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ABSTRACT

Haulout behaviour of harbour seals (Phoca vitulina) in Vesteralen, Norway, was investigated
from 1 July to 23 August 2003 using a combination of high- and low-tide counts performed from
boat and elevated land positions, and hourly counts from the land positions through 12- or 24-h
cycles at specific haulout sites. There were obvious contrasts in haulout patterns of the seals
throughout the period. The number of seals hauled-out was considerably higher in the area in
July (the pupping period) than during August when the moulting period started. Contrasting July,
when numbers of seals hauled-out at low tide was clearly higher than at high tide, there were
virtually no systematic differences in haulout numbers between high and low tides in August.
Circadian patterns were weaker in August than in July as well. Low temperatures had signifi-
cant adverse effects on haulout numbers both in July and August, whereas increased cloud cover
resulted in fewer seals hauled-out in July, but more seals in August.
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INTRODUCTION

Under a new management regime for harbour
seals (Phoca vitulina) in Norway (Anon. 1990),
it has been recommended that a monitoring pro-
gramme be established where the population
should be surveyed approximately every 5 years
(see Nilssen ef al. 2010). The most feasible
approach to estimating harbour seal abundance
is to use aerial photographic surveys when the
seals are hauled-out of the water. Understanding
the timing of haulout behaviour, therefore, is
of critical importance to survey design. Harbour
seals are usually counted during pupping and/or
moult, when a larger fraction of the population
hauls-out (Heide-Jorgensen and Hirkonen
1988, Thompson and Harwood 1990,
Reijndeers et al. 1997, Huber et al. 2001,

Boveng et al. 2003, Gilbert et al. 2005). In
Norwegian coastal waters, 2 abundance esti-
mate surveys have been performed to assess
the size of the entire population, and both were
conducted during moult in 1996-1999 (Bjerge
et al. 2007) and in 2003-2006 (Nilssen et al.
2010), respectively.

Several factors have been identified as factors
that affect the number of harbour seals hauling
out. These include seasonal, meteorological,
tidal and diurnal factors. However, relation-
ships between these conditions and the num-
bers of seals hauled-out tend to be quite vari-
able between years and locations indicating that
population or site specific analyses of condi-
tions may be required (e.g., Stewart 1984,
Thompson and Miller 1990, Roen and Bjerge
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1995, Grellier et al. 1996, Watts 1996, Reder
et al. 2003). Conducting surveys at low tide
(+2 h) has become standard as this is when most
seals are expected to be hauled-out (Watts 1996,
Gilbert et al. 2005). In addition to tidal state,
time of the day and meteorological conditions
have been shown to be important factors influ-
encing haulout patterns of harbour seals at var-
ious sites along the coast of Norway (Roen and
Bjerge 1995) and on Svalbard (Reder ef al.
2003) during summer.

Previous studies have found haulout peaks both
during the mid-summer pupping period and
during late summer/early autumn when
harbour seals moult (Boulva and McLaren
1979, Everitt and Braham 1980, Brown and
Mate 1983, Stewart and Yochem 1984,
Thompson 1989, Thompson ef al. 1989, 1994,
Jemison and Kelly 2001, Daniel et al. 2003,
Reder et al. 2003). The aim of the present study
was to gain a better understanding of harbour
seal haulout behaviour during the potential peri-
ods when aerial surveys designed to assess the
abundance of the stock in Norway would be
flown. To do this we investigated how the

haulout patterns were influenced by (1) the
annual cycle with particular reference to pos-
sible differences between the pupping period
(June/July in Norway, Bjerge 1991) and the
moulting period (August/September in Norway,
Bjerge et al. 2007), and (2) other factors includ-
ing diurnal changes, tidal state and environ-
mental conditions.

MATERIALS AND METHODS

This study was conducted in a harbour seal
colony in Stg, localized in the archipelago
Vesteralen, Northern Norway (69°N, 15°E, see
Fig. 1), during the period 1 July to 23 August
2003. Fieldwork was concentrated in a local
archipelago including the centre Beineya sur-
rounded by different-sized skerries, which are
typical haulout sites for harbour seals in this
area (Fig. 1). The study area was surrounded
by shallow waters in the immediate vicinity of
the haulout areas (2-10 m), whereas outside the
archipelago the coast is characterized by shelves
that sloped down to 150-200 m within a few
kilometres of the shore. The outer, western part
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of'the studied archipelago is exposed to severe
weather arriving from the open Norwegian Sea.
Tidal amplitudes in Vesterdlen were within the
range of 1-1.5 m during the study period
(Norwegian Mapping Authority 2003), and the
haulout sites in the study area included inter-
tidal ledges as well as rocky outcrops which
were accessible throughout the tidal cycle.

The impact of meteorological and tidal influ-
ences, as well as seasonal patterns, on haulout
behaviour and distribution patterns were inves-
tigated by daily counts during 3 periods: 1-3
July, 16-18 July, and 12-23 August. The seals
were monitored from 3 elevated view points at
Beineya, Austrekalven and Krokskjeran (Fig.
1). Observations were made using a 20x50 tel-
escope. Hauled-out seals were counted hourly,
either in 12-h bouts (N=8) from 08:00/09:00
hours to 20:00/21:00hours (local Norwegian
time), or in 24-h bouts (N=2). On some days
seals were only counted at low and high tide
(N=2). Data on times of low and high tide were
based on tide tables (Norwegian Mapping
Authority 2003).

Atevery low and high tide, the haulout site use
was also monitored via boat surveys which

included parts of the haulout sites which were
concealed from the land-based observation
posts. Small aggregations of seals were count-
ed from an inflatable boat using binoculars
(10x42 and 7x50). Meteorological variables
were measured at the observation sites: (1) wind
speed in m/s (using a hand-held anemometer
at approximately 1.5 m above the ground), (2)
temperature in °C, (measured in the shade with
a digital thermometer), (3) cloud cover (per-
centage of covered sky), (4) irradiation (sun
presence or absence) and (5) precipitation
(presence or absence). Any possible human
disturbance (for example boat traffic) was also
recorded.

Previous studies suggest that harbour seals
have a periodic haulout behaviour where more
animals haul out during low tide than during
high tide (e.g. Reder et al. 2003). Therefore, a
periodic model was used to analyze harbour
seal haulout patterns over time in a given
period of time (16-18 of July and 12-23 of
August 2003):
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Table 1. Summary statistics of the GLM analysis. The residuals from the cos model were
used as response variable and the metrological data (see text) as predictors. The significant
variables were selected using forward selection. Res.dev. is the residual deviance.
Variables Estimate  Std.error t-value P-value Res.dev. d.f. AIC
July

Temperature 1.18 0.30 3.69 <0.001

Cloudiness -0.30 0.07 -4.53 <0.001 533.5 27 238.4
August

Intercept -92.81 31.48 =2195 0.004

Temperature 5.70 2.09 2.72 0.007

Cloudiness 0.18 0.08 2.28 0.024 93287 124 1206.5

where a, b, T and ¢, are parameters to be esti-
mated. &V, is the number of seals observed on
land at a given time ¢, a is the average number
of seals hauling out in the period, b is the ampli-
tude on the curve and ¢ indicates the top of the
sinus curve or the phase component of the
cosinus curve. Time (t) is a time index, a
continuous variable, which includes year,
month, day and time. The unit of the time
index is decimal year; one hour corresponds to
11.43 x 10-5 hours. To examine if the tidal cycle
had impact on the haulout pattern, a Spearman
rank analysis of correlation was used.

The residuals from the model above were then
used as response variables in a Generalized
Linear Model (GLM) when examining the
effect of tide and the meteorological variables
on the number of seals hauled-out.

RESULTS

The total number of seals hauled-out, counted
at high and low tide, indicated that there was a
higher number of seals observed in the period
1-3 and 16-18 July than during 12-23 August
(Fig. 2). In July there were clearly more seals
hauled-out at low tide (182-254 seals) than at
high tide (35-80 seals). Additional animals
seemed to haul out at exposed reefs during low
tide. In August, however, there were no
significant differences between the low and
high tide observations (50-185 seals at low tide,
10-180 seals at high tide); in some cases the

highest numbers of seals hauled-out were
observed at low tide, in other cases at high tide.
In August the seals hauled-out at fewer and
larger islands than in July.

During the period 16-18 July, two 12-h series
with hourly land based counts, followed by one
high tide and one low tide count, were made in
the colony (Fig. 3). The non-linear model, used
to analyze the variation in haulout patterns for
the seals over time, explained 85.6 % (R2=0.856,
p<0.05) of the observed variation. The param-
eter estimates of the model were as follows: a
=100.4 (SD=0.7),b=58.1 (SD=0.9), T=0.0014
(SD=0.0001), ¢y = 0.033 (SD=0.002). A perio-
dicity of 0.0014 decimal year correspond to
12.25 hours A Spearman rank Analysis of
Correlation (p) between number of observed
seals and the tidal cycle showed significant
negative correlation between the variables,
meaning that there were significantly higher
numbers of seals hauled-out at low tide
compared with high tide (p=— 0.79; p<0.05).
The highest numbers of hauled-out seals were
observed just before or after the lowest tide.
Significant effects of temperature (more hauled-
out animals at higher temperatures; p<0.01) and
cloud coverage (more sun gave more hauled-
out animals; p<0.01) were detected via GLM
analyses (Table 1).

The longest period of continuous observation
throughout the study was from 12 to 23 August,
i.e. during the harbour seal moulting period
(Fig. 4). This period included 2 series with
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hauled-out harbour
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hourly counts from
land at Sto in the
period 16 to 18 July
2003, and plotted
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24-h hourly counts and 6 series with 12-h hourly
counts. Fitting the non-linear model to these
data gave a much less conclusive result than in
July. The Spearman rank correlation was not
significant between the number of seals hauled-
out and the tidal cycle (p=0.009, p>0.05). The
model explained only 58 % of the variations in
the observed numbers of hauled-out seals in
this period (R2=0.58, p<0.05). The parameter
estimates of the model were as follows: a =
81.7 (SD=0.2), b=52.6 (SD=0.3), T=0.0214
(SD=0.0001), )= 0.1005 (SD=0.0013), imply-
ing a periodicity of 187.25 hours. Similar to
the July analysis, the GLM analysis showed
that temperature and cloud coverage contributed
significantly to explain the variation in number
of'seals hauled-out in August (Table 1). In con-
trast to the analysis of the July data, however,
the intercept was significant and cloud cover-
age coefficient was positive implying more
clouds gave more hauled-out animals (Tablel).

DISCUSSION

This study of haulout behaviour of harbour seals
in Vesterdlen was conducted over a period
which covered both breeding and moult, and
there were obvious contrasts in haulout pat-

0440 1330 2210
187 187 18/7

terns of the seals throughout the period. The
number of seals hauled-out was considerably
higher in the area in July (the pupping period)
than during August when the moulting period
started. Previous studies have shown that the
age-sex proportions of harbour seals hauled-
out varies substantially during summer,
including the moulting period (Héarkonen et al.
1999, Boveng et al. 2003, Daniel et al. 2003).
Behavioural differences between the sexes and
among the age classes indicate that the
composition of the hauled-out fraction varies
over time, and is not representative of the entire
population at any time during the summer
season (Hérkonen ef al. 1999). This may also
have contributed to the observed changes in
observed numbers of hauled-out seals.
Harkonen ef al. (1999) observed that juvenile
harbour seals in Skagerrak, Sweden, hauled-
out more frequently during summer than older
seals, whereas possible differences among age
classes in the adult segment were unclear. In
other studies of harbour seal moulting
phenology, it has been observed that juveniles
moulted first, then adult females, and finally
adult males (Daniel et al. 2003, Reder et al.
2003). Available data do not permit a detailed
sequence of the sex-age composition among
hauled-out harbour seals during summer in
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Vesteralen, but there was some evidence of a
higher proportion of adults hauled-out by the
end of August compared with mid August
(Mogren 2006).

In general, the number of harbour seals hauling
out to moult will increase and reach a peak at
some point during the moulting period (Boveng
etal. 2003, Reder et al. 2003). Since the timing
of the moult varies among the sexes and age
classes, and the relative timing among age class-
es may vary from year to year, the date of this
peak may vary (Thompson and Rothery 1987,
Boveng et al. 2003, Daniel et al. 2003, Small
et al. 2003). In Norwegian coastal waters the
harbour seal moulting period usually lasts from
mid-August to mid-September (Bjorge and
Oien 1999, Bjoerge et al. 2007). The present
study was terminated on August 23, i.e. only
one week or so into the assumed moulting
period, and may therefore have missed a
possible peak that would have resulted in a larg-
er number of hauled-out seals being observed
in the colony. Supporting this is the observation
of a considerable exodus of animals in the mid-
August period (17-18 August), followed by an
influx that builds up rapidly throughout the rest
of the observation period.

In previous studies, time of day, tidal state and
meteorological conditions have generally been
shown to be important elements influencing
haulout patterns of harbour seals during summer

and autumn within the range of the species (e.g.,
Roen and Bjerge 1995, Thompson et al. 1997,
Boveng et al. 2003, Reder et al. 2003). Most
studies conducted in habitats consisting of rocks
and intertidal ledges, as in Vesterdlen, report
peaks in the number of harbour seals hauled-
out around low tide (e.g., Schneider and Payne
1983, Terhune and Albon 1983, Thompson and
Harwood 1990, Frost et al. 1999, Boveng et al.
2003, Reder et al. 2003), as was also observed
in Vesterédlen in July. Contrasting with this
result, the August haulout behaviour showed
an obvious lack of well defined tidal and
circadian cycle influence, with virtually no
systematic differences between high and low
tide. The circadian patterns were also weaker
in August than in July.

Roen and Bjerge (1995) noted a different
influence of the tidal cycle between sites in
Norway and suggested that the haulout
behaviour of seals at sites with low tidal
amplitudes was less influenced by tides than
that of seals in areas with higher amplitude.
When Boveng et al. (2003) investigated the
influence of both height and time of the tides,
they suggested that both might be good
predictors of haulout behaviour, and that
prevalence of one over the other was likely to
vary among studies due to differences in data
that might not necessarily be of biological
significance. Local conditions at each site (e.g.
for how long during each tidal cycle are the
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potential haulout rocks submerged?) may
contribute importantly to the realised patterns.
The August studies in Vesterdlen were
performed in the first half of the assumed
harbour seal moulting period. During moult,
harbour seals change behaviour in that
individuals spend more time hauled-out,
possibly to elevate skin temperature and con-
serve energy (Boily 1995, Boveng et al. 2003).
In the Ste archipelago, the local conditions also
permit haulout outside the typical low tide
period, and it is not unlikely that the otherwise
strong correlations between haulout behaviour
and tidal cycle may have become weaker and
more blurred in August due to this.

Inclement meteorological conditions such as
low temperatures and extensive cloud cover
had significantly adverse effects on haulout
numbers in July. None of the other monitored
meteorological parameters (wind speed,
irradiation and precipitation) contributed to
explain variation in haulout numbers at all. In
August there was still an adverse effect of
temperature on haulout numbers, while the
cloud coverage coefficient was positive
implying more clouds gave more hauled-out
seals. Generally, studies of haulout behaviour
are based on censuses of hauled-out fractions
of the population, assuming that the structure
of the hauled-out population is stable during
the study period. Consequently, if studies on
the effect of tidal or circadian cycles or
meteorological conditions on hauled-out seal
numbers are carried out during any part of the
summer period, results will be influenced by
clines in haulout tendencies of various segments
of'the population (Harkonen et al. 1999). Small
et al. (2003) have demonstrated that the influ-
ence of covariates on haulout behaviour can
vary spatially at the site and regional scale, as

well as temporally across years. Some of the
detected changes in correlations in the
Vesteralen studies could probably be attributed
to changes in the structure of the studied haulout
population (Mogren 2006). The lack of
correlation between the haulout behaviour and
meteorological parameters could also be due
to the low variations in the latter since all man-
ual counts performed in this period were
performed under very stable weather conditions
with low cloud coverage and a general absence
of rain and strong winds. This was particular-
ly the case in August.

The study area in Ste is located such that there
is no physical obstruction impeding winds from
the north and the west. Consequently, sea spray
and waves during periods with strong wind can
markedly impair the quality of haulout sites.
Although no strong winds prevailed in the study
period, even small changes in both strength and
direction are likely to effect how seals select
their haulout sites (e.g. on which side of the
rocks they prefer to haul out). This may
represent a potential sampling error in that the
land based observations made did not cover all
sides of all haulout rocks in the area, although
there was little evidence from the boat - based
observations that a shift or change in
distribution of animals occurred around the
haulout in the study period.
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