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INTRODUCTION

The current population estimate for the Saimaa
ringed seal Phoca hispida saimensis is around
300 individuals (Metsähallitus 2012, www. metsa. fi/
sivu stot/ metsa/ fi/ Luonnonsuojelu/ Lajitjaluontotyypit/
Uhanalaisetelaimet/ Saimaannorp pa/ Hyljekanta 2012/
Sivut/ default. aspx). This freshwater subspecies is
 categorized as Critically Endangered (Kovacs et al.
2012) and is also included in the European Union’s
Habitat Directive as a species that needs designated
Special Areas of Conservation and overall strict pro-
tection (Council Directive 92/ 43/ EEC, Annexes II
and IV). Among other activities, destroying and
impairing breeding and resting areas are forbidden

by national legislation (Nature Conservation Act
1096/1996; Finnish legislation available at www.fin-
lex.fi). The current main breeding areas have been
identified (Sipilä 2003, Ministry of the Environment
2011, Niemi et al. 2012), but the important haulout
areas still have to be identified and conservation
plans implemented.

Unlike the marine ringed seals, which regularly
moult on sea-ice platforms (e.g. Heide-Jørgensen &
Lydersen 1998, Kelly et al. 2010) and are pelagic
during the open-water season (Smith 1987, Har-
wood & Stirling 1992), Saimaa ringed seals mainly
moult and haul out on terrestrial sites (Hyvärinen et
al. 1995, Kunnasranta 2001, Kunnasranta et al.
2002). The moulting period starts in late April on the
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ice, but the peak of the moult occurs on terrestrial
sites after the ice breaks up in early May, and con-
tinues to the second week of June (Hyvärinen et al.
1995). During the moult, the seals spend extended
periods hauled out on the shorelines of islands and
islets during the day and night (Hyvärinen et al.
1995, Kunnasranta et al. 2002). Since the Saimaa
ringed seals tend to use the same terrestrial haulout
sites year after year (Koskela et al. 2002), it is easy
to predict their location for tourists. In addition, the
sites are easily accessible to human visitors by
boats. Recently, tourism in Lake Saimaa has in -
creased, and the seals are considered an important
tourist attraction (Tonder & Jurvelius 2004). Seal-
watching trips primarily take place during the moult
from May to June in the central distribution area of
the seals. At that time, the seals are visible on
shorelines, typically solitary or occasionally in loosely
organized groups of a few animals (Sipilä & Hyväri-
nen 1998). However, there is no documentation of
the effects resulting from boat traffic on these seals,
and no guidelines on how to approach them without
causing disturbance.

In the present study, the seals’ response to out-
board motor boat traffic during the moulting season
was examined. The results can be used to assist in
developing guidelines for commercial tourism and
private boat users in order to mitigate the potential
human-induced disturbance to Saimaa ringed seals.
Furthermore, the haulout patterns of seals were stud-
ied during the open-water season to describe circa-
dian patterns and to identify suitable haulout habi-
tats. These results have important implications for
identifying the main resting areas of Saimaa ringed
seals and planning sustainable land use.

MATERIALS AND METHODS

This study was conducted in Lake Haukivesi basin
(62° 09’ N, 28° 18’ E), which is one of the main breed-
ing areas of the Saimaa ringed seal (Fig. 1), during
the open-water season (between ice breakup in early
May to freeze-up in late November). The study area
encompasses Linnansaari National Park, a popular
tourist resort with various outdoor activities.

The responses of free-ranging seals to outboard
motor boats (open boat, length ca. 5 m, with 50 or
60 hp engine) were recorded during the moulting
season (May and early June) from the haulout sites in
2006 to 2010. Due to the labyrinthine nature of the
lake, the seals were first detected at various dis-
tances (mean 360 m, range 30 to 900 m). After detec-

tion, seals were approached directly or by passing
parallel to the shore, in a manner similar to the typi-
cal tourist boat. The seals were approached closely
enough to allow proper observation, but not closely
enough to deliberately cause them to enter the water.
The response of each seal to the boat’s approach was
classified as (1) no response or (2) response (2a: lift-
ing head, i.e. alert, or 2b: entering the water). In all
cases, the final response of the seal and its final prox-
imity to the boat were recorded. The distance was
measured with a GPS plotter or from map charts. As
individual seals were unidentified, it is likely that
several approaches were made towards the same
seal. This was unavoidable given that most seals are
not individually marked; we return to this point in the
‘Discussion’. Using Generalized Linear Models in
SPSS Statistics 19, we fitted a multinomial logistic
regression model (Hosmer & Lemeshow 2000) with
cumulative logit link function to determine whether
the distance between the boat and the seal explains
the seal behaviour (no response/alert/enter the water).
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Fig. 1. Study area (dark grey) in the Lake Haukivesi basin. It
incorporates Linnansaari National Park (outlined in black). 

white indicates surface area of Lake Saimaa
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The cumulative predicted probabilities produced by
this model allowed us to make predictions of the
probability of seal responses at different distances
from the boat.

Eight Saimaa ringed seals (Table 1) were captured
and equipped with a GPS-phone tag (Sea Mammal
Research Unit, St. Andrews University, UK) at the
end of their moulting season in various years during
the period 2007 to 2011 (see Niemi et al. 2012) under
the permits obtained from the local environmental
authorities and the Animal Experiment Board in Fin-
land (permit number: ESAVI-2010-08380/Ym-23).
The tags collected GPS position, haulout, dive, tem-
perature and time data (McConnell et al. 2004). The
haulout was identified when the tag’s wet-dry sensor
had been dry for 10 min (the 10 min were then
included in the haulout duration) and ended when
the sensor became wet for 40 s.

Data from each individual provided by the tags
were used to calculate 3 variables describing the
haulout patterns for each month during the open-
water season: (1) average duration of a haulout
event, (2) time between successive events and (3)
proportion of a day (24 h) spent on the haulout (%).
Changes in duration of the haulout events and the
time between the events throughout the study period
were determined by fitting a linear mixed model in
SPSS. Animal ID was included in the model as a ran-
dom effect and month as a covariate.

For further analyses, the haulout behaviour for
each GPS-instrumented seal for each hour was
recorded (where ‘1’ indicated that the seal was
hauled out and ‘0’ indicated that the seal did not haul
out during the hour). The daylight data were cal -
culated using a converter (www. moisio. fi/ taivas/
aurinko. php), which employed the algorithm re -
trieved from the NOAA (www.srrb.noaa.gov/high-
lights/ sunrise/calcdetails.html). The tracking periods

were divided into 2 separate seasons: the early post-
moulting season (late May to June) and the post-
moulting season (from July to the end of the tracking
period, Table 1). We fitted a logistic regression model
(Hosmer & Lemeshow 2000) to determine whether
daylight or season explained the haulout behaviour
during each hour, with individual included as a ran-
dom effect in the model and time as a within-subject
variable. A first-order autoregressive (AR1) working
correlation matrix was chosen in the model, to
take into account the temporal autocorrelation of
observations.

The numbers and locations of haulout sites used by
individual seals were defined by haulout locations
provided by the GPS tags and confirmed using
ArcGIS 9.3 software (ESRI 2008). To determine the
intensity of usage at each haulout site, the core area
of the individuals’ home range was estimated using
the 50% adaptive local convex hull method (a-
LoCoH; Getz & Wilmers 2004, Getz et al. 2007).
Haulout locations inside the core areas were catego-
rized as intensively used sites (Harris et al. 1990). The
home range analyses were conducted using the ‘ade-
habitat’ package (version 1.8.3, Calenge 2006) for the
R 2.13.2. statistical software (R Development Core
Team 2011). The distances between the haulout sites
were measured using Hawth’s tool extension (ver-
sion 3.27, Beyer 2004) in ArcGIS 9.3 (ESRI 2008). To
identify factors that may indicate a preference for
these haulout sites, the characteristics of the core
area of the home ranges were analyzed. The charac-
teristics estimated were the size of the island, habitat
type and compass azimuth of the haulout sites rela-
tive to the centre of the island. The habitat types
were determined using the CORINE land cover 2006
database (25 m, CLC2006, ©SYKE). The compass
azimuth was visually estimated only for islands over
5 ha in size to mitigate the GPS accuracy errors.
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ID Sex Mass Date of Last Dur. of ICS start SP Dur. of
(kg) depl. uplink depl. (d) Start End SP (d)

HE07 F 57 01/06/07 09/12/07 191 − 02/06/07 24/11/07 175
KJ07 M 52 25/05/07 29/12/07 218 − 25/05/07 30/12/07 219
TO07 M 55 03/06/09 28/03/10 298 14/12/09 04/06/09 11/12/09 190
VI09 M 124 26/05/09 11/12/09 199 − 26/05/09 08/12/09 196
OL10 F 59 31/05/10 02/04/11 306 27/11/10 01/06/10 15/11/10 167
LI10 F 48 21/05/10 15/07/10 55 − 25/05/10 14/07/10 50
ER11 M 66 20/05/11 22/09/11 125 − 21/05/11 20/09/11 122
TE07 F 52 31/05/11 13/02/12 258 02/01/12 31/05/11 30/12/11 213

Table 1. Phoca hispida saimensis. Details from the 8 GPS-tagged Saimaa ringed seals and the duration of the study period.
Dates are dd/mm/yy. F: female; M: male; Depl.: deployment; Dur.: duration; ICS: ice-covered season; SP: study  period (where
Start is the date of the first haulout, End is the last haulout before the ice-cover season or tag loss); −: no data available; d: days
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 Furthermore, the numbers of buildings (including
residential, summer cottages and other buildings;
©National Land Survey of Finland 2012, data up -
dated in 2010) on the islands with intensively used
haulout sites of tagged seals were calculated, and
direct distances from building to the nearest haulout
site were measured. To locate additional moulting
sites, boat surveys were carried out between 2006
and 2012 in Haukivesi basin.

RESULTS

In total, 219 events were recorded in which un -
identified seals were approached mimicking typical
tourism boat practices. Most of the approaches were
made towards a solitary seal (n = 191), but occasion-
ally 2 or 3 seals were hauled out on the same shore-
line (number of groups: 15; the discrepancy between
the total n for seals in groups plus individual seals
and the total number of events is explained by the
fact that data are missing for some individuals). The
majority of the individual seals responded to the
approaching boat by lifting their heads (alert; 62%),
and entering the water (27%; Fig. 2). Only 11% of
the individuals did not respond at all. The median
approach distance between the boat and seal, of
seals that did not respond to the boat, was 300 m
(range 50−600 m), the median distance at which seals
were classified as alert was 240 m (range 30−600 m),

and the median distance at which seals entered the
water was 146 m (range 30−500 m; Fig. 2a). The seals
were more likely to be alert and to enter the water
when the distance to the approaching boat was
reduced (multinomial logistic regression; parameter
estimate for distance = −0.007, p < 0.001). According
to the cumulative predicted probabilities produced
by the model, at a distance of 300 m (median distance
for the seals that did not respond), the probability
that the seal would become either alert or would
enter the water was >90% and the probability that it
would enter the water was <20% (Fig. 2b).

Altogether, 1000 haulout events by 8 tagged seals
were recorded (Table 1). The average (±SD) duration
of a haulout event was 5 h 57 min (± 4.59 h), ranging
from 10 min to >26 h (Table 2). Haulout duration
remained similar during the whole open-water sea-
son (linear mixed model, parameter estimate for
month = 0.039, df = 46.66, t = 0.352, p = 0.726). The
average time between the haulout events was 26 h
11 min (± 29.25 h, range 3 min to >18 d), increasing
significantly towards the end of the open-water sea-
son (linear mixed model, parameter estimate for
month = 6.807, df = 47.04, t = 7.992, p < 0.001;
Table 2). On average, 19% of time was spent hauled
out during the open-water season (Fig. 3). The seals
hauled out more during early post-moulting (late
May to June; 25% of the total time) than during the
post-moulting season (July to end of the tracking
period; 17%; logistic regression, parameter estimate
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Fig. 2. Phoca hispida saimensis. Response behaviour of unidentified seals to boat traffic. (a) Distribution of boat distances in re-
lation to the 3 categories of behavioural response; centre bold lines show median values, upper and lower boundaries of boxes
indicate the 25 and 75% percentiles, and the whiskers show the minimum and maximum distances unless outliers are present.
(b)  Cumulative predicted probabilities (produced by the multinomial logistic regression) of seal response related to the 

distance from the boat
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for season = −0.629, p < 0.001, odds ratio 0.533). The
probability of haulout during nocturnal hours (peak-
ing between 21:00 and 06:00 h; Fig. 4) was 1.4 times
greater than haulout during daylight hours (logistic
regression, parameter estimate = 0.341, p < 0.001,
odds ratio 1.406).

A total of 104 different terrestrial haulout sites used
by the 8 tracked seals were identified during the
study seasons (Fig. 5). Individual seals used on aver-
age 13 ± 4.6 (SD) haulout sites (range 5−21). Overall,
46% of the sites were located at the moulting sites
observed during the boat surveys in Haukivesi basin,
and the remaining sites were situated outside estab-
lished moulting areas. The median distance between
the different haulout sites of an individual seal was
2.5 km (range 0.06 to 22.7 km, Fig. 6). Approximately
half (51%) of the haulout sites used by individuals
were located inside the most intensively used area of
their home range (core area 50%).

Only the intensively used haulout locations were
taken into account when evaluating the characteris-
tics of the typical haulout sites. These sites (n = 53)
were situated predominantly on the rocks on shore-
lines of islands (n = 41); only 1 was on a mainland
shore. The median size of haulout islands was 4 ha
(range 0.02 to 297.61 ha). The most typical habitat
type was coniferous forest, which was dominant on
all islands in the study area. Haulout sites were
located in all compass azimuths, but the most pre-
ferred were the eastern (35%) and southern (29%)
sides of the islands. Approximately one-third (34%)
of the haulout islands included buildings. The aver-
age (±SD) direct distance to the closest building to
the haulout site was 400 m (± 200 m). The median
size of these islands was 46 ha (range 0.14 to
297.61 ha).

DISCUSSION

When moulting, ringed seals haul out frequently
and for long periods (Smith 1973a, Finley 1979, Smith
& Hammill 1981, Kelly & Quakenbush 1990, Heide-
Jørgensen et al. 1992, Hyvärinen et al. 1995, Born et
al. 2002, Kunnasranta et al. 2002, Carlens et al. 2006),
spending up to 60% of their total time hauled out
(Kelly et al. 2010). This is due to the benefits of
warmer skin temperatures and dry pelts whilst
moulting (Boily 1995, Paterson et al. 2012). The pres-
ent study supports previous findings, which have
shown that the proportion of haulout events of ringed
seals declines after the moulting season (Heide-
 Jørgensen et al. 1992, Kelly et al. 2010). However, in
our study, prolonged haulout activity of Saimaa
ringed seals was still seen during the early post-
moulting period: seals spent 34 and 23% of their total
time hauled out in late May and June, respectively.
During post-moulting, the total time spent hauled out
declined from 22% in July to 10% in December,
which is similar to previous studies in the Arctic (Teil-
mann et al. 1999, Kelly et al. 2010). In general, Saimaa
ringed seals spend less than 20% of their total time
hauled out during post-moult (Hyvärinen et al. 1995,
Kunnasranta 2001, present study). In our study, the
average duration of a haulout event during the open-
water season (ca. 6 h, max 26 h) was about twice that
measured in Arctic ringed seals during the autumn
(ca. 3 h; Teilmann et al. 1999, Born et al. 2002).

During moulting, haulout activity of ringed seals
typically peaks in the afternoon (Smith 1973a,b, Fin-
ley 1979, Smith & Hammill 1981, Kelly & Quaken-
bush 1990, Lydersen 1991, Belikov & Boltunov 1998,
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Month Mean haulout Max. haulout Time
dur. dur./ID between

May 5.62 ± 4.95 19.29/VI09 9.71 ± 10.86
June 6.53 ± 5.40 26.39/TO07 22.2 ± 20.11
July 5.41 ± 4.13 19.28/TE07 22.93 ± 22.55
August 6.00 ± 4.52 23.06/TE07 21.18 ± 19.48
September 5.80 ± 4.19 19.09/TE07 23.90 ± 21.08
October 5.88 ± 4.53 22.69/VI09 40.38 ± 36.18
November 6.20 ± 4.39 18.29/TE07 43.70 ± 40.42
December 6.60 ± 4.14 15.69/TE07 63.60 ± 86.43
Overall 5.96 ± 4.59 26.39/TO07 26.19 ± 29.25

Table 2. Phoca hispida saimensis. Annual variation in the
haulout behaviour of 8 GPS-tagged Saimaa ringed seals.
Dur.: duration (h); time between: mean time (h) between 

haulout events. Means are ± SD

Fig. 3. Phoca hispida saimensis. Monthly proportion of total
time hauled out by GPS-tagged Saimaa ringed seals (n = 8)
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Fig. 4. Phoca hispida saimensis. Probability of GPS-tagged seals being hauled out during the open-water season. Bars give the
mean percentage of the total haulout time with 95% confidence intervals. Grey areas indicate nocturnal periods. * indicates 

95% confidence intervals above the scale (in the range 15.6 to 19.2%)
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Carlens et al. 2006, Kelly et al. 2010), but the seals
exhibit a nocturnal haulout pattern after the moult
(Hyvärinen et al. 1995, Koskela et al. 2002, Kunnas-
ranta et al. 2002, Härkönen et al. 2008), which was
supported by the present study. Conversely, ringed
seals in Greenland have not shown any circadian
rhythm in their haulout behaviour (Heide-Jørgensen
et al. 1992, Born et al. 2002). Changes in circadian
haulout patterns and the overall preference of phocid
seals to haul out may be related to changes in the
amount of light, weather, tidal cycle and the seals’
stage of moult (Smith 1973a,b, Finley 1979, Smith &
Hammill 1981, Allen et al. 1984, Pauli & Terhune
1987a,b, Belikov & Boltunov 1998, Moulton et al.
2002, Sato et al. 2003, Carlens et al. 2006, Agafonova
et al. 2007, Andrews-Goff et al. 2010). The timing of
seal haulouts may be dependent on prey behaviour
and foraging strategies (Sjöberg et al. 1999,
Andrews-Goff et al. 2010). In Saimaa, the typical

pelagic prey fish, such as smelt Os -
merus eperlanus and vendace Core-
gonus albula (Kunnasranta et al. 1999),
have been shown to disperse at night in
surface layers and school near the bot-
tom during daylight (Jurvelius et al.
1988, 2000). Therefore, the vertical dis-
tribution of prey species may partly
explain the circadian haulout behav-
iour patterns of the seals. The nocturnal
haulout behaviour of the Saimaa ringed
seal is also suggested to be an adap -
tation to avoid human disturbance
(Kunnasranta 2001, Kunnasranta et al.
2002).

The present study supports previous
findings, which have shown that Sai maa
ringed seals exhibit a high degree of
site fidelity (Kunnasranta 2001, Kos kela
et al. 2002, Kunnasranta et al. 2002, Val-
tonen et al. 2012). In the present study,
the median distance between haulout
sites of individual seals was 2.5 km,
with the maximum distances ranging
from 4 to 23 km. These are greater dis-
tances than Koskela et al. (2002) re -
ported (from 3 to 13 km) for ringed seals
in Lake Saimaa. This may be due to the
different tracking techniques (VHF ver-
sus GPS). GPS technology allows track-
ing of animal movements in more detail
than VHF radiotracking (Cagnacci et
al. 2010), and therefore the VHF method
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Fig. 5. Phoca hispida saimensis. Haulout sites of GPS-tagged Saimaa ringed
seals (n = 8). The grey areas are land. Haulout sites of individual seals are
marked with unique symbols, with black symbols indicating the intensively 

used haulout sites

Fig. 6. Phoca hispida saimensis. Distances (km) between
the different terrestrial haulout sites of individual GPS-
tagged seals (n = 8). The number of haulout sites used by
each individual is shown above the bars; centre bold lines
show median values, upper and lower boundaries of boxes
indicate the 25 and 75% percentiles, and the whiskers 

show the minimum and maximum distances
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may miss significant animal movements (Kochanny
et al. 2009). In addition, the number of haulout sites is
known to increase with tracking duration (Cunning-
ham et al. 2009). The average number of haulout
sites (n = 13) and the proportion of intensively used
haulout sites (around 50% of haulout locations) of
individual Saimaa ringed seals were the same as
those of harbour seals Phoca vitulina (on average 13
haulout sites, 52% intensively used of total) tracked
with satellite relay data loggers in Scotland (Cun-
ningham et al. 2009).

The average distance between any building and a
haulout site was 400 m. However, national parks are
characterized by a low number of buildings. Due to
the high degree of site fidelity of the seals, legislative
protection of terrestrial haulout sites would benefit
the Saimaa ringed seal. Although the choice of the
exact haulout sites may be affected by the water level
in the lake, which can change between years, some
characteristics describe the most abundant haulout
areas in the present study; the most preferred size of
a haulout site island was small, less than 5 ha, and
the haulout sites were situated in most cases on the
eastern and southern shores of the islands.

There were some obvious limitations of the distur-
bance study design; given that most seals were not
 individually marked, the data represented a non-
 independent set of observations of seal behaviour
made at random distances from the seals due to the
geography of the study habitat. In the future, the dis-
turbance study could be improved by a different study
design, e.g. by collecting data on how the animal was
approached in more detail and by setting distances
(from boats to observed seals). Nevertheless, the
study suggests that the response of moulting ringed
seals to boat traffic varies by distance. The median
distance at which seals showed no response was
300 m. At a distance of 240 m, over half of the seals ap-
proached were ‘alert’, and at approximately 150 m,
the seals typically entered the water. In general,
Arctic ringed seals are known to have a high degree
of vigilance on their ice platforms, and the response
distances to anthropogenic disturbance have been
shown to vary from 200 to 5000 m. (Smith & Hammill
1981, Kelly et al. 1988, Born et al. 1999, Blackwell et
al. 2004). Terrestrially moulting ringed seals in Lake
Saimaa seem to tolerate anthropogenic disturbance at
shorter distances than ringed seals in the Arctic
hauled out on ice. This behaviour of Saimaa ringed
seals could be explained by some degree of habitua-
tion to boat traffic and also by a lack of predators.
However, the response distances reported here are
similar to studies of hauled-out harbour seals on ter-

restrial sites (Allen et al. 1984, Suryan & Harvey 1999,
Henry & Hammill 2001, Johnson & Acevedo-Gutiérrez
2007, Osinga et al. 2012). Some studies (e.g. Andersen
et al. 2012), however, have reported greater response
distances in harbour seals.

In order to mitigate the unintentional as well as
deliberate disturbance caused by boat traffic, our
results should be taken into account and guidelines
should be developed for tourism. The seals tend to be
reluctant to enter the water during the moulting sea-
son (Moulton et al. 2002) and they are therefore eas-
ily visible to tourists. However, they are vulnerable to
disturbance at this time, and entering water may pro-
long the moult and incur an energetic cost (Paterson
et al. 2012). Long-term anthropogenic disturbance,
like camping or anchoring, have caused seals to
move away from shoreline haulouts permanently
(Yochem et al. 1987, Agafonova et al. 2007).

Based on the median distance for no response,
300 m may be considered a ‘safe’ viewing distance of
the Saimaa ringed seal. However, due to the
labyrinthine nature of the lake with very narrow
paths, this distance may be impossible to enforce. It
might be more useful to focus attention on boating
practices. The nature of a boat’s approach has been
shown to affect the response of harbour seals (Allen
et al. 1984, Suryan & Harvey 1999, Andersen et al.
2012). Our observations during the present study
confirmed that in some cases seals entered the water
due to backwash from the boat or to boat operation
(stopping and changing direction). Therefore, seal-
watching operations should be conducted quietly, at
low boat speeds, passing the seals steadily without
changing direction or stopping; direct approaches
toward seals should be avoided (e.g. Allen et al. 1984;
www.nmfs.noaa.gov/pr/education/viewing .htm; www.
marinecode. org/ documents/ Guide-web.pdf). When
viewing the seals, attention should also be paid to
their behaviour, as we found considerable variation
in individual re sponses. Furthermore, land use allo-
cation (e.g. cottages, camping and anchoring sites)
should take into account the location of seal haulout
sites in order to mitigate long-term disturbance
sources within important haulout areas. The present
study has provided valuable information that can be
used to devise conservation guidelines for this popu-
lation of Saimaa ringed seals. However, with increas-
ing interest in eco-tourism and recreational activities
in this region, it is imperative that we develop a more
comprehensive knowledge of the haulout sites situ-
ated throughout the Saimaa ringed seal distribution
area (see Niemi et al. 2012), in order to enhance the
protection of this Critically Endangered population.

122



Niemi et al.: Haulout behaviour of Saimaa ringed seals

Acknowledgements. The present study was supported by
the Finnish Ministry of the Environment, the Raija and Ossi
Tuuliainen Foundation, WWF Finland and the Finnish Min-
istry of Agriculture and Forestry. Additional support was
provided by Fortum and the Finnish Cultural Foundation,
the North Karelia Regional Fund (M.N.). We thank all of our
field assistants for their invaluable work, especially T. Laiti-
nen. Thanks also to M. Kurkilahti for statistical advice, K.
Kyyrönen for assisting with the figures and E. Oksanen for
technical support. We thank the Sea Mammal Research Unit
personnel for technical advice. Acknowledgements are due
to T. Sipilä and T. Kokkonen from Metsähallitus for their
productive cooperation. I. Holopainen, H. Hyvärinen, S.
Oksanen and M. Valtonen are acknowledged for the valu-
able comments on the manuscript and H. Shiels for linguistic
revision. This manuscript was greatly improved as a result of
comments from 2 anonymous reviewers and the Responsible
Editor, P. Stephens. This article is part of the studies recom-
mended by the national conservation strategy and action
plan of the Saimaa ringed seal.

LITERATURE CITED

Agafonova EV, Verevkin MV, Sagitov RA, Sipilä T, Soko -
lovskay MV, Shahnazarova VU (2007) The ringed seal in
Lake Ladoga and the Valaam Archipelago. Vammalan
kirjapaino, Vammala (in Russian with English summary)

Allen SG, Ainley DG, Page GW, Ribic CA (1984) The effect
of disturbance on harbor seal haul out patterns at Bolias
Lagoon, California. Fish Bull 82: 493−500

Andersen S, Teilmann MJ, Dietz R, Schmidt NM, Miller LA
(2012) Behavioural responses of harbour seals to human-
induced disturbances. Aquatic Conserv 22: 113−121

Andrews-Goff V, Hindell MA, Field IC, Wheatley KE, Char-
rassin JB (2010) Factors influencing the winter haulout
behaviour of Weddell seals:  consequences for satellite
telemetry. Endang Species Res 10: 83−92

Belikov SE, Boltunov AN (1998) The ringed seal (Phoca hisp-
ida) in the western Russian Arctic. In:  Heide-Jørgensen
MP, Lydersen C (eds) Ringed seals in the North Atlantic.
NAMMCO, Tromsø, p 83−99

Beyer HL (2004) Hawth’s analysis tools for ArcGIS. Avail-
able at www.spatialecology.com/htools (accessed 5
October 2011)

Blackwell SB, Lawson JW, Williams MT (2004) Tolerance by
ringed seals (Phoca hispida) to impact pipe-driving and
construction sounds at an oil production island. J Acoust
Soc Am 115: 2346−2357

Boily P (1995) Theoretical heat flux in water and habitat
selection of phocid seals and beluga whales during the
annual molt. J Theor Biol 172: 235−244

Born EW, Riget FF, Dietz R, Andriashek D (1999) Escape
responses of hauled out ringed seals (Phoca hispida) to
aircraft disturbance. Polar Biol 21: 171−178

Born E, Teilmann WJ, Riget F (2002) Haul-out activity of
ringed seals (Phoca hispida) determined from satellite
telemetry. Mar Mamm Sci 18: 167−181

Cagnacci F, Boitani L, Powell RA, Boyce MS (2010) Animal
ecology meets GPS-based radiotelemetry:  a perfect
storm of opportunities and challenges. Philos Trans R Soc
Lond B Biol Sci 365: 2157−2162

Calenge C (2006) The package adehabitat for the R soft-
ware:  a tool for the analysis of space and habitat use by
animals. Ecol Model 197: 516−519

Carlens H, Lydersen C, Krafft BA, Kovacs KM (2006) Spring
haul-out behaviour of ringed seals (Pusa hispida) in
Kongsfjorden, Svalbard. Mar Mamm Sci 22: 379−393

Cunningham L, Baxter JM, Boyd IL, Duck CD, Lonergan M,
Moss SE, McConnell B (2009) Harbour seal movements
and haul-out patterns:  implications for monitoring and
management. Aquatic Conserv 19: 398−407

ESRI (Environmental Systems Research Institute) (2008)
ArcGIS Desktop 9.3. ESRI, Redlands, CA

Finley KJ (1979) Haul-out behaviour and densities of ringed
seals (Phoca hispida) in the Barrow Strait area, N.W.T.
Can J Zool 57: 1985−1997

Getz WM, Wilmers CC (2004) A local nearest-neighbor con-
vex-hull construction of home ranges and utilization dis-
tributions. Ecography 27: 489−505

Getz WM, Fortmann-Roe S, Cross PC, Lyons AJ, Ryan SJ,
Wilmers CC (2007) LoCoH:  nonparametric kernel meth-
ods for constructing home ranges and utilization distri-
butions. PLoS ONE 2: e207

Härkönen T, Jüssi M, Jüssi I, Verevkin M and others (2008)
Seasonal activity budget of adult Baltic ringed seals.
PLos ONE 3: e2006

Harris S, Creswell WJ, Forde PG, Trewhella WJ, Woollard T,
Wray S (1990) Home-range analysis using radio-tracking
data − a review of problems and techniques particularly
as applied to the study of mammals. Mammal Rev 20: 
97−123

Harwood LA, Stirling I (1992) Distribution of ringed seals in
the southeastern Beaufort Sea during late summer. Can J
Zool 70: 891−900

Heide-Jørgensen MP, Lydersen C (1998) Introduction. In: 
Heide-Jørgensen MP, Lydersen C (eds) Ringed seals in
the North Atlantic. NAMMCO, Tromsø, p 5−8

Heide-Jørgensen MP, Stewart BS, Leatherwood S (1992)
Satellite tracking of ringed seals Phoca hispida off north-
west Greenland. Ecography 15: 56−61

Henry E, Hammill MO (2001) Impact of small boats on the
haulout activity of harbour seals (Phoca vitulina) in Métis
Bay, Saint Lawrence Estuary, Québec, Canada. Aquat
Mamm 27: 140−148

Hosmer DW, Lemeshow S (2000) Applied logistic regres-
sion. John Wiley & Sons, New York, NY

Hyvärinen H, Hämäläinen E, Kunnasranta M (1995) Diving
behavior of the Saimaa ringed seal (Phoca hispida
saimensis Nordq.). Mar Mamm Sci 11: 324−334

Johnson A, Acevedo-Gutiérrez A (2007) Regulation compli-
ance by vessels and disturbance of harbour seals (Phoca
vitulina). Can J Zool 85: 290−294

Jurvelius J, Lindem T, Heikkinen T (1988) The size of a ven-
dace, Coregonus albula L., stock in a deep lake basin
monitored by hydroacoustic methods. J Fish Biol 32: 
679−687

Jurvelius J, Lilja J, Hirvonen E, Riikonen R, Marjomäki TJ
(2000) Under ice density and mobility of fish in winter-
seining area of two Finnish lakes as revealed by echo-
survey. Aquat Living Resour 13: 403−408

Kelly BP, Quakenbush LT (1990) Spatiotemporal use of lairs
by ringed seals (Phoca hispida). Can J Zool 68: 2503−2512

Kelly BP, Burns JJ, Quakenbush LT (1988) Responses of
ringed seals (Phoca hispida) to noise disturbance. In: 
Sackinger WM, Jeffries MO (eds) Port and ocean
engineering under Arctic conditions, Vol II. Sympo-
sium on Noise and Marine Mammals. Geophysical
Institute, University of Alaska Fairbanks, Fairbanks,
AK, p 27−38

123

http://dx.doi.org/10.1139/z90-350
http://dx.doi.org/10.1016/S0990-7440(00)01061-5
http://dx.doi.org/10.1111/j.1095-8649.1988.tb05408.x
http://dx.doi.org/10.1139/Z06-213
http://dx.doi.org/10.1111/j.1748-7692.1995.tb00288.x
http://dx.doi.org/10.1111/j.1600-0587.1992.tb00008.x
http://dx.doi.org/10.1139/z92-127
http://dx.doi.org/10.1111/j.1365-2907.1990.tb00106.x
http://dx.doi.org/10.1371/journal.pone.0000207
http://dx.doi.org/10.1111/j.0906-7590.2004.03835.x
http://dx.doi.org/10.1139/z79-263
http://dx.doi.org/10.1002/aqc.983
http://dx.doi.org/10.1111/j.1748-7692.2006.00034.x
http://dx.doi.org/10.1016/j.ecolmodel.2006.03.017
http://dx.doi.org/10.1098/rstb.2010.0107
http://dx.doi.org/10.1111/j.1748-7692.2002.tb01026.x
http://dx.doi.org/10.1007/s003000050349
http://dx.doi.org/10.1006/jtbi.1995.0020
http://dx.doi.org/10.1121/1.1701899
http://dx.doi.org/10.3354/esr00257
http://dx.doi.org/10.1002/aqc.1244


Endang Species Res 22: 115–124, 2013

Kelly BP, Badajos OH, Kunnasranta M, Moran JR, Martinez-
Bakker M, Wartzok D, Boveng P (2010) Seasonal home
ranges and fidelity to breeding sites among ringed seals.
Polar Biol 33: 1095−1109

Kochanny CO, Delgiudice GD, Fieberg J (2009) Comparing
global positioning system and very high frequency
telemetry home ranges of white-tailed deer. J Wildl
Manag 73: 779−787

Koskela JT, Kunnasranta M, Hämäläinen E, Hyvärinen H
(2002) Movements and use of haul-out sites of radio-
tagged Saimaa ringed seal (Phoca hispida saimensis
Nordq.) during the open-water season. Ann Zool Fenn
39: 59−67

Kovacs KM, Aguilar A, Aurioles D, Burkanov V and others
(2012) Global threats to pinnipeds. Mar Mamm Sci 28: 
414−436

Kunnasranta M (2001) Behavioural biology of two ringed
seal (Phoca hispida) subspecies in the large European
lakes Saimaa and Ladoga. PhD dissertation, University of
Joensuu

Kunnasranta M, Hyvärinen H, Sipilä T, Koskela JT (1999)
The diet of the Saimaa ringed seal Phoca hispida saimen-
sis. Acta Theriol 44: 443−450

Kunnasranta M, Hyvärinen H, Häkkinen J, Koskela JT
(2002) Dive types and circadian behaviour patterns of
Saimaa ringed seals Phoca hispida saimensis during the
open-water season. Acta Theriol 47: 63−72

Lydersen C (1991) Monitoring ringed seal (Phoca hispida)
activity by means of acoustic telemetry. Can J Zool 69: 
1178−1182

McConnell B, Beaton R, Bryant E, Hunter C, Lovell P, Hall A
(2004) Phoning home—a new GSM mobile phone
telemetry system to collect mark-recapture data. Mar
Mamm Sci 20: 274−283

Ministry of the Environment (2011) Saimaannorpan suo-
jelun strategia ja toimenpidesuunnitelma (Conservation
strategy and action plan of the Saimaa ringed seal). Min-
istry of the Environment, Helsinki (in Finnish)

Moulton VD, Richardson WJ, McDonald TL, Elliott RE,
Williams MT (2002) Factors influencing local abundance
and haulout behaviour of ringed seals (Phoca hispida) on
landfast ice of the Alaskan Beaufort Sea. Can J Zool 80: 
1900−1917

Niemi M, Auttila M, Viljanen M, Kunnasranta M (2012)
Movement data and their application for assessing the
current distribution and conservation needs of the endan-
gered Saimaa ringed seal. Endang Species Res 19: 99−108

Osinga N, Nussbaum SB, Brakefield PM, Udo de Haes HA
(2012) Response of common seals (Phoca vitulina) to
human disturbances in the Dollar estuary of the Wadden
Sea. Mamm Biol 77: 281−287

Paterson W, Sparling CE, Thompson D, Pomeroy PP, Currie
JI, McCafferty DJ (2012) Seals like it hot:  changes in sur-
face temperature of harbour seals (Phoca vitulina) from
late pregnancy to moult. J Therm Biol 37: 454−461

Pauli BD, Terhune JM (1987a) Meteorological influences on
harbour seal haul-out. Aquat Mamm 13: 114−118

Pauli BD, Terhune JM (1987b) Tidal and temporal interac-
tion on harbour seal haul-out patterns. Aquat Mamm 13: 
93−95

R Development Core Team (2011) R:  a language and envi-
ronment for statistical computing. R Foundation for Sta-
tistical Computing, Vienna. Available at www.R-pro-
ject.org/ (accessed 13 October 2011)

Sato K, Tsuchiya Y, Kudoh S, Naito Y (2003) Meteorological
factors affecting the number of Weddell seals hauling-
out on the ice during the molting season at Syowa Sta-
tion, East Antarctica. Polar Biosci 16: 98−103

Sipilä T (2003) Conservation biology of Saimaa ringed seal
(Phoca hispida saimensis) with reference to other Euro-
pean seal populations. PhD dissertation, University of
Helsinki

Sipilä T, Hyvärinen H (1998) Status and biology of Saimaa
(Phoca hispida saimensis) and Ladoga (Phoca hispida
ladogensis) ringed seals. In:  Heide-Jørgensen MP,
Lydersen C (eds) Ringed seals in the North Atlantic.
NAMMCO, Tromsø, p 83−99

Sjöberg M, McConnell B, Fedak M (1999) Haulout patterns
of grey seals Halichoerus grypus in the Baltic Sea. Wildl
Biol 5: 37−47

Smith TG (1973a) Population dynamics of the ringed seal in
the Canadian eastern Arctic. Bull Fish Res Board Can
181: 1−55

Smith TG (1973b) Censusing and estimating the size of
ringed seal populations. Fish Res Board Can Tech Rep
427:  1−18

Smith TG (1987) The ringed seal, Phoca hispida, of the
Canadian Western Arctic. Can Bull Fish Aquat Sci 216: 
1−81

Smith TG, Hammill MO (1981) Ecology of the ringed seal,
Phoca hispida, in its fast ice breeding habitat. Can J Zool
59: 966−981

Suryan RM, Harvey JT (1999) Variability in reactions of
Pacific harbour seals, Phoca vitulina richardsi, to distur-
bance. Fish Bull 97: 332−339

Teilmann JE, Born W, Acquarone M (1999) Behaviour of
ringed seals tagged with satellite transmitters in the
North Water polynya during fast-ice formation. Can J
Zool 77: 1934−1946

Tonder M, Jurvelius J (2004) Attitudes towards fishery and
conservation of the Saimaa ringed seal in Lake Pihla-
javesi, Finland. Environ Conserv 31: 122−129

Valtonen M, Palo JU, Ruokonen M, Kunnasranta M, Nyman
T (2012) Spatial and temporal variation in genetic diver-
sity of an endangered freshwater seal. Conserv Genet
13: 1231−1245

Yochem PK, Stewart BS, DeLong RL, DeMaster DP (1987)
Diel haul-out patterns and site fidelity of harbor seals
(Phoca vitulina richardsi) on San Miguel island, Califor-
nia, in autumn. Mar Mamm Sci 3: 323−332

124

Editorial responsibility: Philip Stephens,
Durham, UK

Submitted: April 4, 2013; Accepted: August 23, 2013
Proofs received from author(s): November 5, 2013

http://dx.doi.org/10.1111/j.1748-7692.1987.tb00319.x
http://dx.doi.org/10.1007/s10592-012-0367-5
http://dx.doi.org/10.1017/S0376892904001201
http://dx.doi.org/10.1139/z81-135
http://dx.doi.org/10.1016/j.jtherbio.2012.03.004
http://dx.doi.org/10.3354/esr00468
http://dx.doi.org/10.1139/z02-173
http://dx.doi.org/10.1111/j.1748-7692.2004.tb01156.x
http://dx.doi.org/10.1139/z91-167
http://dx.doi.org/10.1007/BF03193567
http://dx.doi.org/10.1111/j.1748-7692.2011.00479.x
http://dx.doi.org/10.2193/2008-394
http://dx.doi.org/10.1007/s00300-010-0796-x

	cite28: 
	cite5: 
	cite14: 
	cite27: 
	cite13: 
	cite1: 
	cite26: 
	cite12: 
	cite25: 
	cite11: 
	cite24: 
	cite37: 
	cite10: 
	cite23: 
	cite36: 
	cite6: 
	cite22: 
	cite35: 
	cite4: 
	cite21: 
	cite34: 
	cite19: 
	cite2: 
	cite20: 
	cite33: 
	cite18: 
	cite32: 
	cite17: 
	cite31: 
	cite16: 
	cite9: 
	cite29: 
	cite7: 
	cite30: 


