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The last ice age created two freshwater populations of the ringed seal (Phoca hispida) in north-
ern Europe; one in Lake Saimaa and another in Lake Ladoga. During the last 8000-9000 years
these populations have lived in isolation and are now considered separate subspecies. The aim of
this thesis was to describe some aspects of the behavioural biology of these poorly known sub-
species. The diving behaviour, activity patterns and diet of the Saimaa ringed seal (P. h. saimen-
sis) were studied. In addition, underwater vocalisation and the northern breeding habitat of the
Ladoga ringed seal (P. h. ladogensis) were determined.

The Saimaa ringed seal typically spent 65-80% of the total time submerged during the open-
water season. The dive duration of the seals ranged from 2.8 min to 7.1 min, with a maximum
duration of 23 min. Long duration resting dive series of several hours occurred mostly at night or
around midday. The mean dive depth ranged from 9.8 m to 15.7 m, with a maximum of 39.6 m.
Five different dive types were observed. The functions of these dives were defined as travelling,
feeding and resting. Saimaa ringed seals showed nocturnal hauling-out during the open-water
season, after moulting. Adult seals exhibited a high degree of place fidelity.

Small schooling fish were the main prey species for the Saimaa ringed seal. Among the nine
prey species identified, perch (Perca fluviatilis), roach (Rutilus rutilus), vendace (Coregonus
albula), smelt (Osmerus eperlanus) and ruff (Acerina cernua) were the most common. The im-
portance of crustaceans in the diet was insignificant. In cafeteria tests with a captive seal the
preferred species were vendace and smelt. The captive Saimaa ringed seal displayed clear sea-
sonal variation in its feeding activity. The length of the intestinal tract in relation to body length
was shorter in the Saimaa ringed seal than in marine ringed seals.

Underwater vocalisation of the Ladoga ringed seal was rich and six different sound types
were identified, among them two sound types that have not been described previously for the
ringed seal. The northern part of Lake Ladoga is an active breeding habitat. All birth lairs and
88% of haul-out lairs were located in snowdrifts on the shorelines of islands. Some large haul-
out lairs were used by several seals. The predators, such as red fox (Vulpes vulpes) and wolf
(Canis lupus), attacked or marked some lairs. The colour of the Ladoga ringed seal pup natal hair
is dark grey.

Mervi Kunnasranta, Department of Biology, University of Joensuu, P.O. Box 111, FIN-80101
Joensuu, Finland
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1. INTRODUCTION

The ringed seal (Phoca hispida) is the most
abundant of northern seals and it is distributed
throughout the Arctic Ocean and several ad-
joining seas (Reeves 1998). In addition, Lake
Saimaa in eastern Finland and Lake Ladoga in
western Russia are each inhabited by their
own endemic subspecies: the Saimaa (P. h.
saimensis) and the Ladoga (P. h. ladogensis)
ringed seals.

Differentiation into subspecies began with
the retreat of the ice after the last glacial pe-
riod, allowing the ringed seal to follow the ice
margin to the Baltic region. About 11 000
years ago the connection to the Atlantic Ocean
was blocked, at which time the Baltic ringed
seal (P. h. botnica) was cut off from the Arc-
tic ringed seal population. Lakes Ladoga and
Saimaa were separated from the Baltic basin
about 9000 and 8000 years ago, respectively.
Since then, these subspecies have lived geo-
graphically isolated and today they differ
morphologically from each other (Hyvärinen
and Nieminen 1990). During the isolation, the
genetic variation of the Saimaa ringed seal has
drastically decreased in comparison to ringed
seals in the Arctic. In the Ladoga ringed seal,
the reduction of genetic variation seems to be
less pronounced, probably due to the histori-
cally larger effective population size (J. Palo,
personal discussions).

In earlier times, some 2000-4000 ringed
seals have lived in Lake Saimaa (Hyvärinen et
al. 1999). According to backcast estimates, at
the beginning of the 20th century the maximum
size of the population might have been about
1000 seals (Kokko et al. 1999). Later the
population decreased rapidly, even after the
year 1955, when the seal was protected. This
seal was included in the World Conservation
Union (IUCN) Red List as an Endangered spe-
cies in 1966 (Reijnders et al. 1993). By the
beginning of the 1980’s the population had
decreased to less than 150 seals (Sipilä et al.
1990). The dramatic population decline has
been attributed to high mortality caused by

fishing gear, habitat destruction, failures in
reproduction, artificial regulation of the lake
water level and human-caused disturbance
during the breeding time (Hyvärinen and
Sipilä 1984, Sipilä et al. 1990, Sipilä 1991,
1992; Ranta et al. 1996, Kokko et al. 1998,
Hyvärinen et al. 1999). During the last ten
years this highly endangered seal population
has slowly increased, due to active conserva-
tion measures, but it still only comprises 220-
250 animals.

Estimates of the Ladoga ringed seal popu-
lation size vary largely between 3000 to
20,000 seals (Antoniuk 1975, Tormosov and
Filatov 1979, Marakov and Popov 1983,
Volkov and Lapzin 1985, Yablokov 1985,
Filatov 1990), but the number given currently
is at least 5000 individuals (Sipilä et al.
1996). The hunting of the Ladoga ringed seal
was prohibited in 1980 (Sipilä and Hyvärinen
1998) and the seal was included in the Red
List of IUCN as a Vulnerable species in 1993
(Reijnders et al. 1993). Moreover, recently
human activities have increased on Lake La-
doga, which may limit the available habitat for
the ringed seal (Sipilä and Hyvärinen 1998).

There is a general lack of behavioural
studies on the ringed seal in the freshwater
environment. More information on the basic
biology of these seals is urgently needed for
conservation of these unique subspecies. The
objectives of this thesis were to provide in-
formation on different aspects of the behav-
ioural biology of the endangered ringed seal
subspecies in Lake Saimaa, and to shed light
on the behaviour of the other poorly known
ringed seal subspecies in Lake Ladoga.
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2. THE SEALS LIVING IN LAKES

In general, the freshwater environment is an
atypical habitat for seals. Among 36 species
of pinnipeds (Rice 1998), only the ringed
seal’s nearest relative, the Baikal seal (Phoca
sibirica) in Russia, and some populations of
harbour seal subspecies (Phoca vitulina
mellonae) in Quebec, Canada (Power and
Gregoire 1978, Smith et al. 1996) live in
lakes. In addition, although there are some
observations of ringed seals in Nettilling Lake
on Baffin Island, Canada (Mansfield 1963),
the Saimaa and Ladoga seals are nowadays the
only really landlocked freshwater ringed seal
populations. These two present freshwater
ringed seal populations are relicts from the
post-glacial period, when also some other
inland lakes in Scandinavia have been inhab-
ited by the seals (Ukkonen 1993).

A freshwater lake provides quite a differ-
ent habitat for the ringed seal as compared to
the sea. Lake Saimaa is shallow with an aver-
age depth of only 12 m (max 85 m). It is 180
km long and 140 km wide, with a total surface
area of about 4380 km2. It has 14,850 km of
shoreline and 13,710 islands, which increase
the labyrinthine nature of the lake. Lake Sai-
maa is regularly ice-covered, normally from
the end of November until the beginning of
May (Kuusisto 1999).

Lake Ladoga is the largest lake in Europe,
resembling a freshwater sea with surface area
of 17,840 km2. It is 210 km long and 130 km
wide with a mean depth of 51 m (max 225 m).
It contains over 660 islands, most of which are
situated near its northern shore. Freeze-up in
Lake Ladoga generally begins in December in
shallow water areas near shorelines and pro-
gresses to deep-water areas in the north-
western part of the lake in mid February. The
whole lake is, however, not covered by ice
every year (Kuusisto 1982).

Ringed seals are well adapted to life in
environments with low temperatures and they
also breed in the ice-covered winter. The
female gives birth to a single pup in a

snowlair, which provides protection against
cold and predators (McLaren 1958, Smith and
Stirling 1975). The marine breeding habitats
of ringed seals are associated with land-fast
or drifting pack ice areas (McLaren 1958,
Smith and Stirling 1975, Smith and Hammill
1981, Lydersen and Gjertz 1984, Tormosov
and Esipenko 1986, Smith 1987, Kelly and
Quakenbush 1990, Lydersen et al. 1990,
Lydersen and Ryg 1991, Furgal et al. 1996,
Wiig et al. 1999).

In both Lake Saimaa and Lake Ladoga, the
whelping of ringed seals takes place from late
February to early March (Tormosov and
Filatov 1979, Hyvärinen et al. 1999). In Lake
Saimaa no hummock or pack ice exists and
ringed seals dig their lairs into snowdrift on
the shorelines of islands or islets (Helle et al.
1984, Sipilä 1990). Only little is known about
the breeding habitat of the Ladoga ringed seal.
From the limited number of studies reported in
the literature, it is known that the breeding
areas lie on open shores of the south-eastern
part of the lake, where lairs are situated on the
pack ice (Antoniuk 1975, Tormosov and
Filatov 1979). There are some observations of
lairs in shorelines from the northern lake
(Sipilä et al. 1996), but otherwise northern
Lake Ladoga as a breeding area of the ringed
seal has not been previously studied.

The behaviour of ringed seals is difficult
to study, because they spend a great part of
their time submerged. Most of the earlier ob-
servations were limited to daylight, during
moulting or hauling-out, which give a limited
picture of their behaviour. In addition, the first
diving behaviour studies were made with
captive ringed seals in pools (Parson 1977,
Ferren and Elsner 1979) or ponds (Elsner et
al. 1989), which do not provide realistic esti-
mates of the diving capacity (Kelly and
Wartzok 1996). During the last decades, the
development of VHF- and satellite-linked
transmitters has greatly advanced our knowl-
edge of the behaviour of the ringed seals in the
wild. The telemetry studies have focussed on
the different aspects of diving, hauling-out and
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the movements of ringed seals in the Arctic
(Kelly et al. 1986, Kelly and Quakenbush
1990, Lydersen 1991, Heide-Jørgensen et al.
1992, Lydersen and Hammill 1993, Lydersen
et al. 1993, Kelly and Wartzok 1996, Teil-
mann et al. 1999). However, there have not
been radiotelemetry studies concerning ringed
seals in the freshwater environment.

Underwater vocalisations have been re-
ported for most species of phocid seals
(Schevill et al. 1963, Mohl et al. 1975, Stir-
ling and Siniff 1979, Thomas and Kuechle
1982, Cleator et al. 1989, Asselin et al. 1993,
Hanggi and Schusterman 1994, Ballard and
Kovacs 1995). The underwater sounds emitted
by seals mostly serve communication, but a
function in echolocation has also been sug-
gested (e.g. Renouf and Davis 1982). The
ringed seal was thought to be quite silent, be-
cause only underwater “click” vocalisations
had been observed in captive ringed seals
(Schevill et al. 1963). Later Stirling (1973)
found that ringed seals emit four different
types of vocalisation when submerged. In Lake
Saimaa, ringed seals are known to produce
only click sounds underwater (Hyvärinen
1989). No information has been available on
underwater vocalisation of the Ladoga ringed
seal, although rich vocalisations in air have
been noticed to be typical during hauling-out
(Sipilä et al. 1996).

High concentrations of several toxins
chemicals have been reported in freshwater
ringed seals during the last few decades
(Helminen et al. 1968, Kari and Kauranen
1978, Hyvärinen and Sipilä 1984, Helle et al.
1985, Sipilä et al. 1996, Medvedev et al.
1997, Hyvärinen et al. 1998, Kostamo et al.
2000). Especially mercury concentrations
were very high in Saimaa ringed seals in the
1960’s and 70’s (Helminen et al. 1968, Kari
and Kauranen 1978). In fact the values from
the 60’s (Helminen et al. 1968) probably rep-
resent the highest concentrations of mercury
ever measured in seals (Hyvärinen et al.
1998). High concentrations of mercury are
thought to be connected with the low avail-

ability of selenium in lakes compared to the
sea. Selenium is known to protect against the
toxicity of mercury (e.g. Koeman et al. 1973,
Kari and Kauranen 1978). Mercury concen-
trations have decreased slightly in the Saimaa
ringed seal’s tissues during the last decade
(Hyvärinen et al. 1998), but the concentrations
in the Ladoga ringed seals have still showed a
high trend (Sipilä et al. 1996, Medvedev et al.
1997).

Environmental toxins enter the seal with
food. In the Arctic, the diet of ringed seals
consist mostly of fish from the cod family
(Gadidae), pelagic amphipods, euphausiids,
shrimps and other crustaceans (McLaren 1958,
Lowry et al. 1978, 1980; Lowry and Frost
1981, Gjertz and Lydersen 1986, Smith 1987,
Lydersen et al. 1989, Weslawski et al. 1994,
Siegstad et al. 1998). Information on the diet
of the freshwater seals is scarce (Tormosov
and Filatov 1979, Hyvärinen et al. 1984,
Yablokov 1985). Large differences have,
however, been found in the concentration of
fat-soluble vitamins and in the fatty acid com-
positions of the tissues of the freshwater
ringed seals compared with those of marine
ringed seals, which indicate dietary differ-
ences (Käkelä et al. 1995, 1997). In addition,
it has not been known whether possible die-
tary differences could cause variation in the
length of the intestinal tract of the seals during
the period of freshwater isolation.
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3. AIMS OF THE STUDY

The specific objectives of the separate studies
(I-V) were:

1. To study diving behaviour, dive types and
diurnal behaviour patterns of the Saimaa
ringed seal (I, II).

2. To determine the composition of the diet
and to measure seasonal changes in the food
consumption by the Saimaa ringed seal. Addi-
tionally, to study whether diet has affected the
length of the intestinal tract of the Saimaa
ringed seal during the isolation (III).

3. To describe the types of underwater vocali-
sations of the Ladoga ringed seal (IV).

4. To explore the northern part of Lake Ladoga
as a breeding area for the ringed seal and to
describe lairs and the breeding habitat (V).

4. MATERIALS AND METHODS
 

 4.1. Study sites
 

 The study areas of the radio-tagged Saimaa
ringed seals encompassed mainly the central
Lake Saimaa: Haukivesi and Pihlajavesi
basins (I, II), but also the southern Lake
Saimaa basin (I). The studies of
radiotelemetry (I) and experimental dietary
studies (III) were carried out on a captive seal
in a small Lake Olavinlampi (area of about 0.4
km2, a length of 1.7 km and maximum depth of
32 m). The Ladoga ringed seal breeding
habitat studies were carried out in the northern
part of Lake Ladoga (V) and the underwater
vocalisations were recorded in the
archipelago of Valaam (IV) (Fig. 1).

 
 
 
 

 
 4.2. Radiotelemetry studies

 
 The Saimaa ringed seal’s diving and general
activity patterns were studied by VHF-
radiotelemetry. The seals were caught by net-
ting from the hauling-out sites during their
moulting in spring and released after radio-
tagging. VHF-transmitters (Model AML-465,
Finntracker, Finland) were glued (Plastic-
Padding Super Epoxy) to the hair on each
seal’s dorsum above the shoulder. The trans-
mitter fell off at the latest during the seal’s
next annual moult.

 The first radiotelemetry studies on diving
behaviour were performed in semi-natural
conditions in 1988 and 1989 in an adult male
seal (I). The seal was kept in a small lake, as
part of a captive-breeding program for the
Saimaa ringed seal. In addition, in 1992, an
adult female was captured in the Haukivesi
basin and transported about a hundred kilo-
metres to the south. The transportation was
carried out in order to increase the number of
mature females in a low-density population
area (see Kunnasranta and Hyvärinen 1996)
and the telemetry study was made in her new
habitat (I). In 1993-1995 and 1998, two dif-
ferent adult males and two females and one
weaned female pup were used for studies of
diving and activity behaviour patterns in the
Haukivesi basin (I, II). Diving profiles were
examined in 1996 in an adult male seal and in
1997 in two adult females in the Pihlajavesi
basin (II).

 The activities of diving and hauling-out
were studied by direct observation and re-
corded by a chart recorder (Model 8201,
Hioki E. E., Japan) connected to a radio-
receiver (Model AMV-466, Finntracker, Fin-
land). The radio-signal could be received
when the antenna of the tag was on the surface
of the water and the seal was within about 5
km radius of the receiver.
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 Figure 1. Locations of the study sites. The radio telemetry study areas in Lake Saimaa: Hau-
kivesi (1), Pihlajavesi (2) and southern Saimaa (3) basins and the small lake with captive seal
(n). The breeding habitat study area in northern Lake Ladoga (4) and the underwater vocalisa-
tion study site in the archipelago of Valaam (✖).
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 In 1996 and 1997 the modified VHF-trans-
mitters were equipped with a microprocessor
controlled pressure transducer (II). The micro-
processor collected information on the dura-
tion and depth of dives and sent it as a fre-
quency modulated radio burst within the nor-
mal signal (230 MHz), when the seal surfaced
within about 2 km of the receiver. The receiv-
ers (Model AR 8000, AOR Ltd, Japan) were
interfaced with a portable computer at the
receiving stations in the centre of the study
areas. Each dive profile was categorised by
depth, shape of dive with descent and ascent
rates, amount of time spent on the bottom of
the dive, and by vertical movements during the
dive.
 
 4.3. Dietary study
 
 The stomach contents of recently dead Saimaa
ringed seals were removed and analysed (III).
Most of these seals were young and had died
by entanglement in fishing gear during 1980 to
1998. A total of 63 stomachs were analysed,
of which 51 contained food and prey remains.
Prey items were identified to the lowest pos-
sible taxon using a stereo microscope and the
undigested prey were measured and weighed.
In addition, the lengths of 70 intestines were
measured from the beginning of the small in-
testine to the end of the rectum. The length of
the intestines was compared to the standard
body length of the seals, measured from nose
to anus.

 Food consumption by the Saimaa ringed
seal (III) was studied by observing the same
captive male seal used in the radiotelemetry
study (I). The seal was fed mostly with ven-
dace (Coregonus albula) and smelt (Osmerus
eperlanus) every second or third day in the
winter and daily in the summer. The seal was
fed at noon and the fish were kept in the water
in metal strings until the next feeding time.
About 2.5-4.5 kg of fish was available daily
and the offered amount of fish was higher than
the amount eaten per day. The seal’s food con-
sumption was monitored in 1987-1989 and

three cafeteria tests were made in 1987-1988.
In a cafeteria test, the seal was offered nine
different species of fish at the same time of
day during five days and the consumption of
each fish species was determined (III).

 
 4.4. Underwater vocalisation study

 
 The underwater vocalisation study of the La-
doga ringed seal was carried out in the
Valaam archipelago in July 1994 and July
1995 during the hauling-out of seal herds (IV).
During the study, the behaviour of seal herds
was monitored for about 44 hours. A total of
960 minutes of underwater vocalisations were
recorded both during the day and at night. The
tape recorder was turned off when there were
no underwater vocalisations. At the time of the
recordings the number of seals was approxi-
mately 100-150 and included seals of both
sexes and all age groups.

 Underwater vocalisations were recorded
in 1994 using a Uher 4000 Report tape re-
corder (30 Hz to 25 kHz, band speed 19 cm/s)
and in 1995 using a Sony Walkman Dat TCD-
D3 recorder (20 Hz to 20 kHz, tape speed
8.15 mm/s). The recorders were used with an
ITC-6050C wide band probe hydrophone
(frequency response 30 Hz to 75 kHz ± 1dB).
The recording sites were located within the
seal herd. The hydrophone was about 1.5 m
below the surface and about 25 m from the
shore. The sex, number, direction and exact
location of the calling seals were not known.
The recordings were analysed using a Uniscan
II real time sound analyser and a Macintosh
Quadra 630 computer with the Canary 1.2
program.

 
 4.5. The breeding habitat study

 
 The lairs of the Ladoga ringed seal were
located during one to two week periods in mid
April 1996-1999, when the roofs of lairs were
starting to collapse. The archipelagos and the
pressure ice ridges in northern Lake Ladoga
were systematically searched for seal lairs
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during snowmobile expeditions. The
shorelines and the pressure ice ridges were
searched from snowmobiles driving at a
distance of 0-5 m from snowdrifts. The lairs
were located visually by looking at the
shallow depression on the snow surface,
which is caused by partly or totally collapsed
lair roof, or by observing marks of predators.
In some places, deep and hard snowdrifts
were pierced by sticks in order to find intact
lairs. Lairs were counted and the maximum
length, width and height of the lair were
measured. The melted lairs were not
measured. The lairs were classified as haul-
out or birth lairs. The birth lairs were
recognised by the presence of lanugo hair, the
tunnels dug by the pup, and sometimes also by
placental remains.

5. RESULTS AND DISCUSSION

5.1. Diving and hauling-out behaviour of the
Saimaa ringed seal

5.1.1. Dive duration and depth

Saimaa ringed seals exhibit great diving skills,
spending 65-80% of their the total time sub-
merged during the open-water season. During
moulting in the spring, the seals spend more
time hauling-out and the frequency of diving is
about 45% of total time. A total of 28,933
dives (Table 1) were measured from ten dif-
ferent Saimaa ringed seals. The mean dive
duration of the studied seals ranged from 2.8
min for the weaned pup (II) to 7.1 min for an
adult female, with a maximum diving time of
23 min (I). Between dives the seal spend 0.8
to 1.4 min on the surface for breathing. The
dive duration of the Saimaa ringed seal in-
creases with increased body mass (I, II),
which is consistent with other ringed seal
studies (Kelly and Wartzok 1996, Teilmann et
al. 1999). In addition, the mean dive duration
displayed by the Saimaa ringed seals is quite
similar to those of Arctic ringed seals (Kelly
and Wartzok 1996, Teilmann et al. 1999) and

Baikal seals (Stewart et al. 1996), although
some dives in these studies achieved maxi-
mum durations of as much as 40 min (Stewart
et al. 1996, Teilmann et al. 1999). Lydersen
(1991) has measured shorter diving times in
ringed seal in the Arctic.

The dive depths (n=1658) of three differ-
ent Saimaa seal individuals were also deter-
mined (Table 1). The ringed seal’s dive
depths are positively correlated with the dive
duration (Lydersen and Hammill 1993, Kelly
and Wartzok 1996, II). The studied Saimaa
ringed seals mostly performed dives to a depth
between 10 m and 16 m, with a maximum of
about 40 m. The maximum coincided with the
water depth in the respective area and there-
fore does not reflect the diving capacity of the
ringed seal (II). The actual depth limit of the
ringed seal is unknown, although ringed seals
have been documented to dive deeper than 200
m (Kelly and Wartzok 1996) or even 250 m
(Teilmann et al. 1999). The recorded maxi-
mum dive depth of the pup is 89 m (Lydersen
and Hammill 1993). In Lake Baikal, most of
the dives of the Baikal seals are in the 10-50
m range, but they can reach up to 300 m
(Stewart et al. 1996).

Lydersen et al. (1992) have calculated the
theoretical aerobic diving limit (ADL) for
different sized ringed seals based on body
oxygen stores and the supposed metabolic rate
during diving. Most of the dives by the ringed
seal are sustained by aerobic metabolism, and
the diving times are below this calculated
ADL (Lydersen 1991, Lydersen et al. 1992,
Teilmann et al. 1999, I, II). In the studied
Saimaa ringed seals the ADL was exceeded in
1.0 to 15.3% of the measured dives (II), al-
though there was a female among the studied
seals that exceeded the ADL more often (I). In
general, the values for the Saimaa ringed seal
are in accordance with those reported for
Arctic ringed seals (Teilmann et al. 1999),
where 0.1 to 9.6% of the dives exceeded the
ADL. In the ice-covered period, however, 18-
53% of the dives of the Arctic ringed seals
exceeded the ADL (Kelly and Wartzok 1996).
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There were seasonal differences in the
diving behaviour of the Saimaa ringed seal.
Diving activity increased during summer.
Furthermore, the dive durations became longer
later in the summer as compared with early
summer, which might be related to increasing
body weight (I, II) and also to feeding behav-
iour (I). In addition, according to preliminary
results, the diving behaviour of the Saimaa
ringed seal seems to change radically during
the ice-covered period in wintertime, when
the seals depend on breathing holes. Radio-
telemetry studies in winter (M. Kunnasranta,
unpublished) have showed that the dive dura-
tion increases drastically, and the post-dive
surface periods grow (lasting several minutes,
typically 4-6 min) as compared with those in
the open-water season (I, II). These long du-
ration dives may be related to active foraging
probably quite far from the nearest breathing
hole, and the extended post-dive surface peri-

ods indicate anaerobic metabolism during
these dives.

Saimaa ringed seals exhibited a series of
long duration dives (dive duration 10-15 min)
also during the open-water season (I, II).
These series, which typically lasted several
hours, occurred mostly at night (I, II) and oc-
casionally around noon (I). The proportion of
all dives accounted for by long duration dives
was 4.2 to 15% among the studied seals (I).
Long duration dive bouts have also been de-
scribed in grey seals (Halichoerus grypus),
harbour seals, and hooded seals (Cystophora
cristata), in which these dive bouts are often
associated with resting (Fedak et al. 1988,
Thompson et al. 1991a, Sjöberg et al. 1995,
Ries et al. 1997, Folkow and Blix 1999). By
contrast, Kelly and Wartzok (1996) have sug-
gested that ringed seals forage during the long
duration dive bouts in the Arctic.

Table 1. Summary of dives by the radio-tagged Saimaa ringed seals in 1988-1998 (I, II).

Dive duration
(min)

Surface
(min)

Dive depth
(m)

kg Study period n Mean ± S.E. Max. Mean ± S.E. Mean ± S.E. Max.

! 61
70

21 Jul. - 10 Aug. 1988
6 - 25 Jul. 1989

847
822

4.3 ± 0.08
5.6 ± 0.09

17.1
21.0

1.4 ± 0.07
1.4 ± 0.05

-- --

" 63 30 Jun. - 19 Aug. 1992 9102 7.1 ± 0.03 22.8 0.8 ± 0.01 -- --

! 57 22 Jun. - 19 Aug. 1993 2136 6.3 ± 0.05 18.6 1.0 ± 0.01 -- --

! 58
56

13 May - 15 Jun. 1993
30 May - 22 Nov. 1994

4071
2609

4.0 ± 0.02
5.5 ± 0.05

12.3
19.2

0.7 ± 0.01
0.9 ± 0.01

-- --

" 49 25 May - 12 Aug. 1994 1250 4.8 ± 0.04 14.7 0.8 ± 0.01 -- --

" 24 5 May - 2 Jul. 1995 5385 2.8 ± 0.02 10.2 0.8 ± 0.01 -- --

! 65 5 - 7 Jun. 1996 202 3.0 ± 0.07 7.5 1.0 ± 0.05 9.8 ± 0.24 20.2

" 48 25 - 31 May 1997 220 3.1 ± 0.12 10.5 0.9 ± 0.03 13.5 ± 0.56 34.1

" 42 6 - 19 Jun. 1997 1236 3.4 ±0.03 10.0 0.8 ± 0.01 15.7 ± 0.16 39.6

" 95 28 May - 10 Sep. 1998 1053 6.5 ± 0.09 21.0 1.2 ± 0.09 -- --
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The data on the Saimaa ringed seal
strongly indicate a resting or sleeping function
for the long duration dive bouts. First, if the
seals did not haul-out at night, they made con-
secutive prolonged dives, usually in areas
close to the haul-out sites (I, II). Second, dur-
ing these dive bouts, the seals often repeatedly
exceeded the ADL of their size. For example,
the mean dive duration in prolonged dive
bouts of the adult female was 12.9 min, al-
though her ADL as predicted by Lydersen et
al. (1992) would be 9.6 min (II). However,
the post-dive surface periods were not rela-
tively longer than after other type dives, which
suggests the aerobic nature of these dives (I).

Aerobic long dives are possible because
during resting or sleeping, the metabolic ac-
tivity of the seal is low compared with that of
a travelling or foraging animal (Kooyman et
al. 1980, Fedak 1986, Fedak and Thompson
1993). In addition, the maximum observed
dive duration of each seal (measured typically
during resting dive bouts) was about twice as
long as the calculated ADL of their size (II).
When the ADL is calculated, the metabolic
rate is assumed to be twice the basal meta-
bolic rate (BMR) (Lydersen et al. 1992). In
resting dives the metabolic rate is lower dur-
ing long duration resting dives, probably near
the BMR, and the seal are able to make about
twice longer dives, which still are aerobic
(II). In general, most of the voluntary dives
may be aerobic, including long aerobic resting
dives during the open-water season.

5.1.2. Dive types

Based on depth-time characteristics, 685
dives were classified into five main groups:
V-shaped, U-shaped and three different kinds
of square shaped dives (Fig. 2). Other dives
remained unclassified as they were of mixed
type. Short duration and shallow (mean depth
about 10 m) V- and U-shaped dive types of the
Saimaa ringed seal served for travelling and
exploration (II). Kelly and Wartzok (1996)
have assumed the U-shaped dive profiles to be
travelling dives in the arctic ringed seal. In
addition, V-shaped and/or U-shaped dives of
many seal species are considered to be trav-
elling dives (Thompson et al. 1991a, Le Boeuf
et al. 1992, Jonker and Bester 1994, Sjöberg
et al. 1995, Burns et al. 1997, Lesage et al.
1999), although U-shaped dives have also
been associated with foraging in harbour seals
(Lesage et al. 1999).

The square shaped dive type, with vertical
movements during the bottom time, is related
to foraging in several seal studies (Thompson
et al.1991a, Le Boeuf et al. 1992, Jonker and
Bester 1994, Sjöberg et al. 1995, Bengtson
and Stewart 1997). The assumption of a for-
aging function for this kind of dive type 3 also
agrees with the Saimaa ringed seal’s feeding
habits (II). It feeds almost exclusive on small
schooling fish species (III) and the seals have
to make active vertical movements during for-
aging dives when feeding on schooling fish. In
addition, this dive type seemed to be deepest
in daytime, which is consistent with the depths
where the typical prey species such as ven-
dace and smelt occur. These pelagic fish spe-
cies are mainly found at a depth of 10-30 m,
forming schools near the bottom during the day
(Jurvelius et al. 1984, Jurvelius and Heikki-
nen 1988).
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Dive type 4 typically occurred along with
dive type 3, and it is possible that the func-
tion of this type is also to facilitate foraging;
while the seal is searching for prey. On the
other hand, dive type 4 is assumed to be a
resting dive in elephant seals (Mirounga
spp.) (Le Boeuf et al. 1992, Jonker and
Bester 1994).

The clearly square-shaped dive type 5
showed no vertical movement during the
bottom time. This flat-bottomed dive type
was also the deepest (mean about 20 m) and
longest in duration (mean about 4.8 min).
These dives often occurred in bouts (2 to 19
at a time). It has been suggested that these
flat bottomed dives occur in connection with
feeding (Lydersen 1991, Thompson et al.
1991a, Le Boeuf et al. 1992, Kelly and
Wartzok 1996) or alternatively resting or
sleeping (Lydersen 1991, Thompson et al.
1991a). Also in the Saimaa ringed seal this
div e typ e mos t oft en ser ves res ting (II ). Ac-

cording to field observations, the Saimaa
ringed seal displayed this kind of dive profile
during resting dives, when it sank directly to
the bottom to a static depth and stayed there
until it surfaced.

5.1.3. Site fidelity and hauling-out

Radiotelemetry studies have shown that adult
Saimaa ringed seals exhibit a high degree of
site fidelity. They have a fairly small home
range and their movements are normally lim-
ited to only a few kilometres (Koskela et al.
2001, I, II). This is in contrast to ringed seals
in the Arctic, which may make long distance
migrations covering up to more than 1000
km (Smith 1987, Heide-Jørgensen et al.
1992, Kapel et al. 1998, Teilmann et al.
1999). In addition, adult Saimaa ringed seals
have been shown to be quite faithful to their
hauling-out sites (Koskela et al. 2001, I, II).

Figure 2. Schematic representation of the five dive types (1-5) that appeared in the diving
records of the Saimaa ringed seal, adjusted for depth and duration (II).
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The use of haul-out sites showed that Sai-
maa ringed seals exhibited nocturnal hauling-
out during the open-water season after moult-
ing (I, II). During the moulting from early May
to mid June, Saimaa ringed seals haul-out
throughout the day and night on the shoreline.
Later in the summer, hauling-out takes place
mostly at night and the frequency of the ex-
tended resting dives typically increases. This
is in contrast to the diurnal pattern of the adult
arctic ringed seals, which haul-out in daytime
in the late spring and early summer (Smith and
Hammill 1981, Kelly and Quakenbush 1990,
Lydersen 1991). Teilmann et al. (1999), how-
ever, found out that arctic ringed seals spend
more time on the surface during the night and
morning than in the daytime. Clearly nocturnal
haul-out behaviour has been reported in har-
bour seals and grey seals (Thompson et al.
1991b, Sjöberg et al. 1995, 1999). The noc-
turnal hauling-out and resting dive patterns of
the Saimaa ringed seal may be influenced by
many different factors, including prey fish
behaviour and weather conditions. Moreover,
lack of daytime hauling-out might be caused by
human disturbance, which is more common in
daytime (II).

The hauling-out behaviour of the Saimaa
ringed seal seems to change further during the
ice-covered period as compared with the
open-water season (M. Kunnasranta, unpub-
lished). Telemetry studies have shown that in
winter Saimaa ringed seals spend more time
hauling-out than in the summer. In addition, as
clear nocturnal hauling-out behaviour does not
seem to exist, and the seals haul-out in lairs
also in the daytime, although diving behaviour
seems to be more active around midday.

5.2. Feeding of the Saimaa ringed seal

5.2.1. Diet

 Ringed seals rarely prey upon more than 10-
15 species, with 2-4 of these being the main
prey species (Söderberg 1975, Tormosov and
Filatov 1979, Lowry et al. 1980, Smith 1987,

Weslawski et al. 1994). The Saimaa ringed
seal feed almost exclusively on small school-
ing fish species. Of the nine observed prey
species, perch (Perca fluviatilis), roach (Ru-
tilus rutilus), vendace, smelt and ruff
(Acerina cernua) represented about 90% of
the prey identified in the stomachs (III). The
main prey species of the Saimaa ringed seal
are the most abundant and available of the 35
fish species in Lake Saimaa (Toivonen 1985).
Fish also represent the main food for the La-
doga ringed seal (Tormosov and Filatov 1979,
Yablokov 1985).

 Only seven species of macrocrustaceans ex-
ist in Lake Saimaa (Bagge 1992) and crustacean
densities are very low compared to those in the
sea. The opossum shrimp (Mysis relicta) was
the only crustacean species represented in the
food of the ringed seal in Lake Saimaa (III). In
contrast to this, along with fish, the crustaceans
make up a considerable portion of the diet of
ringed seals in marine habitats (McLaren 1958,
Lowry et al. 1978, 1980; Lowry and Frost
1981, Gjertz and Lydersen 1986, Smith 1987,
Lydersen et al. 1989, Weslawski et al. 1994,
Siegstad et al. 1998). This is in accordance
with the substantial amount of long-chain mono-
unsaturated fatty acids found in the tissues of
marine ringed seals. These fatty acids, which
originate from crustacean wax esters, are found
in negligible amounts in the tissues of freshwa-
ter seals (e.g. Käkelä et al. 1995, 1997).

 Vendace and smelt are assumed to be the
predominant food items for Saimaa and La-
doga ringed seals (Tormosov and Filatov
1979, Hyvärinen et al. 1984, Yablokov 1985).
This was supported by the findings of cafete-
ria tests with the captive Saimaa ringed seal
(III). Perch and roach were, however, the most
frequent fish found in the stomach contents
from Lake Saimaa (III). This is, however,
based on results mostly from young seals,
whose feeding habits may differ from those of
adults. Pups spend more time in shallow wa-
ters (personal observation), where perch and
roach typically occur in the spring. In contrast,
the adult seals forage mainly in deeper off-
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shore waters (II) inhabited by pelagic fish
species such as vendace and smelt (Jurvelius
et al. 1984, Jurvelius and Heikkinen 1988). In
addition, the population density of vendace
has been low for the last ten years in Lake
Saimaa (Jurvelius et al. 1992) and the seals
may therefore have to feed more intensively on
other fish species. This agrees with the recent
heavy metal study, which shows that Saimaa
ringed seals may have started to feed on other
fish species from higher trophic levels
(Hyvärinen et al. 1998).

 The prey fish size (mean 9 cm, maximum
21 cm) of the Saimaa ringed seal (III) agrees
with the results reported for the ringed seal in
the Arctic (McLaren 1958, Lowry et al. 1980,
Gjertz and Lydersen 1986, Smith 1987, Lyder-
sen et al. 1989, Weslawski et al. 1994, Sieg-
stad et al. 1998). Prey size may be one of the
most important reasons for the ringed seal’s
choice of food. In cafeteria tests, the seal nor-
mally chose the smallest species. There is,
however, some evidence that ringed seals
occasionally capture larger fish, too (McLaren
1958, Smith 1987, Siegstad et al. 1998). In
cafeteria tests, the Saimaa ringed seal some-
times ate larger fish, such as whitefish
(Coregonus lavaretus) and salmon (Salmo
salar) (III). Moreover, in the lairs of the La-
doga ringed seal some large fish, for example
a 58 cm long pike perch (Stizostedion lucio-
perca), have been found (personal observa-
tion).

 Only sparse information is available on the
total fish consumption by adult ringed seals.
According to Söderberg (1975) the daily re-
quirement of fish by the bigger-sized Baltic
ringed seal is estimated to be about 3.5 kg.
Results from the study on the captive Saimaa
ringed seal showed the mean consumption of
offered fish to be 2.2 kg per day. In addition,
the seal might have caught wild fish from the
lake, which had an estimated fish production
capacity of 200-400 kg per year. The total fish
consumption by the Saimaa ringed seal could
be between 800 and 1200 kg a year (III).

 There are seasonal changes in the food in-
take of ringed seals (McLaren 1958, Lowry et
al. 1980, Smith 1987, Ryg et al. 1990). In the
Saimaa ringed seal, the consumption of fish
diminishes in the spring (May-June), when it
also had short periods of total fasting (III).
This is also the time of moulting and the seals
spend much more of their time hauling-out than
in the late summer (I, II). During this period
ringed seals lose weight, which is associated
mainly with changes in body fat (Ryg et al.
1990). After moulting, the seals start to in-
crease the amount of blubber by resuming
feeding (McLaren 1958). A seasonal increase
in body mass has been observed in a Saimaa
ringed seal male in the wild: in a specimen,
which weighed 54 kg in June and 85 kg in
November (personal observation). The cap-
tive Saimaa seal also increased its food intake
after June, and feeding was most intensive
between August and November (III).

 
 5.2.2. The length of the intestinal tract

 The intestine of pinnipeds is long compared
with the intestine of other carnivores. For ex-
ample, in harbour seals the small intestine can
be 16 times and in elephant seal as much as 25
times longer than the body length (Helm 1983,
1984). For the ringed seal, the length of the
small intestine has been measured to be 13 to
13.8 times the standard length of the animal
(Frost and Lowry 1981, Mårtensson et al.
1998). The length of the Saimaa ringed seal’s
whole intestine is, however, shorter, - about
11 times the standard length of the animal (III).

 It is known that the post-glacial isolation
of ringed seals has created some morphologi-
cal differences, and e.g. the skulls clearly dif-
fer between the subspecies (Hyvärinen and
Nieminen 1990). Thus, during the isolation
period the length of intestinal tracts of Saimaa
ringed seal has become shorter compared to
that of the Arctic ringed seal. The shorter in-
testine may be connected with the restricted
diet of the Saimaa ringed seal, which feeds
almost exclusively on fish (III), whereas in the
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sea, along with fish, crustaceans represent a
considerable part of the diet of marine ringed
seals (e.g. Lowry et al. 1980, Smith 1987). In
general, crustaceans are difficult to digest, as
they contain poorly digestible waxes
(Schmidt-Nielsen 1987) and chitinous exo-
skeletons (Keiver et al. 1984), in comparison
with fish, which are assimilated efficiently by
seals (Keiver et al. 1984, Lawson et al.
1997). Therefore it seems that the easily di-
gestible fish diet has contributed to the shorter
length of intestinal tract in the Saimaa ringed
seal.

 
5.3. Underwater vocalisations of the La-
doga ringed seal

 
 During summer ringed seals form haul-out
herds up to 100 to 150 animals in northern
Lake Ladoga. The hauling-out behaviour of
the seal herds included vocalisation both in
the air (Sipilä et al. 1996, IV) and under-
water (IV). The underwater vocalisations by
the Ladoga ringed seal varied, and at least
six different sound types were identified
(Fig. 3) (IV).

 Chirps, yelps and different kinds of low
sounds of Ladoga seal (IV) agree with Stir-
ling’s (1973) report on the ringed seal in the
Arctic. Some of the low-frequency sounds of
Ladoga ringed seal were similar to those pro-
duced in the air and these calls sounded like a
bark, growl or roar. The main frequency of the
harmonic growl-like sound (Fig. 3f) was 0.5
kHz and it lasted about 300 ms. The low-
frequency type of vocalisation seemed to be
the most common underwater sounds of La-
doga ringed seals.

 The whistle-type sounds varied and the de-
scending element of the frequency-modulated
chirp (Fig. 3d) started at 1 kHz, and ended at
about 0.5 kHz, lasting about 100 to 300 ms.

 Yelp (Fig 3e) vocalisations sounded like a
short whine of a dog (IV). Stirling (1973),
who has described the same kind of chirp and
low-pitched yelps, thought that this kind of

vocalisation might function as a sign of sub-
mission.

 Click sounds (Fig 3a) (dominant frequen-
cies from 2 kHz to 6 kHz) occurred over a
broad frequency band and were of very short
duration, only about 6-8 ms. In contrast to
the single clicks described earlier in ringed
seals (Schevill et al. 1963, Hyvärinen
1989), the clicks of the Ladoga ringed seal
were often in a series (20 ms to 600 ms) and
were both more varied and more common
(V).

 Clicks might be part of the communica-
tion between seals or they may also be con-
nected with underwater navigation (Terhune
and Ronald 1986, Hyvärinen 1989). Al-
though the whiskers of seals are important
sensing organs underwater (Hyvärinen and
Katajisto 1984, Hyvärinen 1989, Dehnhardt
et al. 1998), the clicks may be used for the
echolocation of obstacles or for the deter-
mination of distances from the bottom (IV).
The characteristics of the clicks do not,
however, fit the echolocation well, as the
frequencies of the clicks are too low.
Ringed seals may, however, produce sounds
at higher frequencies because their most
sensitive band of hearing extends up to 45
kHz (Terhune and Ronald 1975), and the
recorder equipment could record frequencies
only to about 20 kHz. On the other hand,
the calls of the ringed seal are often faint
and easily masked by ambient noise (Stir-
ling et al. 1983). Because of the general
problem of identifying the source of sounds
during underwater recordings, it is possible
that some of the click-type sounds may also
be emitted by water insects etc.

 
 
 
 
 
 
 



��

�

����������
�
�������� �	� ������	
�� ��� 
��� �	���	� ������� ��	�� ������	
��� ���	���	
������ �	�� ������ ���� ����

������������������������������������� �����	��������������!"�#



21

 The burst pulse (Fig 3b) vocalisation
represents weak sounds by the Ladoga
ringed seal. This sound consisted of a series
of low click-like elements, which lasted
about 5 ms. This sound element was low
(200 Hz) and had a narrow frequency band.
The rate of repetition of the elements was
about 3-4 ms, and the duration of one burst
pulse was about 200 ms. Similar sounds
have not been reported in ringed seal earlier
(IV).

 The most spectacular underwater vocali-
sation sound of the Ladoga ringed seal was
a "knock-knock" sound (Fig 3c), which
sounded like someone knocking rapidly on a
door (IV). These were comparatively low-
frequency (150 Hz to 2 kHz) vocalisations.
The knock sound began with modulated
elements of ascending frequency, and at the
end of the sound there was a click-like ele-
ment between 1 kHz and 4 kHz. The dura-
tion of one knock was 40-80 ms and the
duration of a knock-knock series lasted 500-
900 ms usually with 2 to 8 knocks in a se-
ries. Calls resembling the Ladoga ringed
seal’s knocks have been assumed to be used
in long-distance communication and they
have been described in grey seals (Asselin
et al. 1993), Weddell seals (Leptonychotes
weddellii) (Thomas and Kuechle 1982) and
male Atlantic walruses (Odobenus rosmarus
rosmarus) (Stirling et al. 1983, 1987).
However, the "knock-knock" sound has not
been described earlier for the ringed seal (IV).

 In contrast to the noisy Ladoga ringed
seal, vocalisations of the Saimaa ringed seal
are rare. The only observed airborne sounds
are roars, occurring during aggressive be-
haviour between seals (Hyvärinen 1989), and
yelps made by pups (personal observation). In
addition to these, clicks are the only sounds
that have so far been recorded underwater
(Hyvärinen 1989). It is known that gregarious
polygynous pinnipeds have a more highly
developed sound repertoire than those seals

distributed in monogamous pairs or found at
low densities (Thomas and Stirling 1983).
Underwater vocalisations of the ringed seal
mostly serve a social communication func-
tion (Stirling 1973, IV). Obviously, the rich
vocalisation of the Ladoga ringed seal in the
air (Sipilä et al. 1996) and underwater (IV)
is part of its social herding behaviour. The
comparatively solitary Saimaa ringed seal
may be more silent because of the low
population density.

 
5.4. The breeding ecology of the ringed seal
in northern Lake Ladoga

 5.4.1. Breeding habitat

The south-eastern part of Lake Ladoga is the
main breeding area for the Ladoga ringed seal
(Antoniuk 1975, Tormosov and Filatov 1979).
Filatov (1990) assumed that 20-40% of the
population lives outside the south-eastern area
in the winter. A substantial part of this stock
breed and winter in the northern part of the
lake, indicating this area to be an active
breeding habitat as well (V). A total of 519
lairs were located during 1996-1999, but
these numbers do not give a real estimate of
the number of wintering animals, because deep
snowdrifts on the shorelines could not be
searched extensively (V).

 Northern Lake Ladoga is characterised by
the hundreds of islands near its shore, where
flat ice is most commonly found. This
breeding habitat resembles that of the Saimaa
ringed seal (Helle et al. 1984, Sipilä 1990).
On the other hand, the main breeding area in
the south-eastern part of the lake is similar to
the habitat of ringed seals in marine localities.
This ability to use shorelines as well as pack
ice areas as breeding habitats indicates to the
degree of adaptation of the Ladoga ringed seal
to its freshwater environment.

 The main northern pupping area, with
early-formed stable ice and deep snow cover
along the shores of rocky islands and islets, is
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situated in the outer archipelago of Sortavala.
The Valaam archipelago and the southern
archipelago of the Lahdenpohja regions did
not offer stable ice conditions for annual
pupping because these areas do not freeze
over every year, or not until February
(Kuusisto 1982). Non-breeding seals do not
need such as stable ice and snow conditions as
the breeding animals do (McLaren 1958) and
the haul-out lairs can be found throughout the
outer shores of the study area. However, in the
eastern part of the study area no lairs were
found. This area is characterised by a small
number of islands, with gently sloping
shorelines, which do not offer sufficient
snowdriftings. Furthermore, human disturb-
ance may also affect the distribution of the
seals near the industrial town of Pitkäranta
(V).
 
 5.4.2. Lairs
 
 All birth lairs and 88% of the haul-out lairs
were found in snowdrifts on shorelines of
islands or islets. The multi-chambered birth
lairs (median length 400 cm, width 180 cm)
were on the average larger than the haul-out
lairs (220 cm x 140 cm), which were single-
chambered and elongated. This agrees with
data on ringed seals from other localities
(McLaren 1958, Smith and Stirling 1975,
Sipilä 1990, Furgal et al. 1996). It seems,
however, that the lairs of the Ladoga ringed
seal were lightly larger (V) than those of
ringed seals from other areas (Smith and
Stirling 1975, Sipilä 1990, Furgal et al.
1996), although the Ladoga seal is smallest in
size among the subspecies (Sipilä et al. 1996).
The lairs are large due to the deep snowdrift
conditions on the shorelines of northern Lake
Ladoga.

 The smallest haul-out lairs (165 cm x 120
cm) of the Ladoga seal were situated along the
pressure ridges associated with snowdrifts.
These lairs represented 12% of the haul-out
lairs found. The lairs were made in recently
pressed ice ridges with poor snowdrift and

were used only for a short time, probably by
immature and non-breeding seals.

 Among the haul-out lairs some very large
and multi-chambered lairs were found, with a
maximum length of as much as 11 m. All these
large haul-out lairs were found in snowdrifts
on the shores of islands. In some cases, two to
three haul-out lairs were found close to each
other. These large lairs were heavily used and
the hair of adult seals and faeces were often
found. Typically, several resting spots were
found on the floor and apparently these lairs
were used by several animals for hauling-out.
This kind of “collective lair” is a rare
phenomenon among ringed seals. There are no
observations of such lairs from Lake Saimaa.
In the Arctic only a few large lairs, which
were assumed to have been used by several
seals have been found (Smith and Stirling
1975). In summer Ladoga ringed seals are
social and gather into sizeable herds for
hauling-out (Sipilä et al. 1996, IV). In
addition, it seems that some seals live within
the herds during the winter, too (V).

 The density of lairs was quite high in the
main pupping area in the northern lake. For
example, in 1998 a total of 8 birth-lairs and 24
haul-out lairs were found within 16 km2 (about
11 km2 water) (V). In contrast, in Lake
Saimaa, more than one birth lair can only
rarely be found on the shorelines of the same
open shore. Therefore Sipilä (1992) assumed
that Saimaa ringed seal females avoid
breeding close to each other. Apparently, the
shared haul-out lairs and the close proximity
of lairs in the breeding area further indicate a
unique social structure of the Ladoga ringed
seal as compared with other subspecies.

 
 5.4.3. The colour of the pup

 
 The colour of the Ladoga ringed seal pup
appeared to be dark grey on the basis of
samples of natal hair from birth lairs (n = 51)
and two dead pups (one aged about one week
and one stillborn) (V). Previous reports
suggest that the colour of the Ladoga seal pup
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is yellowish white (Antoniuk 1975, Tormosov
and Filatov 1979) similar to the colour of
ringed seal pups from marine environments
(McLaren 1958, Smith and Stirling 1975,
Hyvärinen and Nieminen 1990). However, our
observations indicated that the colour of the
Ladoga ringed seal pup resembles the grey
coloured Saimaa ringed seal pup (Hyvärinen
and Nieminen 1990, Hyvärinen et al. 1999). In
fact, the Ladoga seal pup seems to be even
darker. The adult Ladoga ringed seal is the
darkest in colour among the subspecies (Sipilä
et al. 1996) and therefore the colour of the pup
is not surprising (V).

 The colour of the ringed seal pup is
probably an evolutionary adaptation. In the
course of evolution many animals have
developed the colour patterns most
appropriate to their respective habitat (e.g.
Alcock 1993). Although the lair offers the
main protection for the ringed seal pup from
predators (McLaren 1958, Smith and Stirling
1975), the colour also helps the pup to hide
from predators, especially after the lair has
collapsed. This is probably most important in
marine environments, where the predation
pressure is heavy. In open pack ice areas of
the sea, the white pup closely resembles the
light background. In a freshwater lake,
predation is not such a critical factor (Helle et
al. 1984, Sipilä 1990, Sipilä et al. 1996, V),
but, on the other hand, the grey coloured pup
resembles the darker background of the birth
lair with stones and rocks on the shoreline.

 
5.4.4. Predation and other factors affecting
pupping

Polar bear (Ursus maritimus) and arctic fox
(Alopex lagopus) are the main predators of
ringed seals in the Arctic (Smith 1976, 1980,
1987; Lydersen and Gjertz 1984, Furgal et al.
1996). In Lake Saimaa no predator attacks on
the lairs have been observed, although the red
fox (Vulpes vulpes) has sometimes shown
interest in the lairs (Helle et al. 1984, Sipilä
1990) and a wild mink (Mustela vison) has

eaten a pup from the birth lair (personal
observation). Sipilä et al. (1996) suggested
that the Ladoga ringed seal has no real
predators. However, predators, such as red
fox, wolf (Canis lupus) and unidentified
canines have marked or penetrated 15% of all
lairs and 31% of birth lairs observed. The
faeces of red foxes contained natal hair and a
total of five pups were found to have been
eaten by predators, but it is unclear, whether
they killed the pups or whether they just ate
stillborn pups (V). Lydersen and Gjertz (1984)
found that the arctic fox often marks lairs with
urine and faeces. Likewise, several lairs
marked by red foxes were seen on Lake
Ladoga. Lairs attacked or marked were easy to
locate, which may affect the number of
attacked lairs observed on Lake Ladoga.
Typically the predator’s attacks were not
successful, and the deep snowdrifts on
shorelines offer good protection for the pup.
Probably predation alone is not a critical
factor in the study area (V).

Mercury concentrations in the Ladoga
ringed seal are shown to be elevated (Sipilä et
al. 1996, Medvedev et al. 1997). The same
trend can also be seen in the mercury
concentrations (mean 20.3±1.5 S.E., max 66.0
µg g-1dw) in natal hair from the northern
region (M. Kunnasranta et al., unpublished).
The concentrations are similar to those of
Saimaa ringed seals in the early 1980's
(Hyvärinen and Sipilä 1984), and currently
almost as high concentrations are found only in
the seals from the most humic water areas of
Lake Saimaa (Hyvärinen et al. 1998). In
addition, ringed seals are shown to be
sensitive to disturbance during the breeding
season (Kelly et al. 1986) and human
activities in wintertime (fishing, tourism,
snowmobiles) are increasing in the northern
Lake Ladoga region (Sipilä and Hyvärinen
1998). The increasing levels of disturbance
(human activities, predation) together with the
high burden of mercury may affect the Ladoga
ringed seal’s reproductive success in the
future.
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This thesis has dealt with various aspects of
the behavioural ecology of landlocked ringed
seals and hopefully knowledge of their be-
haviour can also be used for the development
of conservation strategies. This study shows
that the Saimaa ringed seal does not depend on
any specific prey species, but has an oppor-
tunistic feeding strategy on schooling fish spe-
cies (III). Lake Saimaa could maintain a much
bigger population of the seals than the present
number. The main limiting factors for the
growth of the Saimaa ringed seal population
are the direct and indirect effects of human
activity.

The high degree of site fidelity of the adult
Saimaa seal (Koskela et al. 2001, I, II) is a
factor that makes it especially vulnerable to
changes in its habitat. This strongly empha-
sises conservation requirements in the main
distribution areas of the Saimaa seals. For
example destruction of permanent haul-out or
breeding areas could lead to disturbances in
the seals’ behaviour and reduce reproduction.
In addition, the suggested lack of movements
(Koskela et al. 2001) between breeding areas
may also cause inbreeding and lower the ef-
fective population size. This implies that the
dispersal patterns especially of young Saimaa
seals should be studied. It is known that in the
Arctic sub-adult ringed seals exhibit long-
distance movements (Frost and Lowry 1981,
Kapel et al. 1998, Ridoux et al. 1998). The
labyrinthine nature of Lake Saimaa and the
low population density regions between main
breeding areas (e.g. Sipilä 1991) may, how-
ever, constitute impediments to effective dis-
persal of the seals. One possible method for
increasing the gene flow between breeding
areas could be translocations of the seals
within the present distribution area of the Sai-
maa seal.

In addition, more behavioural studies by
radiotelemetry should be carried out also in
wintertime, when the lake is ice-covered and

habitat use of the seals is more restricted than
in summer. In particular for conservation pur-
poses, information is required about the im-
pacts of human-caused disturbance to the
seals’ behaviour during the critical breeding
season.

 In the case of the Ladoga ringed seal there
also seems to be some kind of site fidelity for
breeding (V) and hauling-out areas (Sipilä et
al. 1996, IV) in the northern part of the lake.
This study establishes conservation needs for
the northern shoreline archipelagos of Lake
Ladoga as a breeding habitat for the ringed
seal. In addition, more elementary biological
data on this seal are needed for the purposes
of population management, e.g. improving the
estimation of population size. There is an ob-
vious lack of information concerning home
ranges, movements, and dispersal patterns of
Ladoga seals. Another aspect requiring further
investigation is the reproductive status of the
Ladoga ringed seal, especially in the main
breeding habitat in the pack ice areas in the
south-eastern part of the lake. Satellite-linked
radiotelemetry studies could provide this kind
of data for the conservation needs of this vul-
nerable seal and also give comparative be-
havioural data for studies on the Saimaa
ringed seal.

6. CONSERVATION ASPECTS AND FUTURE RESEARCH NEEDS



25

7. CONCLUSIONS

1. Outside the moulting season the Saimaa
ringed seal spent 65-80% of its time under-
water (I). Typical dive duration ranged from 3
min to 7 min, depending partly on body
weight. The maximum observed dive duration
for the Saimaa ringed seal was 23 min (I, II).
Most of the dive depths were 10-16 m with a
maximum of about 40 m recorded. Five differ-
ent dive types were observed, serving travel-
ling, feeding and resting (II). Long duration
resting dive series of several hours of the
Saimaa ringed seal occurred mostly at nights
and around noon. Most of the Saimaa ringed
seal’s dives were shorter than the calculated
theoretical aerobic diving limit (ADL) of their
size. During the resting dive bouts, however
seals repeatedly exceeded their theoretical
ADL, which was possible because of the
lower metabolic rate during resting (I, II).
Both the diving behaviour and the haul-out
patterns showed that Saimaa seals are day-
active animals during the open-water season
(II). Adult Saimaa ringed seal exhibited a high
degree of site fidelity (I, II).

2. The Saimaa ringed seal feed almost exclu-
sively on small schooling fish species with
perch, roach, vendace, smelt and ruff making
up the bulk of their diet. A captive Saimaa
seal displayed clear seasonal variation in its
feeding activity, which was the lowest in the
spring and the highest in the autumn and the
early winter.

Fish consumption by the Saimaa ringed seal is
between 800-1200 kg per year. The Saimaa
ringed seal has a relatively short intestinal
tract compared with that of the ringed seal in
the Arctic. This is probably related to the lack
of crustaceans in the food of the Saimaa ringed
seal (III).

3. Compared with the solitary Saimaa ringed
seal, the Ladoga ringed seal is a social animal
with rich and varied underwater vocalisation.
Six different sound types were identified dur-
ing herding behaviour, among which, the two
sound types “burst pulse” and “knock-knock”-
sounds, have not been described previously
for the ringed seal (IV).

4. The northern part of Lake Ladoga is a nota-
ble breeding area of the ringed seal, with lairs
situated on the shoreline of islands. There is
no pack ice on northern Lake Ladoga that
would be suitable for birth lairs. Some large
lairs have been used by several seals for
hauling-out, which is unusual among ringed
seals. This further indicates the exceptionally
social nature of the Ladoga ringed seal. The
grey colour of the Ladoga seal pup is one ex-
ample of post-glacial differentiation as com-
pared with marine ringed seals. Predators,
such as the red fox and the wolf, occasionally
attacked the lairs (V).
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