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Abstract

Climate change, together with increasing human activity, poses a threat to the breeding suc-

cess of endangered landlocked ringed seals (Phoca hispida saimensis). In this study, we

estimated the spatial ecology of Saimaa ringed seals during the breeding season in the ice-

covered period of December-April. The telemetry data on tagged seals (n = 20), with a total

of 25 separate tracking periods and birth lair locations (n = 59) of non-tagged seals, were

studied to estimate the movement ecology and breeding density. The movements of the

ringed seals were more restricted during the ice-covered season; the total home range size

(average 7.4 km2) in winter was 13 times smaller than that in summer. Individual tagged

seals occupied an average of 5 ± 3 SD subnivean haul outs (snow lairs or ice cavities), and

the mean distance between the haul outs was 1.6 ± 1.1 SD km (range 0.2–5.9 km). More-

over, our data indicated that ringed seal females likely exhibited breeding time avoidance of

each other’s core areas, which may indicate some degree of territoriality. This was sup-

ported by the findings that the core areas (mean 1.2 km2) of tagged adult females (n = 9),

did not overlap with each other. Also data on non-tagged seals showed that females did not

give birth to pups within the core area radius of other parturient females. This study, together

with earlier findings on the home ranges of nursed pups and perinatal mortality rates, has

implications into land usage planning in Lake Saimaa by highlighting the need of undis-

turbed area between seal lairs and anthropogenic disturbances.

Introduction

The life history and global distribution of ringed seals (Phoca hispida) are tied closely to land-

fast or heavy pack ice, where the seals maintain breathing holes. When sufficient snow accu-

mulates to form hummocks or pressure ridges, the seals dig subnivean lairs in the snow, cover-

ing the breathing holes [1, 2]. Similarly, the freshwater subspecies (P. h. saimensis and P. h.

ladogensis) construct their lairs in the snowdrifts formed on the shorelines of islands and islets
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[3–5]. The lairs protect the ringed seals from predation and cold by providing a sheltered plat-

form for resting (haul out lairs) and giving birth as well as nursing (birth lairs). A female gives

birth to a single pup in a subnivean lair and nurses it for 6–8 weeks in the Arctic [2, 6] and

7–12 weeks in freshwater lakes [7, 8]. In general, the nursing time of the ringed seal is among

the longest of the phocid seals [9].

Ringed seals are regarded as a sedentary species (e.g., [10]) but are capable of long distance

movements of over 1,000 km in the Arctic. These long distance movements are typical for the

open water season and are related to sea-ice edge movements and post-molting feeding excur-

sions [11–15]. In the ice-covered season, the adult ringed seals are known to be more localized

[12, 13, 16, 17]. In the lacustrine habitat, the movements of the ringed seals are suggested to be

more constricted year-round [18–21]. In addition, ringed seals exhibit interannual site fidelity

for their breeding areas [17, 22]; the strongest evidence of fidelity has been discovered in Lake

Saimaa [3, 23], where the females exhibit an especially high degree of philopatry [24]. The

ringed seal males are known to be slightly polygynous and show aggressive behavior towards

other males [25], but very little is known about the female behavior in winter.

The ringed seal is one of the northern seals most vulnerable to the declines in the extent or

quality of ice and snow cover [26–29]. Premature ice break-up and early lair collapse leave

pups subject to increased predation, human disturbances and exposure to extreme weather

conditions [30–33]. Climate change has negative effects in the endangered Saimaa ringed seal

population, especially on juvenile survival [34, 35], which is already weakened due to inciden-

tal by-catch mortality [36–38]. To date, fishing restrictions have been established (e.g., [8]),

and the negative effects of mild winters have been mitigated by a unique method in which vol-

unteers pile snow along the shorelines, and the ringed seals adopt these drifts as their breeding

and haul out sites [39]. Recent findings on the negative effects of land usage and other human

activities on the Saimaa ringed seal population [40] suggest urgent spatial conservation needs

during the breeding season, when the ringed seal is suggested to be the most sensitive to

disturbance.

The aim of this study was to estimate the movement ecology of the Saimaa ringed seal in

winter, with a special focus on the females. The knowledge of movement during the ice-cov-

ered period is particularly important because the current population estimates are based on

the number and distribution of observed snow lairs [4, 37]. Therefore, the findings of this

study can have direct implications for the conservation and monitoring of the Saimaa ringed

seal in the changing climate.

Materials and methods

Lake Saimaa, which is situated in southeastern Finland (61˚ 05’ to 62˚ 36’ N, 27˚ 15’ to 30˚ 00’

E), includes several interconnected water basins and is inhabited by a ringed seal subspecies

with a current population of around 400 individuals [41]. The lake (4,400 km2) is approxi-

mately 180 km in length and 140 km in width with a mean depth of 12 m and a maximum

depth of 85 m [42].

Between 1999 and 2017, tagged Saimaa ringed seals (10 males and 10 females) were tracked

from late spring to the following winter, covering at least one month of the ice-covered season

(Table 1). Four individuals had multiple interannual tracking periods. Individual annual

results were taken into account, creating a total of 25 tracking data sets (Tables 1 and 2) that

were treated as repeated measurements in the statistical analyses. The seals were captured at

the end of the molting season in late May–early June (see [21]) in central Lake Saimaa. Overall,

16 VHF radio tags (ATS, USA), seven GPS phone tags (SMRU, UK) and two GPS-Argos satel-

lite tags (SPLASH 10-F-297A, Wildlife Computers, USA) were attached by two-component
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Table 1. Description of the tagged Saimaa ringed seals.

Ice cover

Seal ID Age/ Sex Kg Tracking method Total tracking season

dd/mo/yy

Ice-covered tracking season

dd/mo/yy

Ice melt

Body length (cm)� Start End n Fixes Days n Fixes/d Start End n Fixes Days n Fixes/d

MI99 Ad F 66 VHF 25/05/

99

14/04/

00

70 325 0.2 21/12/

99

14/04/

00

34 115 0.3 08/12/

99

30/04/

00

UR99 Sub M 37 VHF 26/05/

99

28/03/

00

54 307 0.2 30/12/

99

28/03/

00

18 89 0.2 08/12/

99

30/04/

00

Ad M 60 126 VHF 30/05/

06

29/04/

07

119 334 0.4 31/01/

07

24/04/

07

43 83 0.5 12/01/

07

24/04/

07

Ad M 60 103 VHF 27/05/

07

03/05/

08

87 342 0.3 05/01/

08

16/04/

08

28 102 0.3 02/01/

08

02/05/

08

EL06 Ad F 58 104 VHF 21/05/

06

20/03/

07

115 303 0.4 17/01/

07

20/03/

07

31 62 0.5 12/01/

07

24/04/

07

HE07 Ad F 57 111 VHF 01/06/

07

03/05/

08

86 337 0.3 02/01/

08

15/04/

08

37 104 0.4 02/01/

08

02/05/

08

Ad F 58 125 VHF 22/05/

11

11/04/

12

135 325 0.4 22/01/

12

11/04/

12

39 80 0.5 02/01/

12

07/05/

12

KJ07 Ad M 52 110 VHF 25/05/

07

03/05/

08

72 344 0.2 02/01/

08

16/04/

08

20 105 0.2 02/01/

08

02/05/

08

TO07 Ad M 55 113 GPS/GSM 03/06/

09

30/03/

10

3860 300 12.9 14/12/

09

28/03/

10

201 104 1.9 14/12/

09

04/05/

10

PA09 Sub M 27 90 VHF 22/05/

09

31/03/

10

117 313 0.4 22/12/

09

31/03/

10

16 99 0.2 14/12/

09

04/05/

10

KA10 Ad F 42 115 VHF 21/05/

10

27/02/

11

104 282 0.4 08/12/

10

27/02/

11

27 81 0.3 27/11/

10

08/05/

11

NO10 Sub F 32 99 VHF 25/05/

10

05/04/

11

138 315 0.4 02/12/

10

05/04/

11

60 124 0.5 27/11/

10

08/05/

11

OL10 Ad F 59 126 GPS/GSM 31/05/

10

02/04/

11

2793 306 9.1 27/11/

10

02/04/

11

638 126 5.1 27/11/

10

08/05/

11

Ad F 60 132 VHF 21/05/

11

05/04/

12

131 320 0.4 16/01/

12

05/04/

12

37 80 0.5 02/01/

12

07/05/

12

LI10 Ad F 48 111 VHF 21/05/

10

01/04/

11

109 315 0.3 02/12/

10

01/04/

11

54 120 0.5 27/11/

10

08/05/

11

TE07 Ad F 40 114 VHF 27/05/

07

09/09/

08

147 471 0.3 04/02/

08

02/05/

08

38 88 0.4 02/01/

08

02/05/

08

Ad F 52 113 GPS/GSM 31/05/

11

13/02/

12

6424 258 24.9 02/01/

12

13/02/

12

122 42 2.9 02/01/

12

07/05/

12

AS12 Ad M 57 135 GPS/GSM 20/05/

12

09/01/

13

5417 234 23.1 02/12/

12

09/01/

13

239 38 6.3 02/12/

12

05/05/

13

VO12 Ad M 63 130 GPS/GSM 28/05/

12

02/04/

13

2045 309 6.6 02/12/

12

02/04/

13

83 121 0.7 02/12/

12

05/05/

13

HH12 Ad F 42 109 VHF 24/05/

12

01/03/

13

83 281 0.3 07/12/

12

01/03/

13

25 84 0.3 02/12/

12

05/05/

13

NI09 Ad M 59 129 VHF 31/05/

12

02/04/

13

118 306 0.4 08/12/

12

02/04/

13

37 115 0.3 02/12/

12

05/05/

13

MI13 Ad M 57 133 GPS/GSM 03/06/

13

26/04/

14

2277 327 7.0 11/01/

14

12/04/

14

107 91 1.2 11/01/

14

13/04/

14

JE14 Ad M 56 124 GPS/GSM 27/05/

14

08/02/

15

3891 257 15.1 13/01/

15

08/02/

15

30 26 1.2 11/01/

15

08/04/

15

PA16 Ad M 50 114 GPS/Argos 27/05/

16

26/02/

17

288 275 1.0 10/01/

17

26/02/

17

22 47 0.5 04/01/

17

24/04/

17

PI16 Ad F 47 115 GPS/Argos 29/05/

16

28/02/

17

530 275 1.9 15/01/

17

28/02/

17

55 44 1.3 04/01/

17

24/04/

17

Average 52 117 1168 310 4.3 82 87 1.1

Individuals with multiple tracking seasons are shown in light gray. Ad = adult, Sub = subadult, F = female, M = male, d = day.

�Nose-tail measure.

https://doi.org/10.1371/journal.pone.0210266.t001
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epoxy glue to the seals’ dorsal pelage. The units were positioned with the antennae pointing

backward (except for OL10 during the season of 2010–11, Table 1) for protection during ice

conditions. The seals studied during each tracking period (n = 25) were categorized as sub-

adults (n = 3, body length <100 cm and mass <40 kg) and adults (n = 22, Table 1). Ringed

seals lose weight during the spring due to reproductive and molting activities [33, 43], and the

length measurements of living individuals in field conditions are often inaccurate. Therefore,

other age measurement criteria, such as known breeding or the earlier identified as an adult

verified by photo-identification data [44], were also used for some of the smaller individuals,

which were consequently classified as adults, although their lengths or weights did not fully fit

the adult seal criteria [33]. After tagging, seals were released in the vicinity of their capture

sites. Capture and handling methods were reviewed and approved by the local environmental

authority Centre for Economic Development, Transport and the Environment (ESAELY/433/

07.01/2012 and ESA-2008-L-519-254) and the Animal Experiment Board in Finland (ESAVI/

8269/04.10.07/2013 and ESAVI-2010-08380/Ym-23) and their regulations were followed. The

research was partly conducted in the Linnansaari National Park and carried out under the

state-owned enterprise Metsähallitus research permit (921/662/2006). Metsähallitus is respon-

sible for the management of one third of Finland’s surface area. No other permits were needed

to conduct the research.

Lake Saimaa typically freezes completely in approximately two weeks, and the whole lake is

normally covered in ice from December to beginning of May. The data was used from the

period of time between the lake freezing up and the ice melting [45] or during tag drop off in

the early stage of the early spring molting season (Table 1). Individuals with VHF tags (n = 16)

were located on average three times per week (both effort and success rate) using multichannel

receivers (AR 8000, AOR Ltd, and Icom IC-R20, Japan) in combination with handheld, three-

element, directional antennae (ATS). The VHF fixes were collected by triangulation from

receivers typically traveling by snowmobiles on ice (estimated location error of 100 m [38]).

The maximum bearing capacity of the VHF signal varied in the range of 3–5 km under field

conditions, depending on the landscape and weather as well as whether the animal was hauled

out or submerged in water. Animals hauled out in the snow lairs or other subnivean structures

were estimated by a regular unbroken signal series. Due to the freshwater environment, the

radio signal can be detected underwater, enabling the detection of the haulout sites situated in

underwater ice cavities. Contrary to when the seal is diving, the signal remains continuous,

and the signal volume remains stable when the seal is hauled out. Individuals with GPS-phone

tags (n = 7) were tracked with a location interval set at 20–30 min and a GSM call interval of

12 hours. The GPS-phone tags also provided data on each haul out and dive. Individuals with

GPS-Argos tags (n = 2) were tracked with a GPS location interval set at 20 min with a maxi-

mum of six fast-GPSs per day (max 12 attempts) and a transmit control daily allowance of 110.

In addition to the GPS locations (accuracy of 25–70 m [46]), the Argos class three locations

with an estimated error of<250 m were utilized. The haul out locations could be separated

from the underwater locations based on the tag wet-dry sensors.

The breeding success and population size of the Saimaa ringed seal are currently estimated

based on the annual lair censuses. The observed haul out sites of the tracked seals in this study

were investigated during these censuses in April (see [37]). Each observed location within the

home range of the tagged individuals was examined, and the structure was classified as a birth

lair if there were signs of pup (lanugo hair, dead pup or placenta). Other locations (with or

without lair structures) were classified as haul outs.

To estimate the breeding density of the ringed seal females, the location data on lairs of

non-tagged parturient females (n = 59) in study area were used. Pinniped females do not con-

sume placentas after birth [47, 48]; thus, the presence of a placenta can be used as confirmation
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of pup birth in a specific location. Therefore, the exact birth locations in the main study area

were confirmed, based on the finding of placentas and dead pups collected in underwater sur-

veys in years 2011–2013 [39, 49]. During the study years, 46% of the birth lairs classified by

lanugo hair could be confirmed based on the finding of a placenta [39].

Home range estimates can indicate areas and habitats for various behavior patterns. It is

widely recognized that 100% home ranges reveal the entire feeding and excursion area of an

individual, while 50% of the home range represents a smaller core areas(s) where most of the

activities concentrate (e.g., [50]). Winter telemetry data was characterized by low numbers of

fixes. This was especially seen in GPS-phone tag records from ice-covered season (on average

2.8 location / day, Table 1) compared to data gathered during the open-water season (18 loca-

tion / day; see [21]). In addition, most of the locations were clustered around haul-out sites (S1

Table). We used the basic minimum convex polygon (MCP) method, which indicates the max-

imum area used, to describe the total winter time home ranges (100%) and core areas (50%) of

the tracked seals using the AniMove plugin 1.4.2 in the open source QGIS (Quantum GIS

Development Team, version 2.14.18, 2016, USA). The MCP method was chosen because it

delineates the range using the outermost location points and does not account for the density

of the recorded locations [51]. More advanced techniques, such as Local Convex Hull

(LoCoH) models, do not perform well on small datasets [52] and therefore MCP 100%

approach was likely more appropriate for conservation purpose, which was the main focus of

this study.

The overlap of home ranges was explored between the individuals from neighboring home

ranges. As the Saimaa ringed seal is known for its high degree of site fidelity (e.g., [24]), we

assumed that the individual seals use the same home ranges year to year; therefore, neighbors

could be investigated even when tracked in different study years. Furthermore, a recent photo-

identification study (see [44]) confirmed that all neighboring seals were alive throughout the

study period. It may be possible that there were other non-tagged seals in the same areas;

therefore, the placenta findings were examined with respect to the breeding density indepen-

dent from the instrumentation. The percent of spatial overlap of the interannual home ranges

of four individuals were calculated according to Bernstein et al. [53]. To investigate the breed-

ing density and female wintertime home ranges, the mean core area radius of the tracked

females was used (buffered) to create an area around the confirmed birth lairs (placenta data).

We conducted all the map analyses by using QGIS and its plugins.

We examined the possible effects of the number of fixes, tracking duration and sex on the

home range size (Log10 transformed for normal distribution) and the number of haul outs

using generalized linear mixed models (GLMM) in IBM SPSS statistics 23. Only the data of the

adults were taken into account in the statistical analyses. To correct the pseudoreplication of

the same individuals tracked over several seasons, we used seal identity as a random effect. The

interactions of the effects could not be fitted to the home range analyses in SPSS. Furthermore,

the general linear model (GLM) was used to test the sex differences in the mean haul out dis-

tances. Due to the small sample size, it was not possible to test statistically the effect of tag type.

However, there was no indication that the tag type affected the results (see further Fig 1). As

there was high variation in the number of fixes between datasets, we plotted the number of

fixes and home range sizes for each individual to investigate the accuracy of the home range

estimates, which were subsequently considered to be reliable (S1 Fig).

Results

The mean home range size of all tagged seals (MCP100% ± SD) was 7.4 ± 6.1 km2 (Table 2, S1

Table). The number of fixes and tracking duration (GLMM, F(1, 18), p> 0.05, S2 Table) did not
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affect the estimated adults home range sizes. However, the mean total home range sizes of the

adult males were significantly larger than those of the adult females (Table 2 and Fig 2,

GLMM, F(1, 18) = 9.255, p = 0.007, S2 Table). The core area (50%) of the adult seals (1.6 ± 1.6

Table 2. Saimaa ringed seal winter season home ranges (mean ± SD, km2), number of haul out sites, and the portion (%) of haul out sites confirmed to have lair

structures. The data consist of 20 tagged seals, from which four had multiple interannual tracking periods, making the total n 25.

n MCP100 MCP50 Haul out sites (% were found to be lairs) Haul out sites (lair % of found lairs) in core area

Adult F 12 4.5 ± 2.9 1.2 ± 1.1 4.5 ± 2.1 (43%) 2.6 ± 1.3 (68%)

Adult M 10 11.5 ± 7.3 2.1 ± 2.0 5.0 ± 3.2 (14%) 2.1 ± 1.4 (86%)

Subadult 3 5.2 ± 4.6 1.9 ± 2.4 3.7 ± 3.1 (46%) 1.7 ± 1.2 (60%)

Total 25 7.4 ± 6.1 1.7 ± 1.7 4.5 ± 2.6 (30%) 2.2 ± 1.3 (71%)

https://doi.org/10.1371/journal.pone.0210266.t002

Fig 1. A-B) Sizes of the home ranges (km2) and C) number of the haul outs of the adult male and female Saimaa ringed seals tracked with different tag types.

VHF = very high frequency radio tags, and GPS/GSM and GPS/Argos = satellite-based tags. The number of animals tracked with each tag is shown above the

plots in Figure A.

https://doi.org/10.1371/journal.pone.0210266.g001
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km2) was similar in size for both sexes (Table 2 and Fig 2, GLMM: F(1, 18) = 0.693, p = 0.416, S2

Table) and there was no apparent differences between sexes in the effect of different tracking

methods (VHF vs. GPS-based; Fig 1).

The study period of the individual seals ranged from 26 to 126 days and covered in majority

of the cases part of the main breeding season in February–March (Table 1). On average, we

obtained one location per animal per day (VHF 0.3, GPS-GSM 2.8 and GPS-Argos 0.9). There

was evidence of parturition in three of the tagged females. In the first case, the birth of a live

pup was confirmed during annual lair census. In the second case, the pup was stillborn, and, in

the third case, the pup was nursed on the ice after the female abandoned a lair that collapsed

due to poor snow conditions. The animals moved in smaller areas during the wintertime than

during the open-water season (Fig 3B). Two subadult males overwintered in the edges of the

study area (Fig 3A).

Annually and interannually, the tagged individual females’ core areas did not overlap with

each other. In one instance, a male core area overlapped with both another male and a female seal

(Fig 3). The home ranges of the four individuals with multiple interannual tracking seasons over-

lapped on an average of 28% (range 13–56%) (MCP100; 31%, MCP50; 27%). One exception was a

male (UR99, Table 1) that had three different tracking seasons. Home range center point of suba-

dulthood differed 24 km from those of adulthood (not included in the average). The center points

of each of the adult (n = 4) interannual home ranges and core areas (MCP100 and MCP50) were

an average of 800 ± 420 SD m and 550 ± 330 m apart from each other, respectively.

The average number of haul out sites (lairs or other subnivean structures) per tagged seal

was 4.5, but there was a large individual variation in the site numbers (range 0–10; Table 2, S1

Table and Fig 4). The sex, number of the fixes, the tracking duration or their interactions did

Fig 2. Average ± SD home range sizes (MCP50% and 100%) of the Saimaa ringed seals. Adult males (M) had

statistically larger total home ranges (100%) than those of the females (F), but the core area sizes (MCP50%) were

similar.

https://doi.org/10.1371/journal.pone.0210266.g002
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not effect to the number of the haul outs statistically (GLMM, Poisson-fitted, S2 Table). The

mean ± SD distance between the haul out sites of the individual seals was 1.6 ± 1.1 km (range

0.2–5.9 km). The haul out sites (n = 50) individually used by adult males were significantly

(GLM, F(1) = 60.706 p = 0.000) further apart from each other (mean ± SD: 1.9 ± 1.3 km, range

0.2–5.9 km) compared with those (n = 51) used by the adult females (1.2˚± 0.7 km, range 0.2–

3.0 km). Overall, the haul out sites of individual seals were situated an average ± SD of 1.7 ±
2.1 km2 inside their home ranges (adult males 2.7 ± 2.9 km2, adult females 1.0 ± 0.9 km2).

During the annual lair census, only 30% of the overall haul out sites detected with telemetry

were confirmed to have visible lair structures (Table 2). Almost half of the tracked adult female

haul out sites (43%) showed lair structures compared with only 14% of the male haul out site.

Most of the tracked seals, both in visible lairs and other haul outs, were situated inside of their

core areas (Table 2 and Fig 4). The core areas of four tagged males also contained birth lairs,

but the core areas of both tagged and non-tagged females did not contain other individual’s

birth lairs. Before the pupping season, two tagged males occupied lairs that were used as birth

lairs by females later in the season. The males moved to other lairs after January.

The haul out activities during the ice-covered season were recorded from the GPS-phone

tags on seven tracked seals (S3 Table). The mean ± SD period spent hauled out was 5 h 41 min

˚± 2 h 36 min (range of means 1 h 34 min– 9 h 1 min, minimum 9 min, maximum 23 h). The

mean ± SD duration between the haul out bouts was 1 d 18 h ± 1 d 13 h (range of means 4 h– 4

d 16 h, minimum 3 min, maximum 17 d 11 h).

Fig 3. A) Winter home ranges of the tagged Saimaa ringed seals (n = 20; red = adult females, blue = adult males and brown = subadult polygons, MCP100%) and core

areas (yellow = females, light blue = males and light brown = subadult line polygons, MCP50%). The core area lines of the seals with multiple interannual tracking seasons

are dotted. B) Winter home ranges and open-water tracks (black and gray lines) of the GPS-GSM tagged Saimaa ringed seals (n = 7, MCP100%). Basemap (C) Land survey

of Finland 5/2017.

https://doi.org/10.1371/journal.pone.0210266.g003
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According to the birth lair locations based on placental data (n = 59, independent from the

instrumentation), the mean annual minimum distance between two lairs of parturient females

was 3.9 km (range 0.8–16.3 km) in the study area. In addition, the buffer zones with a radius of

621 m (corresponding to the core area sizes of the tagged females) around birth lairs did not

overlap with other birth lair locations.

Discussion

Saimaa ringed seals constrict their movements during the ice-covered season in winter, when

the home range (approximately 7 km2) was 13 times smaller than that in summer (approxi-

mately 90 km2) [8, 21]. Constricted movements during the breeding season are also seen in

marine ringed seals [12–14, 17]. The adult males occupy larger areas (see also [16]), and the

home ranges were twice the size of those of the females. However, the most intensively used

core areas (1.6 km2) were similar in size with both sexes, and they were three times smaller

during the winter compared to those in the summer [8, 21]. In the tagged seals, most of the

haul out sites and all the birth lair sites were within the core areas, where the seals’ main activ-

ity was concentrated throughout the study period. In addition to haul out, the use of core areas

is linked to breeding and nursing. Female-pup pairs spend large amounts of time in the vicin-

ity of the natal site until weaning [54], and the average total home range size of the pups is

some 2.0 km2 during the nursing season [38]. Ringed seals are suggested to exhibit interannual

breeding time site fidelity [22, 55], and this was confirmed in our study, as the adult seals

stayed in the same regions during two different breeding seasons; the core areas center points

of the interannual home ranges were within around half kilometer.

We suggest that adult ringed seal females exhibit avoidance during the breeding season,

which may indicate some degree of territoriality. This suggestion was supported by our find-

ings of a lack of core area overlap between the adult females. During the breeding season,

ringed seal females may defend the most intensively used home range areas against other

females, or they may simply avoid other females. Smith and Hammill [22] reported the possi-

bility that parturient female ringed seals maintain territories around potential birth lair sites,

and our study provides the strongest evidence on ringed seal female territoriality to date. The

Fig 4. An example of A) tagged female and B) tagged male Saimaa ringed seal haul outs and the lairs found in their core areas.

The map underneath the sites has been removed to protect the confidentiality of the exact lair sites of the Saimaa ringed seals.

https://doi.org/10.1371/journal.pone.0210266.g004
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lack of a core area overlap between females when related to reproduction has been reported in

many small [56–59] and some medium-sized mammals [60, 61]. Furthermore, some female

primates have been found to be more aggressive inside their core areas and avoid other females

[62, 63]. The function of female territoriality during the breeding season has been assumed to

be related to resource defense [64]. It is well known that Saimaa ringed seals exhibit high site

fidelity [4, 19, 20, 44] and that females are especially philopatric [65]. Therefore, we suggest

that a lair site with a sufficient annual snow cover for birth lair creation could be a resource

worth of interannual defense by the ringed seal females.

During the mating season, slightly polygynous ringed seal males [25, 66] are known to

defend underwater territories against other males around the lairs occupied by one or several

females [13, 22, 55, 67]. The evidence of males occupying female home ranges was also

observed in our data; four tagged males had females (i.e., there were birth lairs) in their core

areas. In addition, on two occasions, males occupied a lair during early winter, and a female

used the same lair for pupping later in the breeding season. This finding is in accordance with

the observations of Kelly et al. [17] of adult males sharing breathing holes with adult females

during the breeding season. Therefore, we suggest that, during the breeding season, the male

mating strategy may involve not only guarding the female but also providing resources (lairs).

There is evidence of haul out lair sharing among the ringed seals in Lake Ladoga and in the

Arctic, which has been suggested to be related to the social behavior of the Ladoga ringed seals

and the Arctic subadults rather than a mating tactic [1, 5]. In our data, there was not such evi-

dence on lair sharing.

Based on the findings in the Arctic, the adult ringed seals occupy shore-fast ice areas for

breeding, while subadults stay at the edge areas where the ice conditions are not as stable (e.g.,

[13, 25]). Similar evidence was found in our study in Lake Saimaa, where two subadult males

inhabited the edges of the breeding areas. One of these males was found seven years later as an

adult occupying a home range in the middle of the breeding area, where it stayed during two

consecutive tracking periods. This finding on subadults using the edge areas is notable and

highlights the importance of conservation awareness, not only in the main breeding areas but

also on the edges of distribution areas, which may be especially important for the subadults.

Protecting the edge areas ensures not only the next breeding cohort but also the long-term

recolonization of lake regions from where Saimaa ringed seals disappeared during the mid-20

century.

This study emphasized the importance of wintertime resting locations for the conservation

of Saimaa ringed seals. The ringed seals spent an average of almost six hours during every sec-

ond day hauled out on subnivean snow/ice structures, which is similar to duration of the haul

out patterns in the summer [20]. Most conservation efforts have been typically focused on the

seal birth sites on Lake Saimaa (e.g., [21, 37, 40, 54]), but our findings also highlight the conser-

vation needs of winter time haul out sites in general.

Our results have implications for the current population size estimation method based on

the lair censuses, especially when the individual Saimaa ringed seals may use more subnivean

structures during winter than previously considered. It was assumed that ringed seals use one

to three lairs during the winter [23]; however, in this study, the seals occupied an average 4.5

haul out sites. Kelly and Quakenbush [16] observed an average use of two to four lairs by radio

tagging ringed seals in the Alaskan Arctic. The haul out locations of the Saimaa ringed seals

were situated at a distance of 1.6 km, which is relative long distance taking account of

restricted wintertime movements. Therefore, not only the number of lairs, but also distance

between them forms challenges for reliability on population size estimate based on lairs. Nota-

bly, not all seals had visible lairs during the censuses in April, and one animal could have 10

different haul out sites. In total, only a third of the haul outs were found to be snow lairs. Some
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of the lairs may have collapsed and melted before the census; furthermore, some individuals

may have dug new lairs after the tag drop off. In addition, ringed seals use not only lairs but

also other subnivean structures (such as under ice air spaces) for resting. Therefore, we suggest

that the population estimates relying only on lair numbers and distribution [37] may not pro-

vide an accurate numbers of individuals, especially in mild winters. We suggest that lairs

should be handled with caution as an index of animal abundance due to the large individual

variation in the number of lairs used and the increasing negative effects of mild winters on the

visibility of subnivean lair structures during the censuses. Additional and alternative census

methods, such as mark-recapture approaches based on photo-identification [44], should be

taken into consideration for the safeguarding of accurate population estimates, particularly

during varied climate conditions.

The effective long-term conservation of the Saimaa ringed seal population must not only

ensure the protection of the current favorable breeding areas but also predict future habitat

needs. Although the seal population has slowly increased during the last decade [68], the cur-

rent population, at less than 400 seals, is far from the potential population level. When calculat-

ing the theoretical carrying capacity of Lake Saimaa by regarding the core areas and

accounting for the avoidance of females, and the fact that already almost third of the lake area

is no longer suitable for seal lair sites due to intensive land usage [40], over 4 000 Saimaa ringed

seals (sex ratio 1:1 [37]) could occupy the lake. According to Liukkonen et al. [40], the Saimaa

ringed seals lairs are currently located closer to the sources of anthropogenic disturbances than

they were in earlier times, and the land use intensity has a negative effect on neonate survival.

Therefore, land usage planning plays a major role in continuing the positive growth trend of

the population. We suggest that the effectiveness and transparency of decisions made regard-

ing conservation would benefit from knowledge of the spatial ecology of seals. The core area

sizes of all tagged seals (1.7 km2) found in this study, which equates ca. 700 m radius, supports

the discovery of 800 m buffer zones in studies on the home range size of the nursed pup [21]

and the link between human induced disturbances and an increased perinatal pup mortality

[40]. The minimum magnitude of the buffer zones around birth lairs should be taken into

account during land usage planning to mitigate the effects of disturbances caused by humans.

The knowledge of the spatial patterns and home ranges of endangered species is a useful

tool on which to base in situ conservation measures and to implement sustainable land use

planning in key habitats and seasons. Tracking individuals throughout the ice-covered seasons

provided insights into the movement ecology of the Saimaa ringed seal during the winter,

which is the key element related to the conservation. Climate change forms a major challenge

for the future of this endangered population. The ice thickness and the snow cover of the sub-

nivean lair have direct implications for the survival of ringed seal pups. Changing climate con-

ditions with cumulative effects of varied anthropogenic factors (e.g., [40]) may have drastic

influences on the breeding habitats and long-term survival of the population. Seals may be able

to cope with the changing environments due to behavioral plasticity, such as the timing of

reproduction and a shortened nursing period [13, 26, 69, 70]. However, due to the restricted

lake habitat and small population size, rapid adaptation response to environmental change

may include negative consequences. Therefore, active and unprejudiced conservation strate-

gies should be emphasized to mitigate the most acute threats that can be impacted, such as

bycatch mortality and habitat destruction via the industrial development of the lake. Our

results on interannual site fidelity, together with the documentation of restricted movement,

further highlight the importance of breeding time habitats as a central focus for conservation

measures. In addition, our results underline the importance of the immediate surroundings of

lair sites. Therefore, based on this study and two earlier works [21, 40], we urgently recom-

mend that environmental authorities look more closely at the role of human-disturbance-free

Winter behavior of Saimaa ringed seals

PLOS ONE | https://doi.org/10.1371/journal.pone.0210266 January 4, 2019 11 / 15

https://doi.org/10.1371/journal.pone.0210266


buffer zones in breeding areas and effectively implement those zones into the land usage plan-

ning practices of the Lake Saimaa region.
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and growth of the ringed seal (Pusa hispida saimensis) in Lake Saimaa: Implications for conservation.

Mar Mamm Sci. 2016; 32: 252–267. https://doi.org/10.1111/mms.12256

34. Liukko U-M, Henttonen H, Hanski IK, Kauhala K, Kojola I, Kyheröinen E-M, et al. Suomen nisäkkäiden
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40. Liukkonen L, Rautio A, Sipilä T, Niemi M, Auttila M, Koskela J, et al. Long-term effects of land use on

perinatal mortality in the Endangered Saimaa ringed seal population. Endanger Species Res. 2017; 34:

283–291.

41. Metsähallitus Parks & Wildlife Finland. Hyljekanta 2018 2018. Available from: http://www.metsa.fi/

saimaanorppa/hyljekanta2018.

42. Kuusisto E. Saimaa, a Living Lake. Helsinki: Tammi; 1999. 205 p.

43. Ryg M, Smith TG,Øritsland NA. Seasonal changes in body mass and body composition of ringed seals

(Phoca hispida) on Svalbard. Can J Zool. 1990; 68: 470–475.

44. Koivuniemi M, Auttila M, Niemi M, Levänen R, Kunnasranta M. Photo-ID as a tool for studying and mon-

itoring the endangered Saimaa ringed seal. Endanger Species Res. 2016; 30: 29–36.

45. Finnish Environment Institute SYKE, The Centres for Economic Development, Transport and the Envi-

ronment ELY Centres. Database: Hydrological models 2017. Available from: https://wwwp2.ymparisto.

fi/scripts/hearts/welcome.asp.

46. Wildlife Computers. Fastloc 2018. [28th of August 2018]. Available from: https://wildlifecomputers.com/

data-products/fastloc/.

Winter behavior of Saimaa ringed seals

PLOS ONE | https://doi.org/10.1371/journal.pone.0210266 January 4, 2019 14 / 15

https://doi.org/10.1007/s10592-012-0367-5
https://doi.org/10.1007/s10592-012-0367-5
http://www.ncbi.nlm.nih.gov/pubmed/18717366
https://doi.org/10.1111/mms.12256
https://doi.org/10.1111/j.1748-7692.2011.00521.x
https://doi.org/10.1111/j.1748-7692.2011.00521.x
https://doi.org/10.5735/086.051.0601
http://www.metsa.fi/saimaanorppa/hyljekanta2018
http://www.metsa.fi/saimaanorppa/hyljekanta2018
https://wwwp2.ymparisto.fi/scripts/hearts/welcome.asp
https://wwwp2.ymparisto.fi/scripts/hearts/welcome.asp
https://wildlifecomputers.com/data-products/fastloc/
https://wildlifecomputers.com/data-products/fastloc/
https://doi.org/10.1371/journal.pone.0210266


47. Kristal MB, DiPirro JM, Thompson AC. Placentophagia in humans and nonhuman mammals: Causes

and consequences. Ecol Food Nutr. 2012; 51: 177–197. https://doi.org/10.1080/03670244.2012.

661325 PMID: 22632059

48. Lavigne D, Stewart R. Energy content of harp seal placentas. J Mammal. 1979; 60: 854–856.

49. Valtonen M, Heino M, Aspi J, Buuri H, Kokkonen T, Kunnasranta M, et al. Genetic monitoring of a criti-

cally-endangered seal population based on field-collected placentas. Ann Zool Fenn. 2015; 52: 51–65.

50. Powell RA. Animal home ranges and territories and home range estimators. In: Boitani L, Fuller TK.

Research techniques in animal ecology: controversies and consequences. New York: Columbia Uni-

versity Press. 2000: pp. 65–103.

51. White G, Garrott R. Analysis of wildlife radio-tracking data. 1990.

52. Getz WM, Fortmann-Roe S, Cross PC, Lyons AJ, Ryan SJ, Wilmers CC. LoCoH: Nonparameteric Ker-

nel Methods for Constructing Home Ranges and Utilization Distributions. PLoS ONE. 2007; 2: e207.

https://doi.org/10.1371/journal.pone.0000207 PMID: 17299587

53. Bernstein NP, Richtsmeier RJ, Black RW, Montgomery BR. Home range and philopatry in the ornate

box turtle, Terrapene ornata ornata, in Iowa. Am Midl Nat. 2007; 157: 162–174.

54. Rautio A, Niemi M, Kunnasranta M, Holopainen IJ, Hyvärinen H. Vocal repertoire of the Saimaa ringed

seal (Phoca hispida saimensis) during the breeding season. Mar Mamm Sci. 2009; 25: 920–930.

https://doi.org/10.1111/j.1748-7692.2009.00299.x

55. Kelly BP, Badajos OH, Kunnasranta M, Moran JR, Martinez-Bakker M, Wartzok D, et al. Seasonal

home ranges and fidelity to breeding sites among ringed seals. Polar Biol. 2010; 33: 1095–1109.

56. Ostfeld RS. The ecology of territoriality in small mammals. Trends Ecol Evol. 1990; 5: 411–415. https://

doi.org/10.1016/0169-5347(90)90026-A PMID: 21232403

57. Steinmann AR, Priotto JW, Castillo EA, Polop JJ. Size and overlap of home range in Calomys musculi-

nus (Muridae: Sigmodontinae). Acta Theriol. 2005; 50: 197–206.

58. Blondel DV, Pino J, Phelps SM. Space use and social structure of long-tailed singing mice (Scotinomys

xerampelinus). J Mammal. 2009; 90: 715–723.

59. Rautio A, Valtonen A, Kunnasranta M. The effects of sex and season on home range in European

hedgehogs at the northern edge of the species range. Ann Zool Fenn. 2013; 50: 107–123.

60. Schmidt K, Jedrzejewski W, Okarma H. Spatial organization and social relations in the Eurasian lynx

population in Bialowieza Primeval Forest, Poland. Acta Theriol. 1997; 42: 289–312.

61. Haugen AO. Home range of the cottontail rabbit. Ecology. 1942; 23: 354–367.

62. Knott C, Beaudrot L, Snaith T, White S, Tschauner H, Planansky G. Female-female competition in Bor-

nean orangutans. Int J Primatol. 2008; 29: 975–997.

63. Miller JA, Pusey AE, Gilby IC, Schroepfer-Walker K, Markham AC, Murray CM. Competing for space:

female chimpanzees are more aggressive inside than outside their core areas. Anim Behav. 2014; 87:

147–152. https://doi.org/10.1016/j.anbehav.2013.10.023 PMID: 24436495

64. Wolff JO, Peterson JA. An offspring-defense hypothesis for territoriality in female mammals. Ethol Ecol

Evol. 1998; 10: 227–239. https://doi.org/10.1080/08927014.1998.9522854

65. Valtonen M, Palo JU, Aspi J, Ruokonen M, Kunnasranta M, Nyman T. Causes and consequences of

fine-scale population structure in a critically endangered freshwater seal. BMC Ecol. 2014; 14: 22–22.

https://doi.org/10.1186/1472-6785-14-22 PMID: 25005257

66. Yurkowski DJ, Chambellant M, Ferguson SH. Bacular and testicular growth and allometry in the ringed

seal (Pusa hispida): evidence of polygyny? J Mammal. 2011; 92: 803–810.

67. Kelly BP, Wartzok D. Ringed seal diving behavior in the breeding season. Can J Zool. 1996; 74: 1547–

1555.

68. Kunnasranta M, Niemi M, Auttila M. Saimaanorpan suojelubiologiaa: tutkimuksista toimenpiteisiin. Suo-

men Riista. 2016; 62: 71–82.

69. Smith TG, Harwood LA. Observations of neonate ringed seals, Phoca hispida, after early break-up of

the sea ice in Prince Albert Sound, Northwest Territories, Canada, spring 1998. Polar Biol. 2001; 24:

215–219.

70. Harwood LA, Smith TG, Melling H, Alikamik J, Kingsley MC. Ringed seals and sea ice in Canada’s

Western Arctic: Harvest-based monitoring 1992–2011. Arctic. 2012: 377–390.

Winter behavior of Saimaa ringed seals

PLOS ONE | https://doi.org/10.1371/journal.pone.0210266 January 4, 2019 15 / 15

https://doi.org/10.1080/03670244.2012.661325
https://doi.org/10.1080/03670244.2012.661325
http://www.ncbi.nlm.nih.gov/pubmed/22632059
https://doi.org/10.1371/journal.pone.0000207
http://www.ncbi.nlm.nih.gov/pubmed/17299587
https://doi.org/10.1111/j.1748-7692.2009.00299.x
https://doi.org/10.1016/0169-5347(90)90026-A
https://doi.org/10.1016/0169-5347(90)90026-A
http://www.ncbi.nlm.nih.gov/pubmed/21232403
https://doi.org/10.1016/j.anbehav.2013.10.023
http://www.ncbi.nlm.nih.gov/pubmed/24436495
https://doi.org/10.1080/08927014.1998.9522854
https://doi.org/10.1186/1472-6785-14-22
http://www.ncbi.nlm.nih.gov/pubmed/25005257
https://doi.org/10.1371/journal.pone.0210266

