends in abundance of harbour seals for the period 1980-2006 in Breidafjérdur (Hauksson 2010) described by
exponential growth rate (Rest), standard error (SE) and significance level®. Number of counted animals from censuses in the
period 2011-2018. The total change between the years 2011 and 2018 calculated as Mills (2012): exponential growth rate
(Rest™™s), linear percent change (A (%)) and time per capita growth (A (%)). Total trends for the period 2011-2018 calculated
by linear regression models on In transformed counts: adjusted coefficient of determination (Ra¢?), annual growth rate (Rest),
standard error (SE), significance® and residual standard error (RSE).

Tafla 4. Arlegur veldisvéxtur fiolda landsela fyrir timabilid 1980-2006, i Idtrum i Breidafirdi (Rest (SE; stadalfrdvik og
marktaekni?)). Fjéldi taldra landsela timabilid 2011-2018. Breyting ¢ milli drana 2011 og 2018 reiknud med adferd Mills
(2012): veldisvaxtarstudull (Res™"), présentvis breyting (A) og drsvoxtur (A). Heildarbreytingar d timabilinu 2011-2018 metid
med linulegri aBhvarfsgreiningu: A8hvarfsgreiningarstudull (R.7), veldisvaxtrastudull (Res: (SE), marktaekni®) og stadalfrdvik

leifa adhvarfsgreiningarinnar (RSE).

Rest (SE)significance Total count RestMills A (%) A (%) Rad® Rest (SE)sienificance  RSE

Haul-out site 1980-2006 2011 2014® 2016 2018 2011 vs. 2018 2011 - 2018
12 | Alftafjérour -0.114 (0.02)" 0 NA 11 0 NA NA NA NA NA NA
13 | Bjarneyjar -0.199 (0.05)" 8.5 NA 10 4 -0.108  -52.94%  -10.21% | -0.291  -0.081 (0.109)" 0.556
14 | Brimilsvellir -0.126 (0.02)" 22 NA 2 4 -0.244  -81.82%  -21.61% | 0.425  -0.289 (0.184) 0.935
15 | Baejarvadall -0.021 (0.02)™ 176 75 112 160 -0.014  -9.09% -1.35% | -0.493  -0.009 (0.092) 0.474
16 | Fellsstrond 0.088 (0.03)" 64.5 NA 10 85 0.039 31.78% 4.02% -0.97 -0.040 (0.320) 1.634
17 | Flateyjarlond -0.150 (0.04)" 0 NA 0 2 NA NA NA NA NA NA
18 | Grénes/Hallsteinsnes -0.097 (0.04)" 0 NA 0 12 NA NA NA NA NA NA
19 | Hagadrapssker/Flogur | -0.168 (0.04)" 0 NA 1 17 NA NA NA NA NA NA

Hergilseyjar and
20 | Sandeyjarhdlmi -0.119 (0.07)™ | 12.5 NA 1 5 -0.131  -60.00%  -12.27% | -0.346  -0.203 (0.291) 1.483
21 | Hjardarnes 0.036 (0.06)™ 5.5 NA 3 4 -0.045  -27.27% -4.45% 0.02 -0.060 (0.059)"  0.300
22 | Svefneyjar -0.116 (0.02)" 9 NA 12 8 -0.017  -11.11% -1.67% -1 -0.003 (0.058)™  0.295
23 | Kerlingarfjordur -0.064 (0.04)™ 20 NA 0 2 -0.329  -90.00% -28.03% 0.244 -0.408 (0.318)  1.62
24 | Kroksfjardarnes -0.061 (0.02)" 9.5 NA 1 2 -0.223  -7895%  -19.96% | 0.388  -0.266 (0.177)" 0.902
25 | Laekjarskogarfjorur 0.025 (0.02)™ 181 57 267 114 -0.066  -37.02% -6.39% | -0.499  -0.006 (0.157)" 0.813
26 | Drapsker -0.104 (0.04)" 12 NA 3 3 -0.198  -75.00%  -17.97% | 0.846  -0.213(0.062) 0.314
27 | Raudseyjar -0.141 (0.03)" 2 NA 12 18 0.314 800.00%  36.87% 0.977 0.322(0.346) 0.176
28 | Reykholalond -0.056 (0.03)™ 21 NA 3 15 -0.048 -28.57% -4.69% -0.689 -0.114 (0.265)  1.352
29 | Skardstrond -0.165 (0.08)" 3.5 NA 1 0 NA -100.00% NA 0.988 -0.273 (0.021)* 0.109
30 | Skalanes -0.045 (0.03)™ 2.5 NA 1 0 NA -100.00% NA 0.948 -0.221(0.0363)™ 0.185
31 | Skalmarnes -0.065 (0.05)™ 2.5 NA 9 12 0.224  380.00%  25.12% 0.977 0.230(0.025) 0.127
32 | Skogarstrond -0.148 (0.08)™ 14 NA 1 0 NA -100.00% NA 0.986  -0.486 (0.040) 0.205
33 | bdrsnes and islands -0.019 (0.05)™ 55 NA 3 22 -0.131  -60.00%  -12.27% | -0.443  -0.218 (0.350) 1.787

Breidafjordur total -0.06 (0.01)™ 621 463 489 -0.034  -21.26% -3.36% 0.611  -0.039(0.019) 0.097

aSignificance levels: ns = not significant, * significant at the 5%, ** 1 % and *** 0.1%, levels respectively

bThe 2014 census was only partial, so no total numbers are available.




3.3.3 Westfjords

The largest haul-out sites in the Westfjord in 2018 were Reykjanes, followed by Mjéifjordur,
Borgarey and Laugarbdl. No significant overall trend was observed in either of the two
periods, 1980-2006 and 2011-2018. When analysing the haul-out sites individually, the only
site with a significant trend between 2011 and 2018 was Mjéifjordur, where a 39.5% annual
increase was observed. In Adalvik 15 harbour seals were counted in 2011, but no seals were
observed in 2018. In the previous period (1980-2006), a significant negative trend was
observed in three of the haul-out sites (Vogasker, Jokulfirdir and Reykjanes). In 2016, 64 seals
were observed in Jokulfirdir, while only 5 seals were observed in 2018. A large decrease was
also observed for Vogasker (from 80 to 46 seals). Increases were observed in Reykjanes,

Laugabdl and in Mjéifjordur (Table 5).

Table 5. Trends in abundance of harbour seals for the period 1980-2006 in the Westfjords (Hauksson 2010) described by
exponential growth rate (Rest), standard error (SE) and significance level®. Number of counted animals from censuses in the
period 2011-2018. The total change between the years 2011 and 2018 calculated as Mills (2012): exponential growth rate
(Rest™™), linear percent change (A (%)) and time per capita growth (A (%)). Total trends for the period 2011-2018 calculated
by linear regression models on In transformed counts: adjusted coefficient of determination (Ra¢?), annual growth rate (Rest),
standard error (SE), significance® and residual standard error (RSE).

Tafla 5. Arlegur veldisvéxtur fiélda landsela fyrir timabilid 1980-2006, i Idtrum & Vestfjordum (Res: (SE; stadalfrdvik og
marktaekni?)). Fjéldi taldra landsela timabilid 2011-2018. Breyting ¢ milli drana 2011 og 2018 reiknud med adferd Mills
(2012): veldisvaxtarstudull (Rest), présentvis breyting (A) og drsvéxtur (A). Heildarbreytingar d timabilinu 2011-2018 metié
med linulegri aBhvarfsgreiningu: A8hvarfsgreiningarstudull (R.7), veldisvaxtrastudull (Res: (SE), marktaekni®) og stadalfrdvik
leifa adhvarfsgreiningarinnar (RSE).

Rest (SE)sienificance Total count RestMills A (%) A (%) Rad? Rest (SE)sienificance RSE

Haul-out site 1980-2006 2011 2014 2016 2018 2011 vs. 2018 2011-2018
34 | Adalvik -0.034 (0.04)™ 15 NA 3 0 NA -100.00% NA 0.854 -0.454 (0.128)" 0.65
35 | Borgarey -0.073 (0.04)™ 82 46 925 109 0.041 32.93% 4.15% -0.198 0.056 (0.079)™ 0.51
36 | Laugabal -0.011 (0.04)™ 52 28 775 100 0.093 92.31% 9.79% 0.08 0.116 (0.103)™ 0.532
37 | Greenahlid -0.054 (0.06)" 0 NA 0 0 NA NA NA NA NA NA
38 | Vogasker -0.078 (0.02)" 90 NA 80 46 -0.096 -48.89% -9.14% 0.36 -0.082 (0.056)" 0.287
39 | Jokulfirgir -0.088 (0.04)" 14 NA 64 5 -0.147 -64.29%  -13.68% -0.942 -0.060 (0.351)  1.788
40 | Mjoifjorour -0.014 (0.02)™ 11.5 55 86 118 0.333 926.09%  39.46% 0.89 0.333 (0.066)* 0.342

Patreksfjordur-
41 | Talknafjérour 0.072 (0.03)™ 0 0 10 0 NA NA NA NA NA NA
42 | Reykjanes -0.048 (0.02)" 206 56 106 137 -0.058 -33.50%  -5.66% -0.413 -0.044 (0.126)  0.649
43 | Sigandafjordur -0.045 (0.07)" 0 NA 0 0 NA NA NA NA NA NA
44 | Vatnsfjardarnes 0.019 (0.03)™ 177 47 71.5 91 -0.095 -48.59% -9.07% -0.178 -0.086 (0.116)" 0.602
45 | Ogurnes 0.023 (0.02)™ 149 83 88.5 77 -0.094 -48.32% -9.00% 0.656 -0.088 (0.034)" 0.176
46 | Onundarfjérdur | -0.061 (0.04)™ 0 NA 6 0 NA NA NA NA NA NA

Westfjords total -0.02 (0.01)™ | 796.5 685 683 -0.022 -14.25%  -2.17% 0.863 -0.024 (0.006)  0.032

aSignificance levels: ns = not significant, * significant at the 5%, ** 1 % and *** 0.1%, levels respectively

bThe 2014 census was only partial, so no total numbers are available.
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3.3.4 Northwest

In the Northwest region, the largest haul-out sites in 2018 were Vatnsnes, West-Hrutafjordur
and Sigridarstadads. In total, the number of seals decreased from 1461.5 seals in 2011 to 867
seals in 2018. However, a linear regression analysis did not reveal a significant overall
negative trend for periods 2011-2018. Similaly, no significant trend was detected for the
earlier period (1980-2006). When individual sites were analysed, the only significant negative
trend over the period 2011-2018 was found for Drangar, Drangavik and Bjarnavik, where the
annual decrease was estimated to be 12%. In Vatnsnes, 256 seals were observed in 2018,
compared to 556.5in 2011 and 179.5 in 2016. In Drangsnes, no seals were observed in 2011,
while 20 seals were observed in 2018. A large increase between 2011 and 2018 was also
observed in Munadanessker (30% annually, corresponding to 3.5 seals in 2011 and 22 seals
in 2018). In Reykjafjardarsker a decrease was observed between 2016 (41.5) and 2018, when
no seals were observed there. In Furufjordur, a higher number of seals was also observed in
2016 (54.5 seals) than in 2018 (16 seals). However, at most haul-out sites in the Northwestern
region, a higher number of seals was observed in 2018 than in 2016. For example, in W-
Hrutafjordur, 100 seals were observed in 2018, while only 12 seals were observed in 2016.
(Table 6).
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Table 6. Trends in abundance of harbour seals for the period 1980-2006 in the North west (Hauksson 2010) described by
exponential growth rate (Rest), standard error (SE) and significance level>. Number of counted animals from censuses in the
period 2011-2018. The total change between the years 2011 and 2018 calculated as Mills (2012): exponential growth rate
(Rest™™s), linear percent change (A (%)) and time per capita growth (A (%)). Total trends for the period 2011-2018 calculated
by linear regression models on In transformed counts: adjusted coefficient of determination (Raq4?), annual growth rate (Rest),
standard error (SE), significance® and residual standard error (RSE).

Tafla 6. Arlegur veldisvéxtur fiélda landsela fyrir timabilid 1980-2006, i Idtrum & Nordvesturlandi (Res: (SE; stadalfrdvik og
marktaekni®)). Fj6ldi taldra landsela timabilid 2011-2018. Breyting & milli drana 2011 og 2018 reiknud med adferd Mills
(2012): veldisvaxtarstudull (Res™™), présentvis breyting (A) og drsvéxtur (A). Heildarbreytingar d timabilinu 2011-2018 metid
med linulegri adhvarfsgreiningu: A6hvarfsgreiningarstudull (Ra), veldisvaxtrastudull (Res: (SE), marktaekni®) og stadalfrdvik
leifa adhvarfsgreiningarinnar (RSE).

(SE)::;‘S‘:“'°“"‘° Total count ReseMills A (%) A (%) Rad? Rest (SE)significance  RSE
Haul-out site 1980-2006 2011 2014> 2016 2018 2011 vs. 2018 2011 - 2018
47 | Eyjar -0.087 (0.02)" 14 8 1 36 0.135 157.14% 14.44% -0.5 0.007 (0.359)™ 1.86
South-
48 | Bjarnarfjordur -0.022 (0.04)™ 5 5 2 17 0.175 240.00% 19.10% -0.31 0.106 (0.194)  1.00
49 | Furufjordur -0.037 (0.03)™ 8 NA 54.5 16 0.099 100.00% 10.41% -0.349 0.154 (0.221)™ 1.13
Drangar-
Drangavik-
50 | Bjarnavik -0.027 (0.02)™ 37.5 33 22.5 15 -0.131 -60.00%  -12.27% 0.86 -0.13 (0.030)*  0.157
51 | Drangsnes 0.039 (0.02)" 0 NA 11 20 NA NA NA 0.967 0.544 (0.071) 0.362
52 | Eyjarey -0.057 (0.02)" 20 NA 0 12 -0.073 -40.00%  -7.04% | -0.738  -0.201(0.517)  2.64
53 | Vatnsnes -0.018 (0.03)™ | 556.5 76 179.5 256 -0.111 -54.00%  -10.50% | -0.336  -0.091(0.185) 0.955
54 | Heggstadanes -0.009 (0.03)™ 43 60 11.25 62 0.052 44.19% 5.37% -0.48 -0.028 (0.189)  0.98
55 | Horn - Straumnes | 0.006 (0.08)™ 0 NA 0 0 NA NA NA NA NA NA
56 | Kollafjordur -0.022 (0.02)™ 53 16 44 74 0.048 39.62% 4.88% -0.368  0.065(0.149) 0.772
57 | Munadarnessker 0.041 (0.05)" 3.5 13 5.5 22 0.263 528.57% 30.03% 0.34 0.208 (0.130) 0.674
58 | Litla Avik -0.025 (0.04)"s 24 35 54 37 0.062 54.17% 6.38% 0.276 0.080 (0.055)  0.282
59 | Ofeigsfjérdur -0.041 (0.04) 75 55 35 60 -0.032 -20.00% -3.14% | -0.119  -0.054 (0.065)™ 0.338
60 | Reykjarfjardarsker | -0.035 (0.05)" | 49.5 23 41.5 0 NA -100.00% NA 0.347  -0.545(0.338)* 1.75
South-
61 | Reykjafjordour -0.026 (0.04)™ 0 NA 7 0 NA NA NA NA NA NA
62 | Siglufjorour -0.056 (0.04)™ 0 NA 0 0 NA NA NA NA NA NA
63 | Sigridarstadads -0.004 (0.10)™ | 211.5 88 82.5 86 -0.129 -59.34%  -12.06% | 0.576  -0.129 (0.057) 0.295
64 | Skagi -0.036 (0.02)™ 110 NA 52.5 48 -0.118 -56.36% -11.17% 0.934 -0.124 (0.023) 0.117
65 | Skjaldarbjarnarvik | -0.019 (0.05)" 325 NA 0 6 -0.241 -81.54%  -21.44% | -0.255  -0.356 (0.461)  2.35
66 | W-Hrutafjordur -0.023 (0.03)™ | 218.5 66 12 100 -0.112 -54.23%  -10.57% | -0.155  -0.197 (0.255)  1.32
North west total -0.02 (0.01)™ | 1461.5 615.75 867 -0.075 -40.68% -7.19% 0.20 -0.094 (0.076)  0.39

aSignificance levels: ns = not significant, * significant at the 5%, ** 1 % and *** 0.1%, levels respectively

bThe 2014 census was only partial, so no total numbers are available.
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3.3.5 Northeast

The largest haul-out sites in the Northeast in 2018 were Bakkahlaup and Skjalfandafljot with
50 and 37 seals, respectively. The total number of seals in the area decreased from 209 seals
in 2011 to 96 seals in 2018, however no significant overall trend was observed in either of the
two periods (1980-2006 and 2011-2018). In general, few harbour seals are found in this area.
When analysing the haul-out sites individually, significant negative trends were observed in
Melrakkaslétta, Skjalfandafljot and Tjornes during the earlier period, while no significant
trends were observed for any of the haul-out sites in the later period. Both Bakkahlaup and
Skjalfandafljét had similar numbers in 2018 as in 2016. In 2011, 164 seals were however

observed in Bakkahlaup, but only 15 seals in Skjalfandafljét (Table 7).

Table 7. Trends in abundance of harbour seals for the period 1980-2006 in the North east (Hauksson 2010) described by
exponential growth rate (Rest), standard error (SE) and significance level®. Number of counted animals from censuses in the
period 2011-2018. The total change between the years 2011 and 2018 calculated as Mills (2012): exponential growth rate
(Rest™™s), linear percent change (A (%)) and time per capita growth (A (%)). Total trends for the period 2011-2018 calculated
by linear regression models on In transformed counts: adjusted coefficient of determination (Ra¢2), annual growth rate (Rest),
standard error (SE), significance® and residual standard error (RSE).

Tafla 7. Arlegur veldisvéxtur fiélda landsela fyrir timabilid 1980-2006, i Idtrum & Nordausturlandi (Res: (SE; stadalfrdvik og
marktaekni®)). Fjéldi taldra landsela timabilid 2011-2018. Breyting d milli drana 2011 og 2018 reiknud med adferd Mills
(2012): veldisvaxtarstudull (Res?), présentvis breyting (A) og drsvéxtur (A). Heildarbreytingar d timabilinu 2011-2018 metié
med linulegri adhvarfsgreiningu: ABhvarfsgreiningarstudull (R.i?), veldisvaxtrastudull (Res: (SE), marktakni®) og stadalfrdvik
leifa adhvarfsgreiningarinnar (RSE).

Rest (SE)sienificance Total count REGUE A (%) A(%) | Ra®  Rest(SE)enificance  RSE

Haul-out site 1980-2006 | 2011 2014® 2016 2018 2011 vs. 2018 2011 - 2018
67 | Bakkahlaup -0.017(0.02) | 164 NA 53 50 -0.170 -69.51% -15.61% | 0.889  -0.181(0.044) 0.223
68 | Eyjafjraur 0.027 (0.04) | 2 NA 0 0 NA -100.00% NA NA NA NA
69 | Melrakkaslétta | -0.072(0.03)" | 21 NA 5 4 -0.237 -80.95% -21.09% | 0.951  -0.246 (0.039)™ 0.199
70 | skjalfandafljét -0.063(0.02)" | 15 NA 315 37 0.129 146.67% 13.77% | 0.974  0.133(0.0151) 0.077
71 | Tjérnes -0.131(0.05)" | 0 NA 0 1 NA NA NA NA NA NA
72 | bistilfjéraur 0.033(0.09) | 7 NA 0 4 -0.080 -42.86% -7.68% | -0.629  -0.166 (0.348) 1.775
North east total | -0.04(0.01) | 209 NA  89.5 9% -0.111 -54.07% -10.52% | 0.758  -0.122 (0.046)" 0.232

aSignificance levels: ns = not significant, * significant at the 5%, ** 1 % and *** 0.1%, levels respectively

bThe 2014 census was only partial, so no total numbers are available.

3.3.6 Eastfjords

The largest haul-out site in the Eastfjords in 2018 was Jokla with 303 observed seals, followed
by Alftafjordur (133 seals) and Berufjordur (99 seals). An overall significant negative trend was
observed between 1980 and 2006, while no overall significant trend was observed for the
later period 2011 to 2018. When analysing the haul-out sites individually, a significant positive
trend was observed for Berufjordur, while a negative trend was observed for Husavik. The

haul-out site Dalatangi had 27 seals in 2011, but zero in year 2018. In the earlier period, a
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negative significant trend was observed in five out of the ten haul-out sites in the Eastfjords.
The largest numerical change between 2016 and 2018 occurred in Jokla, where the number

of observed seals increased from 243 to 303 seals (Table 8).

Table 8. Trends in abundance of harbour seals for the period 1980-2006 in the Eastfjords (Hauksson 2010) described by
exponential growth rate (Rest), standard error (SE) and significance level®. Number of counted animals from censuses in the
period 2011-2018. The total change between the years 2011 and 2018 calculated as Mills (2012): exponential growth rate
(Rest™™s), linear percent change (A (%)) and time per capita growth (A (%)). Total trends for the period 2011-2018 calculated
by linear regression models on In transformed counts: adjusted coefficient of determination (Ra4?), annual growth rate (Rest),
standard error (SE), significance® and residual standard error (RSE).

Tafla 8. Arlegur veldisvoxtur fislda landsela fyrir timabilid 1980-2006, i ldtrum & Austurlandi (Res: (SE; stadalfrdvik og
marktaekni®)). Fj6ldi taldra landsela timabilid 2011-2018. Breyting & milli drana 2011 og 2018 reiknud med adferd Mills
(2012): veldisvaxtarstudull (Res™™), présentvis breyting (A) og drsvéxtur (A). Heildarbreytingar d timabilinu 2011-2018 metid
med linulegri aBhvarfsgreiningu: A6hvarfsgreiningarstudull (R.f), veldisvaxtrastudull (Res: (SE), marktaekni®) og stadalfrdvik
leifa adhvarfsgreiningarinnar (RSE).

Rest (SE)sienificance Total count Res™s A (%) A (%) Rad? Rest (SE)sienificance  RSE
Haul-out site 1980-2006 2011 2014 2016 2018 2011 vs. 2018 2011 - 2018
73 | Alftafjorur -0.043 (0.02) | 1185 NA 1305 133 0.016  12.24% 1.66% 0.968 0.017 (0.002)  0.011
74 | Bakkafloi -0.071 (0.02)" 2 NA 2 10 0.230  400.00%  25.85% | 0.038 0.186 (0.179)  0.911
75 | Berufjordur 0.058 (0.04) 40 NA 72 99 0.129  147.50%  13.82% 0.99 0.127 (0.009)*  0.047
76 | Breiddalsvik -0.085 (0.02)" 9 NA 0 17 0.091 88.89% 9.51% -0.99 -0.038 (0.520)  2.651
77 | Dalatangi -0.097 (0.01)" 27 NA 1 0 NA -100.00% NA 0.972 -0.587 (0.069)"  0.354
78 | Eystrahorn -0.143 (0.03)" 0 NA 2 0 NA NA NA NA NA NA
79 | Héradsfloi -0.008 (0.02)™ | 71.5 NA 725 56 -0.035 -21.68%  -3.43% | -0.057 -0.028 (0.029)  0.149
80 | Husavik 0.044 (0.07)™ 14 NA 7 5 -0.147  -64.29%  -13.68% | 0.996 -0.146 (0.007)*  0.034
81 | Jokla 0.019 (0.03)" |248.5 NA 243 303 0.028  21.93% 2.87% -0.146 0.022 (0.026)  0.13
Lodmundar-
82 | Seydisfjordur -0.111 (0.04)" 0 NA 0 1 NA NA NA NA NA NA
Eastfjords total -0.01 (0.01)* 530.5 NA 528 624 0.023 17.62% 2.35% -0.011 0.018 (0.019)" 0.096

aSignificance levels: ns = not significant, * significant at the 5%, ** 1 % and *** 0.1%, levels respectively

bThe 2014 census was only partial, so no total numbers are available.

3.3.7 South coast

The largest haul-outs on the South coast were Fjallsarés with 366 seals, followed by Oraefi,
Skaftaros and Kudafljot with 280, 130, 118 observed seals respectively. On the South coast,
an overall significant negative trend was observed between 1980 and 2006, while no overall
significant trend was observed for the later period (2011-2018). The number of observed seals
was, however, higher in 2018 (1084 seals) compared to 2011 (709 seals) and 2016
(445.5 seals). When analysing the haul-out sites individually, a significant positive trend was
observed for Selvogur between 2011 and 2018. In the earlier period, significant decreasing

trends were observed in six of the 16 haul-out sites. Interestingly, in several of the haul-out
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sites where colonies were observed in 2018 (Skaftards, Vigur i Loni and Papds and skerries)
no seals were observed in 2016. Further, in Oraefi and Fjallsarés large increases were observed
since the 2016 census (Table 9).

Table 9. Trends in abundance of harbour seals for the period 1980-2006 on the South coast (Hauksson 2010) described by
exponential growth rate (Rest), standard error (SE) and significance level®. Number of counted animals from censuses in the
period 2011-2018. The total change between the years 2011 and 2018 calculated as Mills (2012): exponential growth rate
(Rest™™s), linear percent change (A (%)) and time per capita growth (A (%)). Total trends for the period 2011-2018 calculated
by linear regression models on In transformed counts: adjusted coefficient of determination (Ra¢2), annual growth rate (Rest),
standard error (SE), significance® and residual standard error (RSE).

Tafla 9. Arlegur veldisvoxtur fyrir timabilid 1980-2006, i Idtrum & Sudurlandi (Res: (SE; stadalfrdvik og marktaekni®)). Fjoldi
taldra landsela timabilid 2011-2018. Breyting d milli drana 2011 og 2018 reiknud med adferd Mills (2012): veldisvaxtarstudull
(Rest™™), présentvis breyting (A) og drsvéxtur (A). Heildarbreytingar & timabilinu 2011-2018 metid med linulegri
adhvarfsgreiningu: A8hvarfsgreiningarstudull (R.i), veldisvaxtrastudull (Rest (SE), marktaekni®) og stadalfrdvik leifa

adhvarfsgreiningarinnar (RSE).

Rest (SE)significance Total count RestMills A (%) A (%) Rad? Rest (SE)sienificance  RSE
Haul-out site 1980-2006 2011 2014®* 2016 2018 2011 vs. 2018 2011 - 2018
83 | Skaftards -0.105 (0.04)° 90.5 NA 0 130 0.052 43.65% 5.31% -0.933 -0.158 (0.848)  4.325
84 | Eyrarbakki/Stokkseyri -0.030 (0.05) 6 NA 11 16 0.140 166.67% 15.04% 0.977 0.136 (0.015)  0.075
85 | Fjallsards -0.067 (0.04)™ | 219.5 NA 2195 366 0.073 66.74% 7.58% | 0.0385 0.059 (0.057)™  0.290
86 | Hestgerdirlon -0.142 (0.05)" 12 NA 8.5 16 0.041 33.33% 4.20% -0.897 0.020 (0.086)  0.436
87 | Oreefi 0.019(0.11)™ | 1645 NA 48 280 0.076 70.21% 7.89% -0.994 0.014 (0.251)  1.28
88 | Hornafjorour -0.185 (0.17) 6 NA 28.5 6 0.000 0.00% 0.00% -0.885 0.060 (0.242)"  1.235
89 | Hrollaugseyjar-Tvisker 0.017 (0.06)" 0 NA 4 0 NA NA NA NA NA NA
90 | Kudafljét -0.062 (0.01)" 95.5 39 87 118 0.030 23.56% 3.07% -0.377 0.046 (0.11)  0.569
91 | Landeyjarsandur -0.192 (0.04)" 1 NA 0 0 NA -100.00% NA NA NA NA
92 | Markarfljot -0.067 (0.02)" 14.5 7 5 39 0.141 168.97%  15.18% | -0.3665 0.091 (0.206)"  1.063
93 | Papds and skerries -0.065 (0.05) | 12.5 NA 0 30 0.125 140.00%  13.32% | -0.997 -0.023 (0.598)"  3.047
94 | Vestmannaeyjar -0.093 (0.05)" 2 NA 0 0 NA -100.00% NA NA NA NA
95 | Vigur i I6ni -0.154 (0.04)" 7.5 NA 0 21 0.147 180.00% 15.85% -0.998 0.015 (0.535)™ 2.73
96 | bjorsa -0.009 (0.02)" 62 10 9 29 -0.109 -53.23%  -10.29% | -0.227 -0.131(0.197)  1.019
97 | Selvogur -0.054 (0.04) 4 NA 19 30 0.288 650.00%  33.35% | 0.992 0.292 (0.018)*  0.094
98 | Olfusa -0.011 (0.06) | 11.5 10 4 3 -0.192 -7391%  -17.47% | 0.816 -0.209 (0.055)  0.286
South coast total -0.07 (0.01)* 709 4455 1084 0.061 52.89% 6.25% -0.873 0.031(0.119)"  0.609

aSignificance levels: ns = not significant, * significant at the 5%, ** 1 % and *** 0.1%, levels respectively

bThe 2014 census was only partial, so no total numbers are available.
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4. Discussion

4.1 Status of the population and population trends

Globally, the current status of harbour seal populations vary, with some regions experiencing
declines while populations in other areas are increasing (Lowry 2016). The census of 2018
revealed a total count of 4,168 harbour seals around the Icelandic coast, which resulted in an
estimated population size of 9,434 animals. The estimated population size was 72% smaller
than the first estimate from 1980, despite an observed increase of 23% since the last census
was undertaken in 2016. The results presented in the current report suggest a 94% probability
that the population is below the threshold level of the governmentally issued management
objective for a minimum population size of 12,000 animals (NAMMCO 2006). The population
estimate reported here is 21% lower than this management objective. The status of the
harbour seal population on the Icelandic national redlist should be re-evaluated based on the
results presented in this report. It should be underlined that since the population is below the
management objective, actions should be taken to improve the conservation status of the

population.

As reported, the Icelandic harbour seal population is clearly smaller now than when censuses
commenced four decades ago. The trend analysis suggests that the four decades can be
divided into a period of decline from 1980 to 2006 and a period of stability at a minimal stock
level from 2006 to 2018. In the earlier period (1980-2006), a highly significant decline was
observed for the population in total, most of the decline occurring in the first decade of the
period (1980-1989). The coastal areas Faxafléi, Eastfjords and South coast all experienced
significant declines during the earlier period. When the recent period (2011-2018) was
examinated, no significant trend was found for the whole coastline in total (whole
population), nor for any of the seven costal areas separately (Figure 1). Overall, historically
low numbers were observed in the census of 2016, but already in the partial census of 2014,
indications of a severe decrease had been observed (Granquist et al. 2014, bdrbjérnsson et
al. 2017). However, due to the observed increase between 2016 and 2018, the declining trend
did not seem to continue, which indicates that the population currently seems to fluctuate
around a historical minimum stock size. Between the last two censuses in 2016 and 2018 the
discrete time per capita growth rate (A) was estimated at 11.04%. If the high growth rate
persists, the Icelandic harbour seal population would reach the management objective of 12

thousand animals in only 3 years.

When local trends in the different haul-out sites were examinated, very few significant trends
were observed for the period 2011-2018. No significant trends were found for this period in

any of the individual haul-out sites in Faxafléi and the North-east coast. Significant trends
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were observed in one haul-out site in Breidafjordur (decreasing trend in Skardsstrénd), in the
Westfjords (increasing trend in Mjoifjordur), in the North-west (decreasing trend in the area
Drangar, Drangavik, Bjarnavik) and on the South coast (increasing trend in Selvogur). In the
Eastfjords, significant trends were observed in two haul-out sites (decreasing trend in Husavik
and increasing trend in Berufjordur). When figures observed in 2018 were compared to 2016,
the largest change occurred on the south coast where the number of observed seals more
than doubled. The reason for this is unclear but random disturbance could have caused the
seals to move into the water prior to the overflight in 2016, which would reduce the possibility
for observers to detect them. Due to increased tourism on the Icelandic coast, human
disturbance has the potential to affect the counting results, especially since only one
overflight is made in most of the survey areas. Two to three overflights stabilize the results of
aerial surveys. Hence, to increase the significance of the results, three overflights in each

survey-year (Teilman et al. 2010) is recommended (see section 4.3).

The distribution of harbour seals around the coastal areas of Iceland seems to be rather
stable, supporting earlier findings of strong site fidelity of harbour seals (Yochem et al. 1987).
The same haul-out sites have been occupied almost every survey-year. This is in accordance
with research on the movements of individual harbour seals showing that harbour seals are

loyal to their breeding, resting and moulting-sites (Thompson 1989).
4.2 Factors affecting population trends

Factors contributing to the status and wellbeing of the Icelandic harbor seal population are
poorly understood, although numerous factors have potential to contribute to fluctuations in
the population, such as hunting and bycatch, prey availability, environmental changes,

diseases and anthropogenic disturbance (Granquist et al. 2014, Lowry 2016).
4.2.1 Seal removals: hunting, culling and bycatch

Traditionally, harbour seals were considered an important resource and were hunted for
consumption or utilization of skins, but today hunting for subsistence has declined to low
numbers in Iceland and the fur trade has ceased (Marine Research Institute 2016). In the
1980s, a bounty system for harbour seals was initiated with the purpose of decreasing the
seal population to reduce interactions with the fishing industry as well as to prevent spreading
of the sealworm (Pseudoterranova decipiens) of which harbour seals are the final host. The
parasite can end up in the flesh of fish, mainly in the economically important Atlantic cod, and
thereby reduce the value of the fish (Olafsdéttir 2001; Mcclelland 2007). Recently, the main
direct removal of harbour seals is culling in the estuaries of salmonid rivers, where the aim is
to reduce the potential effect that harbour seal predation is believed to have on the

economically valuable salmon, trout and charr populations (Granquist 2016; Granquist and
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Hauksson 2016b). No quota or compulsory registration system pertaining to seal
hunting/culling has yet been established in Iceland. The lack of such a system complicates
hunting management and data collection on hunting statistics (Granquist and Hauksson
2016c).

The data presented in the current report shows that the largest decline in the harbour seal
population occurred in the early period (1980-2006), especially in the beginning, coinciding
with the period when seals were hunted and culled to a larger extent than in recent years.
Although direct exploitation (hunting and culling) has largely decreased in the latter period
(2011-2018), a large mortality risk caused by human activities is bycatch in fishing gear
(Porbjornsson et al. 2017, Marine and Freshwater Research Institute 2018), mainly in the
lumpsucker and cod gillnet fisheries. According to Icelandic law, all by-caught marine
mammals and birds should be reported to authorities. However, recently published data
suggests that only a portion of by-caught seals are reported by the industry (Olafsdéttir 2010,
Marine and Freshwater Research Institute 2018). Although hunting and bycatch have been
mentioned as potential population limiting factors (Granquist et al. 2011), data to quantify
the magnitude of affected animals is scarce and improved data collection to better

understand anthoroplogical effects on marine populations is advised.
4.2.2 Other factors

Little is known about how environmental changes—such as increased sea temperature and
variations in, for example, prey availability—affects population trends. Although harbour
seals are considered generalist predators, and hence may not be as vulnerable to changes in
stocks of particular prey species as specialist predators, the effects of variation in prey

availability on the Icelandic harbour seal population need to be further investigated.

Increasing tourism in Iceland has led to an increase in people visiting remote areas, which can
possibly disturb harbour seals during sensitive periods such as the moulting and breeding
periods. It is well known that anthropogenic disturbance, for example due to seal watching
activities, can have an impact on seals physiologically, as well as affect their behaviour and
distribution, which in turn may reduce the fitness of the seals, both at an individual and at a
population level (see for example Granquist and Sigurjénsdottir 2014). Such effects should be

kept in mind when managing seal populations in Iceland.

In addition to the factors described above, which have the potential to affect population
trends directly, there is a pressing need to increase knowledge of factors pertaining to stock
identity, population demographics, as well as components indirectly affecting fecundity and
pup survival. Very scarce knowledge on these subjects exists for the Icelandic harbour seal

population, which complicates population management.
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4.3 Methodological considerations

A limitation to the methods used when estimating the Icelandic harbour seal population size
is that the estimate is built on a single aerial survey of the Icelandic coastline, which impedes
highly accurate population estimates and trend analyses. Due to varios reasons, seals might
be overseen by observers during an overflight, for example due to unexpected temporal local
visuability difficulties (such as sunshine or fog) which may ultimately bias the population
estimate. Disturbance, for example anthropogenic disturbance due to the increase in the
Icelandic tourism industry, can also cause seals to temporally move into the water and be
totally submerged, which reduces the possibility to detect the seals from air. A higher survey
frequency with three replicates each time would provide more accurate results and be better
suited to detect population trends because of increased statistical power (Teilmann et al.
2010). For all conducted harbour seal censuses except the census in 2011, funding has been
unavailable for this procedure. The current monitoring schedule, involving only one overflight
of the coastline every other year, has been deemed to facilitate a sufficient balance of cost
and statistical power. To increase the significance of our results, annual surveys or bi-annual

surveys with three replicates is recommended.

The fact that pinniped censuses are based on the number of hauled-out animals presents a
potential bias since a portion of the population can be submerged during the time of the
overflight. Several factors that are known to affect haul-out patterns of harbour seals
including the weather (Kreiber and Barrette 1984, Watts 1992), tidal cycle (Schneider and
Payne 1983, Thompson and Miller 1990, Granquist and Hauksson 2016a), time of day and
often annual variations have been described (Stewart 1984, Thompson 1989, Thompson et
al. 1989, Granquist and Hauksson 2016a). To minimise the effects of these factors, the survey
flight is only conducted in standardized weather and tidal conditions (see methods). Further,
to compute a population estimate, a correction factor was applied to account for
environmental factors, visibility from air and submerged animals. The population estimate is
hence in part based on the validity of the correction factor used. Correction factors have not
yet been optimized for Icelandic conditions, but since the same correction factors have been
used since 2006, the current estimate is as comparable to all estimates made since 2006 as
currently is possible. Further consideration should be made to develop correction factors

based on Icelandic conditions.
4.4 Future prospective

The poor understanding of factors affecting the population trends, combined with the
sensitive conservation status of the Icelandic harbour seal population, calls for further

assessment of mortality by direct and indirect removals. However, management of the
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harbour seal population is not only related to removals. An important aspect is increased
research regarding anthropogenic disturbace and assessment of the need for the
establishment of protected areas with absence of disturbance encompassing important haul-
out sites. A few of the important haul-out sites are remote and already difficult to access,
except by helicopter. Such places already form natural seal sanctuary sites. Further, we
recommend future research regarding factors affecting population fluctuations, such as
climate change and variation in prey availability. Moreover, increased monitoring of
population demographic factors, pup production, pup survival, fecundity and age distribution

in the population is urgent.

5. Acknowledgements

Thanks to borsteinn Sigurdsson, Sverrir Daniel Halldérsson and Eric dos Santos for valuable

comments.

20



6. References

Granquist, S.M. & Hauksson, E. (2016a). Seasonal, meteorological, tidal and diurnal effects on haul-out patterns
of harbour seals (Phoca vitulina) in Iceland. Polar Biology 31: 1-13.

Granquist, S.M. & Hauksson, E. (2016b). Diet of harbour seals in a salmon estuary in North-West Iceland.
Icelandic Agricultural Science 29: 7-19.

Granquist, S.M. & Hauksson, E. (2016c). Management and status of harbour seal population in Iceland 2016:
Catches, population assessments and current knowledge. Institute of Freshwater Fisheries. VMST/16024. 12pp.

Granquist, S.M., Hauksson, E., Arnadéttir, A.B. & Kasper, J. (2011). Landselstalning ur lofti ¢rid 2011: Framvinda
og nidurstédur. Institute of Freshwater Fisheries. VMST/11051. 24pp.

Granquist S.M., Hauksson, E. &Stefansson, T. (2014). Landselstalning drid 2014-Notkun Cessna yfirvaengju
flugvélar, pyrilvaengju og émannads loftfars (flygildi) vid talningu landsela ur lofti. Institute of Freshwater
Fisheries. VMST/15002. 28pp.

Granquist, S.M. (2016). Ecology, tourism and management of harbour seals (Phoca vitulina). (Doctoral
dissertation). Retrieved from http://su.diva-portal.org/smash/record.jsf?pid=diva2%3A1040084&dswid=7538

Granquist, S.M. & Sigurjonsdottir, H. (2014). The effect of land based seal watching tourism on the haul-out
behaviour of habour seals (Phoca vitulina) in Iceland. Applied Animal Behavior Science 156: 86-93.

Hauksson, E. (2010). Monitoring trends in the abundance of harbour seals (Phoca vitulina) in Icelandic waters.
NAMMCO Scientific Publications 8: 227-244.

Hauksson, E. & Einarsson, S.T. (2010). Historical trend in harbour seal (Phoca vitulina) abundance in Iceland back
to the year 1912. NAMMCO Scientific Publications 8: 147-160.

Kreiber, M. & Barrette, C. (1984). Aggregation behaviour of harbour seals at Forillon National Park, Canada.
Journal of Animal Ecology 53: 913-928.

Lowry, L. (2016). Phoca vitulina, Harbor Seal. The IUCN Red list of threatened species 2016.

Marine and Freshwater Research Institute. (2018). Bycatch of seabirds and marine mammals in lumpsucker
gillnets 2014-2017. Tech-report, 16pp. https://www.hafogvatn.is/static/files/skjol/techreport-bycatch-of-
birdsand-marine-mammals-lumpsucker-en-final-draft.pdf. Retrived 1 December 2018.

Marine Research Institute. (2016). State of Marine Stocks in Icelandic Waters 2015/2016 and Prospects for the
Quota Year 2016/2017. Marine Research Institute, Fj6lrit 185. 159pp.

Mcclelland, G. (2007). The trouble with sealworms (Pseudoterranova decipiens species complex, Nematoda): a
review. Parasitology 124: 183-203.

Mills, L.S. (2012). Conservation of Wildlife Populations: Demography, Genetics, and Management, 2" edition.
Wiley Blackwell. pp. 92-113.

NAMMCO. (2006). NAMMCO annual report 2006. North Atlantic Marine Mammal Commission. Tromsg, Norway.
277 pp.

Olafsdéttir, D. (2010). Report on monitoring of marine mammal by-catch in Icelandic fisheries, statistics for 2009
and review of previous information. North Atlantic Marine Mammal Commission, NAMMCO SC/17/16. 15pp.

Olafsdéttir, D. (2001). Review of the ecology of sealworm, Pseudoterranova sp(p) (Nematoda: Ascaridoidea) in
Icelandic waters. NAMMCO Scientific Publications 3: 95-111.

Schneider, D.C., & Payne, P.M. (1983). Factors affecting haul-out of harbour seals at a site in southeastern
Massachusetts. Journal of Mammalogy 64: 305-520.

Sokal, R.R., & Rohlf, F.J. (1997). Biometry (3" edition). W.H. Freeman & Co. New York, 887pp.

Stewart, B.S. (1984). Diurnal hauling pattern of harbour seals at San Miguel Island, California. Journal of Wildlife
Management 48: 1459-1461.

Teilmann, J., Rigét, F. & Harkonen, T. (2010). Optimizing survey design for Scandinavian harbour seals:
population trend as an ecological quality element. ICES Journal of Marine Science 67: 952-958.

Thompson, P.M. (1989). Seasonal changes in the distribution and composition of common seal (Phoca vitulina)
haul-out groups. Journal of Zoology 217: 281-294.

Thompson, P.M. & Miller, D. (1990). Summer foraging activity and movements of radio-tagged common seals
(Phoca vitulina. L.) in the Moray Firth, Scotland. Journal of Applied Ecology 27: 492-501.

21



Thompson, P.M., Fedak, M.A., McConnell, B.J. & Nicholas, K.S. (1989). Seasonal and sex-related variation in the
activity pattern of common seals (Phoca vitulina). Journal of Applied Ecology 26: 521-535.

Watts, P. (1992). Thermal constraints on hauling out by harbour seals (Phoca vitulina). Canadian Journal of
Zoology 70: 553-560.

Yochem, P., Stewart, B.S, DeLong, R.L. & DeMaster, D.P. (1987). Diel haul-out patterns and site fidelity of harbor
seals on San Miguel Island. California, in Autumn. Marine Mammal Science 3: 323-333.

22



HAFRANNSOKNASTOFNUN

Rannsdkna- og radgjafarstofnun hafs og vatna




	01forsida
	02hvitt-blad
	03sida2
	04uppl
	landsel-loka
	08baksida

