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Introduction

The ringed seal (Phoca hispida) is one of the smallest of all living seal species. It is usually
associated with waters that freeze and its successful breeding depends on ice and snow. The
southern edge of the range where the ringed seal can breed is in water with solid annual ice
cover and where snowdrifts pile up. Stable winter-time ice with ample snow cover is consid-
ered the most productive habitat for this species (Ognev 1934, Mohr 1952, Scheffer 1958,
Helle 1983, Bonner 1989, Reeves et al. 1992, Jefferson et al. 1993, Reeves 1998).

The subspecies status is generally recognised in the exceptionally southern ringed seal
populations as in Lake Saimaa (Phoca hispida saimensis), in the Baltic Sea (P. h. botnica) and
in Lake Ladoga (P. h. ladogensis) which have had a well-known isolation history since the last
glacial period. Likewise, the ringed seal subspecies P. h. ochotensis in the Sea of Okhotsk also
has a quite separated southern distribution area (Nordquist 1899, Scheffer 1958, Müller-Wille
1969, Frost and Lowry 1981, Lappalainen 1984, Hyvärinen and Nieminen 1990, Reijnders et
al. 1993, Rice 1998). Some northern European lakes other than Saimaa and Ladoga were
inhabited by the seals after the last glacial period, but those populations have vanished, most
likely due to human activities (Ukkonen 1993).

Lake Saimaa, actually a lake complex, is split into smaller lakes, such as lakes Kolovesi,
Joutenvesi, Haukivesi and Pihlajavesi, which are separated from each other by narrow straits
(I, III, VI). The total area of Lake Saimaa is 4 460 km2 and it is a highly fragmented lake
complex totalling some 13 710 islands and islets. The shoreline length of the lake complex is
approx. 15 000 km, while the maximum length of the lake is 194 km and maximum width 138
km; the deepest point is 82 m and the mean depth is 17 m. The mean difference of water
surface level from the northernmost point to the southernmost point of Lake Saimaa is only
about 23 centimetres (Becker and Sipilä 1984a, Lappalainen 1984, Kuusisto 1999).

The Saimaa ringed seal was one of the first subspecies which the IUCN included on the Red
List of Threatened Animals, the so-called Red Data Book, and at present its conservation
status is regarded as endangered (IUCN 1996, Helle et al. 1998, Rassi et al. 2001). In total
there are 35 species of seals world-wide, but only four of them occur permanently in the waters
of the European Union: the Mediterranean monk seal (Monachus monachus) which is the only
critically endangered seal species in the world; the harbour seal (Phoca vitulina), the grey seal
(Halichoerus grypus) and two subspecies of ringed seal, in the Lake Saimaa and in the Baltic
Sea. The Habitat Directive from the European Union classified the Saimaa ringed seal in a
category of species that needs strict protection (Council Directive 92/43/EEC, Annex IV) and
the subspecies is even listed in the Federal Register of the Department of Commerce, U.S.A,
as an endangered and threatened species (Anonymous 1992, 1993, Reijnders et al. 1993, IUCN
1996, Brasseur et al. 1997, Rice 1998).

Conservation biology aims to solve practical nature protection problems by using scientific
methods, e.g., how to protect biodiversity or to retain endangered populations (Soulé 1986).
All the threatened species are facing a more or less noticeable probability of extinction in a
short time-frame (Belovsky 1987). Nowadays the risk of extinction is almost invariably in-
crease by various human activities. This is also the case with the Saimaa ringed seal, and hence
conservation actions with this subspecies focus on the question: What should be done to avoid
the extinction of the population? (Ranta et al. 1996).
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Objective of the thesis

Presence of winter-time snowdrifts is the essential element for successful lairing, and hence
snowdrifts are the key elements in breeding habitats of ringed seals (Chapkskii 1940, McLaren
1958, Smith and Stirling 1975, Lukin and Poletov 1978, Lydersen and Gjertz 1986, Kelly
1988).  Ilkka Koivisto’s research group made an attempt to describe the breeding habitat and
population status of the Saimaa ringed seal in the late 1960’s and early 1970’s. At that time the
relatively comprehensive work was left unfinished and the results were only partly published
(e.g. Koivisto 1968, 1972). The first aim of the present protection studies that commenced in
the early 1980’s, was to describe the lairing and breeding habitat of the Saimaa ringed seal and
to apply various lair study methods to the Lake Saimaa population (I). The lair of the ringed
seal with a hole into the water and the seal inside the lair is also a source of heat in the snow-
drifts, which renders the infrared video camera method feasible (II).

Prior to the studies presented in this thesis only quite rough estimates of the state of the Saimaa
ringed seal population were available. Scheffer (1958) evidently “guestimated” the extant popu-
lation size to be something between 2 000 and 5 000 individuals in Lake Saimaa. Even as
recently as in 1981 the prestigious “Handbook of Marine Mammals” (Frost and Lowry 1981)
reported these figures. To keep a small population vital and even to enhance its size, it is
necessary to have information on the most important population parameters, such as birth rate,
mortality and age structure (III). Such data render management and conservation acts possible.
Hence, new up-to-date information about the present status of the Saimaa ringed seal popula-
tion is also presented in this summary based mainly on the methods of the original papers of
this thesis. Giving the up-to-date information in this thesis is considered necessary as a consid-
erable time has elapsed since publications I and III.

The small volume and area of most freshwater lakes makes them relatively vulnerable to hu-
man-caused pollution and other disturbances. Organochlorine pollution is known to affect the
breeding potential and the overall state of health of seals. Out of the anthropogenic heavy
metals, mercury is one of the most noxious, seriously affecting a wide range of organs in
ringed seals, and may even reduce the resistance of individuals to various diseases (Reijnders
et al. 1993, Reeves 1998). In the Bothnian Bay, high concentrations of organochlorines corre-
lated with the observed decrease in birth rate of ringed seals (Helle 1980b, 1985, Helle et al.
1976). In Lake Saimaa the concentrations of PCBs and DDT, the most well known
organochlorides, occur in relatively low concentrations, and burdens of organochlorides prob-
ably do not affect breeding of the Saimaa ringed seal at present (Helle 1985, Helle et al. 1983,
1985, Kostamo et al. 2000). However, very high concentrations of mercury were found in
tissue samples of the Saimaa ringed seal collected in the 1960s (Helminen et al. 1968, Henriksson
et al. 1969). It is generally accepted that the toxicity of mercury for ringed seals is reduced by
immobilisation of mercury to the liver by selenium (Smith and Armstrong 1978, Kari and
Kauranen 1978). Thus, it was considered relevant (IV) to assess the possible impact of mer-
cury on the well-being of Saimaa ringed seals.

The general historical attitude that seals are harmful pests for fishermen  (Anonymous 1855,
Mela 1882, Ylimaunu 2000) is probably the main reason for ringed seal hunting in Lake Saimaa,
although carcasses were also used in earlier times e.g. to produce oil (Sipilä 1981, Kilkki and
Marttinen 1984). For example on Lake Puruvesi and some locations of Lake Orivesi ringed
seals were harvested to extinction as late as the 1950’s (Sipilä 1981, 1994, Hyvärinen et al.
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1984, 1999a, Kilkki and Marttinen 1984). As a victory for the conservation movement the
Saimaa ringed seal was protected in March 4, 1955 by a statutory decree based on the Hunting
Act (Decree N.o109/1955). At that time there were no good estimates available about the size
of the seal population, but several hunting societies proposed a total ban on harvesting to the
State of Finland. Ironically enough, the concern about protection was because the extant popu-
lation size was too small to be a target of profitable hunting (Becker and Sipilä 1984b). When
using proper population models, past bounty statistics can be used as a basis for estimation of
historical population sizes of the target species, hence bounty data are used here to backcast
seal population sizes in the Baltic Sea, and also in Lake Saimaa (V).

The size of the Saimaa ringed seal population, now being over 200 seals, is well beyond the
limit of 100 individuals that is traditionally regarded as being safe from demographic stochasticity
(Lande 1988). However demographic stochasticity may have profound effects on a population
having a complex structure; differences in age, social status or spatial distribution may account for
increased vulnerability. Kokko and Ebenhard (1996) proposed a method of correcting popula-
tion size for such effects, resulting in an estimate of the demographic effective population size,
N

D 
of a population. The method was also applied to the Saimaa ringed seal (VI).

The protection and management of a target population is always an active process. At present, the
1992 Council Directive 92/43/EEC on the Conservation of Natural Habitats and of Wild Flora and
Fauna, the so called “Habitat Directive” is a principal collection of acts giving rough guidelines for
the protection of endangered populations in Europe. It also contains the aim of protection as fa-
vourable conservation status and directs the creation of a network of Special Areas of Conserva-
tion, better known as the “Natura 2000” -network. In this thesis the effects of the Habitat Directive
on the national legislation and protection of the Saimaa ringed seal are also evaluated (VII).

Extended summary

Lair studies

Saimaa ringed seal lairs were visually located at the end of the lairing period, in late April-
early May, when the roof of the lair has usually already collapsed and the lair is disintegrating
due to spells of mild weather in spring. In Lake Saimaa, the only possibility of digging a lair,
typical of the ringed seal, is to build it into snowdrifts along the shorelines. A lair in Lake
Saimaa is located approx. 50 cm from the waterline. Year after year lairs are often located in
approximately the same spot on any part of the shoreline known to harbour lairs. During the
period 1981 - 2000 a total of 3 874 lairs were detected (Fig. 1) (I, III, updated information).

Fig. 1.  Numbers of annually observed lairs in Lake Saimaa, 1981-2000.
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The structure of the Saimaa ringed seal lairs (haul-out lair and birth lair complex) matches that
of ringed seals breeding in the Arctic, in Lake Ladoga and in the Baltic Sea. It is also typical of
ringed seals that birth lair complexes are quite easy to distinguish from haul-out lairs of non-
breeding individuals at the end of the lactation period. The Baikal seal (Phoca sibirica) also
has lair structures similar to ringed seals (Pälsi 1924, Jääskeläinen 1925, Ognev 1935, McLaren
1958, Smith and Stirling 1975, Lukin and Poletov 1978, Helle et al. 1984, Lydersen and Gjertz
1984, Kelly 1988, Belikov and Boltunov 1998, Kunnasranta et al. 2001, Martínková et al.
2001). A lair with a still-born dead pup in Lake Saimaa is about the same size as a haul-out lair
of a male and female seal without a pup (I).

Lair counting and classifying them as birth lairs and haul-out lairs is a rather accurate method
of estimating pup production for a given area (Smith and Stirling 1978, Lydersen et al. 1990,
Lydersen and Ryg 1991). Site fidelity of the Saimaa ringed seal in combination with relatively
small snowdrifts, and shallow water under the lairs also gives quite good possibilities to find
natal hair (lanugo) and  remains of delivery, either placentas or still-born pups (Kunnasranta
2001, Koskela et al. 2002, I, III).

Subnivean lairs with an access hole to the water and/or a seal inside are a distinct heat source
in a snowdrift. Lair sites were video-recorded from a helicopter by infrared (IR) video camera
in March 1986, 1988 and 1990. Videotapes were analysed by computer using the Thermogram
program. The identified positions of heat sources using an IR-videosystem of the possible
lairing sites were subsequently located in the field in April (I, II). However, near shorelines
there are also other heat sources, such as subnivean water and boulders. The heat radiation
from those sources overlaps with heat radiation profiles from the lairs. A modest computerised
manipulation (relying on the oval shape of a lair) of the video image enhanced the identifica-
tion of lairs (II).

Backcasting population size

Annual bounty statistics are the only systemically amassed data of the Saimaa ringed seal
population until the onset of the population monitoring presented in this thesis. Despite the
large effort in collecting field data during the study years, the extant information is still too
scanty to build up an accurate life table for the Saimaa ringed seal. We used published life
history data in the modelling (Smith 1973a). The sex ratio of offspring born was assumed to be
typical of the ringed seal, 1:1 (V, see also III). With a Leslie matrix technique one can project
population structure one time step ahead, based on current population structure. Thus, for the
Saimaa ringed seal, subject to hunting (i.e., h

t
 individuals removed annually from the breeding

population) we have
 x

t+1
 = Ax

t 
 - h

t

where the transition matrix A contains the survival and fecundity values of the population and
age-group-specific individual numbers at time t are in the column vector X

t
.

As there are many uncertainties concerning long-term data on the Saimaa ringed seal, we
constructed different scenarios in our backcasting simulations. In these scenarios bounty sta-
tistics were assumed to be (i) accurate including all the killed seals or (ii) imperfect so that the
records of bags reflect only 90% of true kills. For years with bounty data missing, we assumed
a minimum of 20 seals killed. The population structure was reduced to three age groups, with
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(iii) each class being equally vulnerable to hunting, with hunting being confined to (iv) adults
or to (v) young seals. We also varied population growth rate

 
(V).

Fig. 2.  Backcasted population size in 1893 for the Saimaa ringed seal. The bars indicate
approximate 90% confidence intervals for population backcasts under different scenarios. For
the details, see (V).

The lowest backcast of the Lake Saimaa seal population in the year 1893 is as low as approx.
100 individuals, while the highest values are close to 1 300 animals (Fig. 2.). As a comparison,
using the same methodology, the backcasted ringed seal population in the Baltic Sea in 1900
was suggested to range between 30 000 and 450 000 individuals, for the grey seal population
in the Baltic the corresponding values were from 30 000 to 200 000 (V).

Based on literature, interviews of old fisherman and farmers and unpublished memorandums
from field work carried out from 1966 – 1973 (Koivisto and Paasikunnas 1973), it was esti-
mated that at the beginning of the 20th century the range of the Saimaa ringed seal covered
about 90 - 95% of the area of Lake Saimaa. Towards the end of the 20th century the range had
reduced to about 30 - 40% (Sipilä 1994). There was no clear observable reduction in the distri-
bution area during the 1980’s and 1990’s although observations of straggler seals were made
in the 1990’s, e.g., in Lake Puruvesi. However, there have been no observations of birth lairs in
the southernmost lairing occurrence of Lake Ilkonselkä (since the early 1980’s) and of the
northernmost occurrence Lake Pyhäselkä (since the mid 1990’s).
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Monitoring of the population

To reach estimates on the size of the population of the Saimaa ringed seal various census
methods were applied. Seals basking on the ice during the moulting season in late April - early
May were located and counted by aerial surveys. Airborne censuses were made over 114 hours
in the years 1980 - 84 and for 27, 4 and 12 hours in the years 1985, 1990 and 1995, respectively
(see III). Lair counting in late April and early May was made annually from 1981 to 2000. Data
from aerial surveys, lair mappings and observations made by volunteers and, in some cases by
local people, were also used to produce an annual estimate of the total number of seals (III).
Later in the 1990’s the estimation of population size was mainly based on an annual lair count-
ing based on the assumption that each seal digs at least one lair per year. Typically, ringed seals
often also have so called escape lairs, and they may use 1 - 4 lairs during a winter (Smith and
Stirling 1978, Kelly et al. 1986, Kelly and Quakenbush 1990). It was assumed that on average
a lairsite of a non-breeding Saimaa ringed seal is a circle of water area with a radius of approx.
500 m including all the shorelines inside this area. If more than one lair was detected inside
this area they were classified as escape lairs of the same seal. Some exceptions were made
mainly due to the visual observations of seals in small areas of an exceptionally high density of
lairs.

Annual numbers of pups born were directly based on the observed number of birth lair com-
plexes, and on the numbers of still-born pups, supplemented with visually located pups in
some cases (I, III). If two or more birth lairs were found within a range of less than two
kilometres from each other they were expounded as part of one birth lair complex (counted as
one pup), unless two placentas were found or two pups were observed at the same time on the
ice near the birth lair complex (counted as two pups). In a few cases heavy metal analyses
made from the lanugo hair picked up from such nearby birth lairs suggested that lanugos
originated from two different pups (cf., Lydersen and Hammill 1993a, Hyvärinen and Sipilä
1984, IV). Breeding site fidelity of the seal together with the scattered distribution in the laby-
rinthine lake basin (Koskela et al. 2002, I, III) of the population render it possible to make a
rough estimate of the number of mature females breeding annually and the birth rate of mature
females. When a birth lair complex was found it was counted as a lair site of a mature female.
If this particular female was found dead later on, or if there were no pups observed in that
particular birth lair site in three consecutive years, the mature female (or lairsite) was excluded
from the list of known mature females. Taking into account the precise nature of the data based
on annual lair counting, it is possible to estimate the total amount of pups born annually.

During the period 1977 - 2000 252 dead seals altogether were collected in the Lake Saimaa
region. In the years 1981- 2000 bodies were collected for studies by the University of Joensuu
or the Natural Heritage Services of Metsähallitus. Previously the Finnish Museum of Natural
History of the University of Helsinki and the National Veterinary and Food Research Institute
(EELA) also collected some dead seal bodies. The age of a dead seal was determined from
canine teeth (e.g., Smith 1973a). The cause of death was determined by autopsy of 182 bodies
by specialists from the EELA. Several measurements were made of the carcasses; when possi-
ble sex, weight, length etc. was determined and tissue samples were taken for further studies of
concentrations of environmental toxins and for DNA-studies (III, IV).
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Present status of the population

The bulk of the population is found in the central parts of Lake Saimaa in Lake Haukivesi and
in Lake Pihlajavesi, where about 50% of individuals reside. Lakes Haukivesi and Pihlajavesi
are both large water bodies (approx. 500 km2) and at present together comprise more than 50%
of the undisturbed breeding habitat for the ringed seal (Table 1).

Table 1. Estimated numbers of Saimaa ringed seals in the early winter 1984, 1990, 1995 and
2000 in different parts of the Lake. These figures do not include pups born in the estimation
year. (see Table 2, III). (Sources: I, Sipilä 1991, 1992, updated information.)

Area 1984 1990 1995 2000
Pyhäselkä 13 13 8-10 3-5
Orivesi 9-10 13-15 11-15 10-14
Pyyvesi - Enonvesi 6-7 5-8 6-8 15-18
Joutenvesi 8-10 13-18 13-18 20-30
Kolovesi 5-6 13-16 13-16 22-28
Haukivesi 32-37 41-55 44-54 48-58
Pihlajavesi 14-19 35-40 40-46 55-65
Tolvanselkä - Katosselkä 4-5 13-19 15-25 16-24
Lietvesi 8-9 13-16 8-12 7-10
Luonteri 1-2 2 2 2
Petranselkä 9-12 3-4 4-7 11-15
Ilkonselkä 4 4 3-4 2-3

Lake Saimaa in total 113-134 164-210 167-217 211-272

The division of Lake Saimaa into sub-areas is only practical for the monitoring of the ringed
seal population, and is based on the geographical morphology of the lake (Table 1, III). The
splitting of the lake into different areas does not suggest separate subpopulations. These areas
are thought to refer to the different breeding or lairing occurrences, or even more simply to the
different breeding areas of the Saimaa ringed seal.

Airborne censuses in 1995 were based on the assumption of uniform distribution of the seals
on the ice, and on the assumption that 50% of the seals present were observed basking on the
ice (Finley 1979, Smith and Hammil 1981, Järvinen and Sipilä 1992). This would give 42 seals
in Lake Joutenvesi, 18 in Lake Kolovesi, 57 in Lake Haukivesi and 54 in Lake Pihlajavesi.
These figures are probably overestimates due to the scattered distribution of seals in the lake.

At present nearly 60% of pups born annually are to be observed in the middle parts of Lake
Saimaa, Lakes Haukivesi and Pihlajavesi. In the early 1980’s the pregnancy rate of the Saimaa
ringed seal population was approx. 70% (estimated by using the amount of pups found from
known birthlair sites, III) and later on it was estimated to be 69% in 1989 - 1991, 83% in 1992
- 1994, 75% in 1995 - 1997 and 77% in 1998 – 2000 calculated as numbers of estimated
numbers of pups born vs. estimated total numbers of mature females. The mean pregnancy rate
in the breeding occurrence also varied in different areas of Lake Saimaa during the study
period, in Lake Lietvesi our estimate was 58%, while it was 80% in Lake Kolovesi. The over-
all reproduction rate of the population (estimated number of pups born vs. estimated mean
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population size) for the Saimaa ringed seal population was estimated to be approx. 15 % in the
early 1980’s (III), and for the later periods the corresponding figures were approx. 16% in1990,
approx. 21% in1995 and approx. 24 % in the year 2000. The increase in annual pup production
(Fig. 3) also suggests an increasing total seal population. From the conservation point of view,
it is promising that the observed numbers of pups were 54 both in 2001 and 2002.

Fig.  3.  Annually observed pups in the years 1980-2000 and estimated number of pups born
and mature females in the Saimaa ringed seal population.

Mortality

Observed mortality in the Saimaa ringed seal population refers to young seals, white coat or a
few months old pups (I, III, IV, VI, VII). There is a large gap between cumulative mortality of
yearlings due to “natural” causes or due to fishing tackle (Fig 4).

Fig. 4. Cumulative observed mortality (%) for various year classes of Saimaa ringed seals in
1997-1998. Note that “natural” causes do not include lanugo coated pups found dead.

For the period 1977 – 2000 the data available of 182 carcasses allowed classification of the
cause of death. The most common causes of death of ringed seal in Lake Saimaa were drown-
ing (or suffocation) in fishing tackle (53.3%) and mortality of lanugo coated pups (39.0 %). Only
5.5 % died a “natural” death (lanugo coated pups excluded), e.g., due to infections (Fig 5).
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Fig. 5. Main causes of death of the Saimaa ringed seal 1977-2000. “Lair death” includes
prematures, still-borns and accidental death of lanugo coated pups, “fishing tackle” also includes
deaths from suffocation without direct evidence of contact with fishing tackle. “Natural causes”
does not include lanugo coated pups found dead.

Lair mortality of lanugo coated pups is relatively high in Lake Saimaa, being approx. 20% in
the early 1980’s (I, III). During 1980 - 2000 we observed a total of 550 pups and 12.9% of
those were stillborn or had died, mainly from reasons unknown to us, before reaching the age
of about 2 weeks (Fig. 3, 5).

Probably, the small size of ringed seal pups makes them vulnerable to various hazards in lairing
conditions. Exact determination of the size of new-born pups is difficult, because normally
pups are born inside the lair and thus invisible to humans. In Lake Saimaa, pups are born in late
February or early March. Pup carcasses from lairs were collected in late April. In this study in
all cases where we suspected that a pup had been born prematurely the individual was not
included in the data set used for estimates of birth weight, but regarded still-born.

The mean weight of a new-born Saimaa ringed seal was 4.7 kg. The lightest new born pup was
3.3 kg and the heaviest 7.3 kg observed in the period 1980 – 1999 (Table 2). Low birth mass is
typical of ringed seals. The mean mass of new-born Arctic Sea and Okhots Sea ringed seals
varies from 3.5 kg to 5.4 kg and the mean length is 55-65 cm (Chapskii 1940, McLaren 1958,
Fedoseev 1964, 1975, Hammill et al. 1991, Lydersen et al. 1992, Belikov and Boltunov 1998,
Kingsley 1998).

Ringed seal pups develop a layer of subcutaneous fat during the nursing period (Tormosov and
Filatov 1979, Taugbol 1984, Lydersen and Hammill 1993b, Kelly 1988) and the premature and
still-born pups found in Lake Saimaa do not have any subcutaneous blubber (Table 2). The
premature pups in Lake Saimaa were about same size as full term foetuses of Artic ringed seals
(McLaren 1958, Smith 1987).

/
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Table 2. The length, weight and maximum blubber thickness on the belly side of lanugo coated
pups in 1980 - 1999. A pup was determined as premature by the specialists at EELA mainly if the
weight was less than 3.5 kg and/or the lungs were not open. The pups were determined as still-
born when lungs were mostly only partially opened and milk was not found in the stomach.
Fresh remains of umbilical cords were found on prematures and stillborns. The lungs of pups
found dead in lairs (lair death) were open entirely through the onset of respiration and milk was
found in the stomach.

Age n Mean SD Min. Max.

Length Premature 4 57.00 cm 3.37 53 cm 61 cm

Still-born 11 64.36 cm 6.55 48 cm 72 cm

Lair death 17 66.94 cm 5.25 53 cm 74 cm

Weight Premature  7 2.61 kg 0.72 1.3 kg 3.3 kg

Still-born 9 4.70 kg 1.29 3.3 kg 7.3 kg

Lair death 17 5.84 kg 1.11  3.6 kg 8.1 kg

Blubber Premature 3 0.0 cm 0.0 .0 cm .0 cm

Still-born 7 0.0 cm 0.0 .0 cm .0 cm

Lair death 17 0.8 cm 0.68 .0 cm 2.8 cm

Occasionally, the water level in Lake Saimaa sinks or rises during winter due to natural causes
or due to regulation procedures by the authorities. The water-level change breaks down the ice
sheet near the shorelines (Sipilä 1988, 1989, Sipilä and Hyvärinen 1989, I, III, VII). In the
years 1982, 1983, 1988, 1989 and 1996 a numbers of lairs collapsed in mid winter due to ab-
normally high variation in the water level. In these years, on average 31% of the observed pups
were found dead in lairs. In contrast during the winters 1980 - 2000 when water level during
the lairing period was kept roughly stable, the percentage of pups found dead in lairs was 8.4 %.

The instability of lairing conditions in Lake Saimaa area for the ringed seal also affects lacta-
tion. It has been shown that in years with high variation in water level during the lactation
period, the weaning mass of pups is lower than in winters with more stable water levels (Becker
1984, Sipilä 1988, 1989, Sipilä and Hyvärinen 1989). This also increases the hazard to the first
independent steps of the pups, as pups in less good condition get more easily fatally entangled in
fishing tackle than pups in better condition (Becker 1984, Sipilä and Hyvärinen 1998).

Various fishing tackle has turned out to be mortal traps for the Saimaa ringed seal, especially
for the young and inexperienced ones. Therefore, as an overall management action, fishing
restrictions from mid April to the end of June in major breeding areas of the Saimaa ringed seal
were introduced to prevent the drowning of seals in fishing tackle (Fig. 6) (Sipilä 1991, 1992,
Sipilä and Hyvärinen 1998, III).
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Fig.  6. The total surface area of fishing restrictions area in Lake Saimaa between the dates
of 15.4 –30.6 has gradually increased from 65 km2 in 1982 to 326 km2 in 2000.

The extant data (1962 – 1984, n = 44) on seasonal mortality of seals less than one year of age,
fatally entangled in various fishing tackle, shows that 71% died in April – June. The corre-
sponding figure for, 1992 – 2000 (n = 34) is 59 %. This data (Fig. 7) clearly indicates that
there is a critical period after weaning when young inexperienced pups face a considerable
risk of death due to human fishing activities.

Fig.  7. Monthly distribution of young seals (< one year in age) that have become fatally
entangled in various fishing tackle in 1962 - 1982 and in 1992 - 2000. (Hyvärinen and Sipilä
1983, updated information).

The survival rate of weaned pups to the age of two years is approx. 10% higher in the fishing
restriction areas than in areas without restrictions (Fig. 8. see also Table 7 in III). The differ-
ence is small, but in the long run it may turn out to be a significant factor contributing to the
rise of the ringed seal population size in Lake Saimaa. The fishing restrictions were primarily
established in the areas where intensive net fishing was carried out. In the early
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1980’s 40% of pups born in protected areas were drowned in fishing tackle while before im-
plementing the restrictions up to 60% of pups born alive perished (III). No similar estimate
concerning improved survival in fishing restriction areas in the late 1990’s is available.

In years 1982 - 1984 about 40% of pups that survived the suckling period in the protected areas
perished, while 50% of weaned pups died in non-protected areas. In the late 1990’s compara-
ble figures are 13% in protected areas and 21% outside those areas (Fig.8, cf. Table 7 in III). In
the years 1982 - 1984 38% of all pups born were born inside areas with fishing restrictions
(approx. 74 km2), compared with 52% for the years 1997 – 1999, when the restricted areas
encompassed approx. 285 km2.

Fig. 8. Fate of Saimaa ringed seals pups up to the age of two years in areas where net fishing
has been forbidden April 15 – June 30, compared with areas without restrictions in 1982-
1984 and in 1997-1999. (“Lairdeath” includes also prematures and still-borns; III, updated
information).

Mercury and the Saimaa ringed seal

It was seen as relevant, especially in knowing how intensive the pulp industry (the source of
mercury in fresh waters, together with forestry and peat-land ditching) has been, and still is, in
the region of Lake Saimaa, to assess mercury levels in tissues of the Saimaa ringed seal. Analyses
of mercury concentration were performed from tissue material obtained from carcasses found
in the area. We also used lanugo hair collected from birth lairs. Analyses of mercury concentra-
tions were undertaken at the Department of Biology, at the University of Joensuu.

A substantial reduction in tissue mercury levels from the early 1980’s to the first half of the
1990’s was seen in muscle samples of seals one to six months of age. A matching reduction in
mercury contamination of the liver was also evident in seals of three months of age during the
same period of time. However, in striking contrast, mercury concentrations in liver and muscle
tissues of seals less than one month of age, as well as in lanugo hair of pups did not show any
observable change in the period from 1981 to 1995. Our data also show that in the liver tissue
of adult seals, mercury levels remained more or less unchanged during the study period (IV).
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In these studies we found a clear positive correlation between seal age and mercury concentra-
tion. This data shows that the mean accumulation rate of mercury in the liver of the Saimaa
ringed seal is approx. 11 mg yr-1. About 80% of the total mercury accumulated in adult seals
was stored in their liver, while the rest was found mainly in the muscles. In an age group of
seals of approximately 3 months old in the early 1980s, some 75% of the total mercury accu-
mulated in the body was found in the muscle tissues, and the corresponding value for the early
1990’s was 65 %. An interesting finding is that in this age group mercury concentration in the
liver increased from 20% to 30% during the same time period. In an experimental study it was
found that selenium in the diet of an adult seal reduced mercury concentrations in hair. It is
also noteworthy that when this experimental seal was released back to its native habitat, the
level of mercury in hair soon increased back to the initial level (IV).

Demographic effective population size and estimated extinction probabilities

Applying the new methodology (Kokko and Ebenhard 1996) for the Saimaa ringed seals showed
that the estimated probability for population extinction decreased when the demographically
effective population size, N

D
, increased. Our research showed that, practically speaking, the

Saimaa ringed seal population would be safe from extinction due to reasons associated with
demographic stochasticity if N

D
 is about 100 or more. Unfortunately, this “number safe haven”

will have a heavy inflation once the target population is split into age groups of two sexes
distributed in a network of a labyrinthine lake system. The future presence of the Saimaa
ringed seal in the lake complex is very dependent on the age-structure, reproductive success
and dispersal-linkage between the different sub-regions (VI). Subtle changes, e.g., annual re-
production success, may yet, with these low individual numbers, tip the balance in unfavour-
ably to the long-time persistence of the population. Thus, care has to be taken to manage the
seal population to sustain it on the current track of positive growth rate.

Legal status and guidelines for Saimaa ringed seal protection

The Saimaa ringed seal population was listed as a game population in Finnish legislation until
1993. In that year legal protection of this endangered population was transferred to the Nature
Conservation Act, and the responsibility for management was given to the Ministry of Envi-
ronment and in practice to the Natural Heritage Services of Metsähallitus. Actually accession
of Finland to the European Union, in 1995, led to a comprehensive renewal of the Finnish
Nature Conservation Act in1996 (Kallio 2001, VII).

The Finnish National Shoreline Conservation Programme was approved by the Council of
State in December 1990. This programme is solely focused on protecting shorelines rimming
lakes and the Baltic Sea. However, it also gives the means to protect the breeding habitat of the
Saimaa ringed seal. The state is prepared to grant nature protection to the areas covering the
lair sites which were proved to be used by ringed seals. The usage of the lair sites should be
verified by separate studies (Anonymous 1991). This clause foreshadowed the Natura 2000
program. The Finnish Shoreline Conservation Programme covers approx. 70% and the Natura
2000 program covers approx. 95% of the shorelines where the Saimaa ringed seals lair sites
are located. The shorelines in the present national parks cover some 34% of birth lair sites and
approx. 24% of haul-out lair sites. Outside the Natura 2000 program areas, the Act Concerning
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the Planning and Construction of Buildings limit the number of buildings on the shoreline to
3 - 7 per kilometre (Sipilä and Koskela 2000, VII).

The Habitat Directive also requires that incidental killing should be limited if it causes a sig-
nificant threat to strictly protected species, included in Annex IV(a) of the Habitat Directive
(VII). Some modern fishing methods, e.g. strong-mesh-gill nets, fish baited hooks and salmon
traps can even kill adult seals throughout the year. The present norm, based on the Fishing Act,
only forbids some fishing methods which can kill adult seals, and only inside Natura 2000
areas (Sipilä and Koskela 2000, VII).

The Act concerning water level regulation of Lake Saimaa was renewed in 1991 to reduce
mortality of lanugo coated pups. Under the legislation regulating motor vehicle use on the ice
of the lake disturbance of lairs by snowmobiles can also be eliminated. These protection meth-
ods based on two separate Acts are not traditionally included in management plans of the
protected areas (VII).

The demands of the Habitat Directive were taken, partly in an incomplete form, into consid-
eration in protection of seal populations in the European Union. The protection of the critically
endangered Mediterranean monk seal is now implemented in practice. In the Mediterranean,
European Union countries and Turkey national laws to protect the Mediterranean monk seal
have been introduced. Despite the legislation, deliberate killing of monk seals still occurs in
some Mediterranean areas and the habitat protection in Greece and Turkey only encompasses
coastal waters although the monk seal routinely range distances of over 65 up to 160 nautical
miles (e.g. Admantopoulu et al. 1999, VII). In Britain both legal and illegal killing of grey and
harbour seals is widespread, partly even in protected areas. In the case of protection of “lower
risk” seal stocks in Britain the legislation is quite undeveloped (VII).

General discussion

Breeding in lair

The Saimaa ringed seal has had to adapt to exceptional circumstances in the labyrinthine water
course of Lake Saimaa, e.g. the only places where snow piles up are the shorelines. The shore-
line lairs are vulnerable to changes in water level during the lairing season (the relatively
narrow ice “belt” where snow piles up is confined to the shoreline, when the ice sheet forms on
the lake) and man made disturbance and land-predators (I).

The Saimaa ringed seal shoreline breeding habitat on rocky shorelines sufficiently resembles
ringed seal ridged fast ice breeding habitat elsewhere (e.g. McLaren 1958, Fedoseev 1975,
Smith 1975, Kelly 1988, I). A similar breeding habitat of ringed seal was also found in the
northern part of Lake Ladoga (Sipilä et al. 1993, 1996, 2002, Kunnasranta et al. 2001).

 In Lake Saimaa the lair offers shelter against a harsh winter climate and predators, and breed-
ing inside a lair is essential for this freshwater subspecies of the ringed seal to survive (Smith
and Stirling 1975, Stirling and McEwan 1975, Gjertz and Lydersen 1983, Sipilä 1987, 1988,
1989, 1997, Lydersen 1998, Kelly 2001, I, II, III). In Lake Saimaa there are only two docu-
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mented cases where a white coated pup has been found on open ice without the shelter of a lair.
One of the pups survived through the whole lactation period, while the other one starved to
death. These observations underline the significance of the lair for successful breeding of the
endangered Saimaa ringed seal.

It is documented that ringed seals tend to avoid risks of predator hazards when selecting lair
sites (e.g. McLaren 1958, Smith and Hammill 1981). Potential seal predators in the Lake Saimaa
area are red fox (Vulpes vulpes), wolf (Canis lupus), brown bear (Ursus arctors), lynx (Lynx
lynx) and also in some locations wolverine (Gulo gulo). Sometimes, in April one finds small
tunnels, most likely made by mink (Mustela vison) leading to lairs. Red foxes or dogs some-
times have “marked” by slightly digging into the snowroof of a few lairs, but there are no
records that they have broken the roofs of lairs in Lake Saimaa. There is only one observation
(Lake Kolovesi, March 1, 1991) that two dogs or two red foxes had attacked a birth lair and
killed a new-born pup. Later in spring 1991, also in Lake Kolovesi during lair studies, remains
of two other pups were found as an indication of death in their lairs. Those pups were partially
eaten, and at least one of them with subcutaneous blubber had died during the lactation period.
The small body size of white coated ringed seal pups makes them potentially vulnerable to
avian predators such as the glaucous gull (Larus hyperboreaus) and raven (Corvus corax)
(Lydersen and Smith 1989, Kelly 2001). Herring gulls (L. argentatus) and hooded crows (C.
corone) are seen to disturb adult seals basking on the ice in April during their moulting season
(Järvinen and Sipilä 1992), but these are mainly a nuisance.

Variation in population size

Official bag statistics probably do not include all the kills of any target population. Thus, in our
backcasting studies the scenario of “assumed kills” may reflect reality better than annual num-
bers of bounties paid (Fig.2). It is also presumable that the recorded bounty statistic does not
carry the whole truth of the population decline. The estimation for the population size in 1893
remains below 1000 seals, even whit a regulatory role for density dependence. This may indi-
cate that at the end of the19th century the Saimaa ringed seal population was smaller than
generally anticipated. Still the population size at that time may well have been about four
times larger than at present (V). According to Reeves (1998) and Harding and Härkönen (1999)
the maximum growth rate of the ringed seal population can not exceed 1.15. We certainly more
or less also used too high growth rate (1.15) when backcasting Saimaa ringed seal population
size and our minimum estimate of approx. 100 seals in year 1893 is too low (Fig. 2, 9a,b)
(Härkönen, pers, comm.).

In contrast to Lake Saimaa, the Baltic Sea seal populations have decreased drastically, even
the worst scenarios in the backcasting procedure give approximately ten times larger popula-
tion sizes at the beginning of 20th century than at present. Hunting has surely had a notable
effect on Baltic seal populations (Bergman 1958, Helle 1979, Harding and Härkönen 1999, V).
Very probably Ladoga ringed seal population size has also decreased approx. 50 - 75% during
the 20th century and most likely mainly due to hunting (Chapskii 1932, Jääskeläinen 1942,
Sipilä et al. 1996, 2002, Sipilä and Hyvärinen 1998). Generally in the European Union the
distribution area and size of many seal populations have diminished during the 20th century.
This is to the extent that at present mainly only stray seals can be found in Spain and Italy
(IUCN 1996, Brasseur et al. 1997, Reeves et al. 1992, VII).



Tero Sipilä

22

Exceptionally the monitoring of the Saimaa ringed seal population is largely based on the
counting of total population size and annual total pup production. Airborne censusing is a
typical method to estimate sizes of ringed seal stocks in the Arctic Ocean, the Baltic Sea and
Lake Ladoga. However, airborne censusing alone is not adequate to estimate sizes of a small
and scattered seal population such as that in Lake Saimaa (Smith 1973b, Antoniuk 1975, Nikkari
1975, Finley 1979, Helle 1980a, 1986, Harwood and Stirling 1991, Kelly 1988, Härkönen et
al.1998, III). The data from airborne censuses supplemented with data of observed lairs and
other observations of seals basking on ice give more reliable population estimates. For the
Saimaa ringed seal, estimation of the population size is mainly based on annual lair studies.
This is especially true for the 1990’s.

Efficiency of lair counting varies annually and spatially (Fig 1.). Its efficacy is influenced by
various circumstances, e.g., weather, ice conditions, amount of snow, technical equipment for
moving on the thin ice, time and financial resources and even the experience of persons par-
ticipating in the censuses. Annual lair counting in the 1990s covered about 60 - 90% of known
lairing or breeding areas. In late April lair counting is focused on finding birth lairs. Large birth
lair complexes are also easier to find than smaller haul-out lairs. Thus, many factors have to be
taken into account when reporting annual seal numbers. These include, among many other
things, long-term information of lairing site usage and observations of seal mortality. This
mainly explains the range given by annual estimates (Table 1).

Adult Saimaa ringed seals generally exhibit a high degree of site fidelity and have a fairly
small home range, with movements covering normally only a few kilometres (Koskela et al.
1996, 2002, Hyvärinen et al. 1999a,b). Due to this fact, and due to the simple fact that many
hundreds of kilometres of shorelines compose the breeding areas, the lair counting method (I,
III) itself gives better data year after year. This is because the amount of data accumulated on
the use of particular lairing sites serves as first-hand guidance for focusing lair counting in the
next year to come. Therefore, even in the late 1990’s the lair studies were slightly more reliable
than in the early 1990’s (Table 1, Fig. 1, 3, 9).

Probably, the size of the Lake Saimaa seal stock decreased substantially in the mid 1950’s.
When hunting was stopped a latent period for the recovery might have prevailed. In the late
1960’s, the population size probably started to decline again as a consequence of new fishing
methods and maybe environmental toxins such as mercury also had an affect on the population
size (Marttinen 1946, Sipilä 1981, Becker 1984, Hyvärinen and Sipilä 1983, 1984, I, III, IV).
The estimates of the Saimaa ringed seal population size in the1980’s were most likely underes-
timates, due to the inadequate data (Helle et al. 1981, Sipilä 1983, III). The first reasonably
reliable estimate is from the year 1990, when about 180-200 seals were estimated (Table 1,
Fig. 1, 3, 9).
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Fig. 9a,b.
Minimum and maximum estimates for the Saimaa ringed seal population (A) in the long term
(1893-2000) and (B) in the short term (1981-2000). (Sources: Bergman 1958, Haapanen 1966,
Koi-visto 1972, Koivisto and Paasikunnas 1973, Nikkari 1975, Helle et al. 1981, Sipilä 1983,
III, updated information; supplemented Nikkari pers. comm., Koivisto pers. comm. and Härkönen
pers. comm).

In the late 1990’s the seal stock had increased by about 50 animals (Table 1, Fig.3, 9), corre-
sponding to an annual growth rate of approx. 1.04 (Sipilä and Koskela 2001a). The improved
accuracy in the late 1990’s in the lair counting method explains some 25% of the observed
growth of population size in the late 1990’s (Table 1, Fig. 1). Present growth rate is definitely
smaller than the possible maximum rate for the ringed seal population (Reeves 1998) but it is
substantially greater than 1.01 which was the earlier estimate for the years 1977 - 1995 (VI).

Distribution and local population density

One alarming feature of the Saimaa ringed seal population is that there are seven breeding or
lairing occurrences open lake areas, with less than 20 seals (Table 1). Lairing areas in lakes
Ilkonselkä and Luonteri are those where annually only a few seal are recorded and these may
be stray individuals from nearby stronger breeding occurrences. Due to immigration even a
small population can recover and hence the minimum viable population size is always a case-
specific concept and the idea of “minimum” suggests that there are critical aspects of the
“population-in-its-environment” (Gilpin and Soulé 1986). The Lake Pyhäselkä population may
vanish in the near future and this extirpation will greatly reduce the distribution range of the
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Saimaa ringed seal. This suggests that critical conditions in the environment of the seal have
already changed too much in Lake Pyhäselkä. Hence, it is likely that in this lake, we do not
have any management means to reverse the condition of the environment suitable for the seals
in Lake Pyhäselkä (Sipilä 1991, I, III, VI, VII). In contrast, in Lake Petranselkä the seal stock
recovered in the late 1990’s, presumably due to seals originating from nearby Lake Lietvesi.
As an experiment a mature female was transported from Lake Haukivesi to Lake Lietvesi in
1992. She was observed in Lake Petranselkä over a period of two weeks and for the first time
she gave birth to a pup there in 1994 (Hyvärinen et al. 1995).

Over the study years, the most promising population increase (approx. 40%) was found in
Lake Kolovesi, a 25 km2 lake (Table 1). In this area annual pup production rose during the past
decade from 3 to 4. Since the mid 1980’s Lake Kolovesi has been nearly totally encompassed
by fishing restrictions between the 15 April and the end of June. Lake Kolovesi is included in
the National Shoreline Conservation Program, and in 1990 the Finnish State founded the
Kolovesi national park. Even the use of motorboats is forbidden on this lake, which probably
also decreases the amount of fishing tackle used in Lake Kolovesi.

The mean distance along water routes between the Saimaa ringed seal birth lairs is 5.5 km,
which is longer than the mean distance between haul-out lairs, 1.2 km, (data from lakes Kolovesi,
Joutenvesi, Haukivesi and Pihlajavesi, 1986 – 1988; Sipilä 1992, Sipilä and Hyvärinen 1998).
In Northwest Canada the mean distances between ringed seal birth lairs over the years in
different locations ranges from 300 m to 800 m. In the other types of lairs distance ranged
between 124 m to 800 m (Smith and Stirling 1975, 1978). At Kongsfjorden in Svaldbard the
mean distance between the birth lairs was 500 m and between tiggak lairs (rutting male lairs)
600 m (Lydersen and Gjertz 1984). Based on field observations in the Lake Saimaa area, the
long distance between birth lairs is not due to lack of suitable snowdrift formations; and hence
no good evidence exists to explain the lengthy distances.

Geographically, estimates of ringed seal population densities varies from 0.12 to 3.5 seals per
km2 (Reeves 1998). The present distribution of the Saimaa ringed seal gives an allusion of a
density of 0.1 seals km2. The highest density of 0.88 - 1.12 km2 is found at present in Lake
Kolovesi. The population size of Lake Saimaa in pristine state was assumed to be at least 2000
- 2500 seals (Hyvärinen and Sipilä 1992). An extrapolation, based on Lake Kolovesi, gives a
potential total population size in Lake Saimaa of about 3800 - 4900 seals. Although the carry-
ing capacity of Lake Saimaa for ringed seal is not soundly enough scored, the backcasted
maximum population size of 1300 animals in the year 1893 (V) reflecting density of approx.
0.3 seals per km2 probably did not reach the carrying capacity of the lake.

Population structure

The sex ratio in the Saimaa ringed seal population is 1:1, and the mean maturity age of males
according to the length of the baculum is 4 + years (McLaren 1958, Sipilä et al. 1999). Due to
lack of data having only 1 fresh sample and 4 decomposed samples of females from 4 to 8
years, the maturity age of females is unidentified. Extant mortality data suggest that the mean
life span of this seal is 19 - 23 years (Fig. 10; Sipilä and Hyvärinen 1998, Sipilä et al. 1999, III).
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Fig. 10. Cumulative observed mortality (%) for various year classes of adult Saimaa ringed seal
in 1997-1998.

The present population age structure is probably biased, although younger aged classes are
probably not as underrepresented at present as, they were earlier in the 1980’s (Nazarenko
1964, McLaren 1958, Smith 1973a, Hyvärinen and Sipilä 1983, Hyvärinen et al. 1984, Reeves
1998, Sipilä and Hyvärinen 1998, Sipilä et al. 1999, III, VI). Actually approx. 66 mature fe-
males in the year 2000 (Fig, 3) corresponds to  approx. 130 adult seals and  approx. 110 non-
breeding immature or mature seals in scattered populations (Table 1, Fig. 3).

The pregnancy rate of the Saimaa ringed seal varied from 75% to 83% in the 1990s, which
roughly suggests that the breeding capacity is more or less normal. Hence there are no data to
support that environmental toxins significantly affect the breeding success of this seal popula-
tion (Helle 1980b, Helle et al. 1983, Hyvärinen and Sipilä 1984, IV).

Genetic studies suggest no spatial differentiation among seals from different parts of Lake
Saimaa. However, the level of heterozygosity of the Saimaa ringed seal is 69 % lower than
ringed seals in the Baltic Sea and Arctic Ocean (Palo et al. 2003).

Decrease of mortality in fishing tackle

If mortality of lanugo coated pups (“lair death” see Fig 5) is excluded from the sources of
mortality the significance of drowning in fishing tackle rises drastically up to 87%. This un-
derlines that fishing tackle is an acute threat to the persistence and recovery of the Saimaa
ringed seal population (Sipilä et al. 1999, III). Very probably the mortality due to fishing tackle
is higher than was observed (n = 97), because 17.5% (n = 17) of seal found dead by suffocation
(fishing tackle, Fig. 5) were found by people from the shorelines and even 68.7% (n = 68) of
the carcasses found on shorelines (n = 99) were too decomposed to determine the cause of
death by autopsy. The annual mortality data is insufficient and together with data of the number
of pups born annually gives a far too optimistic scenario for the future of the population (Fig.
3, 8).

The habitats Directive requires that incidental killing should be limited if it imposes a threat to
strictly protected species [list included in Annex IV(a) of the Habitat Directive (VII)]. The
springtime fishing restriction is an effective method to reduce mortality of young seals, but
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still the prevention of suffocation of seals in fishing tackle is mainly based on temporary con-
tracts between Metsähallitus and local water area owners in the Lake Saimaa area (Fig. 6, 8).
Some current fishing methods can even kill adult seals throughout the year (Fig 10). Current
limited data do not prove that adult mortality in fishing tackle is significantly increasing in
Lake Saimaa, but suggest that more adult heavy weight seals got tangled in fishing tackle in
the 1990’s than previously (Sipilä and Koskela 2000). This threat to the seal population will
probably increase in future and the extraordinary mortality of adult seals strongly deduces the
growth rate of the population (Durant and Harwood 1992, Forcada et al. 1999a,b). A straight-
forward conclusion is that without fishing restrictions the Saimaa ringed seal population is in
great danger of extinction.

In 1996 the Finnish Parliament added a new section to the Fishing Act which gives the possi-
bility of wider fishing limitations (Sipilä and Hyvärinen 1998, Sipilä et al. 1999, VII). The
present norm-based Fishing Act for the period 1st May 1999 – 30th April 2004 only forbids
some fishing methods, which can kill adult seals, and only inside the Natura 2000 areas and
50% of observed deaths in fishing tackle of seals heavier than 30 kg occurred outside the
Natura 2000 areas (Sipilä and Koskela 2000, VII).

Protection of the lair sites

The observed site fidelity of the Saimaa ringed seal probably partly originates from the lairing
behaviour. Due to landscape structures large snowdrifts form year after year on the same shore-
lines. There is evidence that Arctic ringed seal are territorial during the lairing season (Stirling
1977, Smith and Hammill 1981).

In late April, when roofs of lairs have collapsed, birds such as ravens, hooded crows, herring
gulls and also foxes will scavenge the bodies of stillborn pups remaining in the lairs. The
carcasses of the lanugo coated pups, dying between the end of February and the beginning of
March, are frequently found in late April in the study area (I, III). Only in 15 cases out of 71
has the exact cause of death of these pups been determined. There is indirect evidence (e.g.,
broken skulls, 5 cases and internal wound in liver or lung, 4 cases) that in some cases the cause
of death is due to actions taken by man. The rate of natural death of lanugo coated pups is
totally unknown in the study area, but it seems that most of them are born alive and only a few
were premature and some still born (Table 2, Fig. 5) (Sipilä and Hyvärinen 1998, Sipilä et al.
1999).

During the annual lair studies one can also collect hair samples or even seal carcasses for
laboratory studies and so lair counting on the ice gives more information about the population
than lair counting by remote studies e.g. by infrared camera (I, II, III, IV). The visual lair
counting method with hovercrafts, snow-mobiles etc. in late April, when the roofs of the lairs
have collapsed also causes disturbance, but there were not any direct observations that em-
ployed lair counting methods in late April led to seals abandoning the lair site.

It is thought that the main reason why just weaned pup’s get easily tangled in fishing tackle is
due to the small size of the seal (Becker 1984). In ringed seal stocks abnormally small-sized
weaned pups (starvelings or stunted) were occasionally found (Helle 1983, McLaren 1958,
Smith 1987). These small-sized young ringed seals in the Arctic are the consequence of abnor-
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mally short suckling periods or disturbance of lairing (Lydersen and Gjertz 1987, Hammill et
al. 1991, Lydersen et al. 1993). Disturbance caused a significantly lighter weaning mass of
pups compared with the weaning mass of non-disturbed pups of the Southern elephant seal
(Mirounga leonina) and pup weaning mass was positively associated with 1st-year survivorship
(Engelhard et al. 1998, 2000).

In Lake Saimaa females give birth to their pups during a period of two to three weeks in mid
February - early March. The lactation period and probably also the lair site selection period in
early winter are vulnerable to various man made disturbances. This suggests that, as a Saimaa
ringed seal protection strategy, lairing sites or occurrences should be protected from any hu-
man disturbance from December to late April. The National Nature Protection Act and the
Habitat Directive also forbid disturbance of Saimaa ringed seal lairing.

The present situation of protection of lair sites is not satisfactory. Only in Kolovesi national
park, in some islets in Linnansaari national park (in Lake Haukivesi) and a few single islands
in other breeding areas, trespassing is forbidden on shorelines in wintertime.

Factors of disturbance in lairing habitat

In Lake Saimaa, mortality of lanugo coated pups is positively correlated to unstable lairing
conditions due to water level changes in winter (I, III). Since 1991 the act and strategy con-
cerning the adjustment of the water level of Lake Saimaa has changed. At present the Saimaa
ringed seal habitat needs (for breeding on the shorelines) were taken into consideration in
water level regulation (VII). In the period 1980 - 1991 14.5% out of 241 observed pups were
found dead, while in 1992 - 2000 the figure was reduced slightly to 11.7% (n = 309 pups). In
1996, when the water level in Lake Saimaa sank exceptionally in winter due to natural reasons,
over 40% of pups were found dead in their lairs (Sipilä 1997). If we exclude 1996, the 1992 -
2000 mortality of lanugo coated pups was limited to 8.2%.

Man made disturbance presumably also leads to mortality of ringed seal lanugo coated pups,
but at present this source of mortality can not be estimated. Disturbance of lairs by leisure
snowmobiles can be eliminated under legislation regulating motor vehicle use, but no deci-
sions have been made yet to limit the use of snowmobiles in the ringed seal breeding areas.

In the Arctic Ocean predation of ringed seal pups by arctic fox and polar bear varies from 6%
to 40% (Stirling and Archibald 1977, Smith 1976, 1980, 1987, Kelly 1988, Kingsley 1998).
These figures of mortality rate of lanugo-coated pups in the Arctic Ocean and in Lake Saimaa
are roughly the same in magnitude, although the causes of deaths are different.

It is most likely that ringed seals in Lake Saimaa avoid areas of human disturbance, e.g., areas
near the mainland and shipping lanes (III). Similar observations are also found for ringed seals
in the Arctic Ocean (Alliston 1980, Kelly et al. 1986, 1988, Smith 1987, Reeves 1998). In the
1990’s only the most important shipping lanes to paper mills were used year round in Lake
Saimaa, but there are no observations that this activity has increased the mortality of lanugo
coated pups. At present, use of shipping lanes in winter has probably diminished suitable breed-
ing habitat available for the seals.
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Recreational houses along lake shorelines are a constant source of disturbance, and they also
permanently change the nature of shorelines outside protected areas in Lake Saimaa (Sipilä
and Koskela 2000). Our data show that the number of lairs increases with increasing distance from
potential sources of man made disturbances (Sipilä 1992, I). This also underlines the necessity of
the protection of present lair occurrences and remaining breeding habitat in the lake complex.

Concentrations of mercury

The high concentration of mercury in seal tissues in the1960s indicates that the detoxification
mechanism of the Saimaa ringed seals was not effective enough to eliminate the mercury load
(IV). Nourishment in the Saimaa ringed seal differs from nourishment in ringed seals in the
seas and oceans. In Lake Saimaa the lack of selenium probably sets a limit to the detoxification
mechanism (Käkelä et al. 1995, Dietz et al. 1998, Kunnasranta et al. 1999, IV).

Mercury in natal hair indicates the passage of mercury across the placental barrier from the
high concentration of mercury in the blood of pregnant females (Hyvärinen and Sipilä 1984).
The main tissue where mercury may be derived from milk was muscle (IV). Medvedev et al.
(1997) assume that the mercury load is lower in old ringed seal females than in old males.
Today the Saimaa ringed seal pups receive much less highly toxic methyl mercury during the
nursing period than in the early 1980s. Notably the concentrations of mercury in muscles of
weaned pups have decreased strongly. The relative proportion of mercury in the muscles com-
pared to mercury in the liver has also decreased (IV). In a similar manner, in Lake Ladoga
mercury concentrations of adult ringed seal hair had decreased in the late 1990’s (Medvedev et
al. 1997, 2001). The general conclusion is that very probably at present environmental toxins,
not even mercury have any significant affect to the well being of Lake Saimaa seals.

Aspects of the management of the Saimaa ringed seal population

A small population of long life span animals can survive a relatively long time (Vermeij 1985,
Culver 1986, Williams and Nowak 1986), and in Lake Saimaa the habitat availability and
conditions for survival of ringed seal have been better in the past than at present. This may
explain how the Saimaa ringed seal has persisted so long as an isolated population in Lake
Saimaa (VI). It should be noted that the present small recovery in numbers does not automati-
cally forecast a safe future for the Saimaa ringed seal population.

Presumably nearly all the shorelines outside protected areas will be an unsuitable breeding
habitat for the Saimaa ringed seal in the future (Sipilä 1991, Sipilä and Pelkonen 1994, Anony-
mous 1995, Sipilä and Koskela 2000, 2001b, III, VI, VII). In future, icebreaking and regular
use of the shipping lanes in winter could expand due to planned prolongation of the sailing
season (at present normally from April to December) on the existing Saimaa canal and also
due to an idea to build a new and larger channel to and from Lake Saimaa via Kymijoki to the
Baltic Sea. The growing amount of recreational houses on the shorelines will impose yet an-
other increasing disturbance threat to the seals. If the Saimaa ringed seal will face extinction, it will
probably be caused by changes in the environment, not by genetic problems e.g. inbreeding (Järvinen
and Varvio 1986, Järvinen and Miettinen 1996, Hartman et al. 2001, Palo et al. 2003).
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For a successful conservation of the Saimaa ringed seal, reliable population data (including
births and deaths) are needed. Collection of such data should be carried out annually to render
management action feasible (Ranta et al. 1996). The Saimaa ringed seal population must still
be considered vulnerable to extinction due to reasons of demographic stochasticity alone. The
number of individuals alone is an insufficient measure of the population status. For conserva-
tion management we need data on the spatial distribution and on local population structures.
The study of demographic effective population size underlines the importance of assessing the
population size and (age) structure (VI). Ideally, extinction risk should be as close to zero as
possible. The juridical practice concerning the favourable state of conservation in Finland has just
become established (Koskela et al. 1999, Kallio 2001), now it remains to be implemented in
practice.

An ecological risk analysis of the endangered Saimaa ringed seal population, based on the
exponential growth model, shows that neither the wintertime water level changes, or mortality
in fishing tackle alone increases the risk of extinction to an intolerable level. However, in
combination they may be fatal (Ranta et al.1996). The scattered spatial structure of the Lake
Saimaa ringed seal population (I, III, IV) might pose a threat to the long-term persistence of
the population. The value of N

D
 responds strongly to the changes in life table characteristics

(VI), which, in turn can easily be altered by reducing external mortality (drowning in fishing
tackle) by young seals.

The various risk analyses support the fact that the present protection activities are suitable to
prevent the possible extinction. These acts include protection of breeding areas, different kinds
of fishing restrictions in breeding and distribution areas, new practice in water level control of
Lake Saimaa (I, II, III, VI). All possible protection methods should be used simultaneously,
because in practice the negative affects of different threats would only be partly diminished by
present protection methods.

Being optimistic, I suggest that we have already seen the first reliable signs of recovery of the
Lake Saimaa ringed seal population. Protection actions to reduce lair and fishing mortality
have served up real “first aid” (VI). An encouraging case is the history of the northern elephant
seal (M. angustirostris) population, which was very small (approx. 100 seals) at the end of the
19th century. Currently, due to conservation management, the extant population size is well over
100 000 seals (McGinnis and Schusterman 1981, Reeves et al. 1992, Reijnders et al. 1993).

In Lake Saimaa the conflict between fishing and protection is a grave problem and in Finland
greater compliance with the Habitats Directive Article 12(4) concerning fishing by-catch is
needed (VII). The National Fishing Act, not the Nature Conservation Act, gives the main
background to seal protection in water areas. Practically, the central line of the Fishing admin-
istration in Finland is to develop and promote fishing including Lake Saimaa, and even inside
national as well as so in Natura 2000 areas. To guarantee the best possible future management
of Saimaa ringed seal sanctuaries as a minimum state owned water areas inside the Natura 2000
program should be combined with land areas as a single protection unit under the control of a
nature protection administration, which would govern national parks and other protected areas.

In Lake Saimaa, communication and education have probably also reduced disturbance of
lairing occurrences or sites and reduced the mortality rate due to drowning in fishing tackle,
but the influence of this protection method has not been evaluated. At the national level, Finns
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are willing to accept the suggested cost of the conservation. Exceptionally, the local people
around Lake Saimaa are not (Moisseinen 1997). The success of protection requires communi-
cation and education that is interactive, reciprocal and continuous (Meffe et al. 1999).

Spatially based protection with special protection areas is basically a suitable method for Saimaa
ringed seal protection, due to the site fidelity of the seal. Scattered distribution with several
breeding occurrences is a problem, but through the Natura 2000 program all the remaining
lairing areas will be protected. There were some suggestions that in an earlier period herds of
ringed seals occurred in Lake Saimaa as currently found in Lake Ladoga and in some places in
the Baltic Sea (Seppovaara 1958, Anonymous 1966, Sipilä 1993, Sipilä and Medvedev 1993,
Sipilä et al. 1993, 1996, Kunnasranta et al. 1996, Härkönen et al. 1998). The density of the
ringed seal population may also affect social behaviour. One “idea” in the Natura 2000 pro-
gram is that population density should increase in the present breeding occurrences, which
will be protected by law, as happened in Lake Kolovesi.

The nearly unpolluted freshwater environment of Lake Saimaa provides an opportunity for
ringed seals to survive, there is enough stable annual ice cover and snowdrifts for breeding.
Present legislation, also gives support to the protection of the Saimaa ringed seal. The Natura
2000 network is the prime element in the protection of the Saimaa stock. In Lake Saimaa the
key issue is: How effectively will the state national and regional authorities put the demands of
the Habitat Directive and Natura 2000 program in to practice?

Acknowledgements

I have had the great personal pleasure of working with conservation issues of the Saimaa
ringed seal population over the past twenty years, or so, both as a researcher and as a conserva-
tion biologist. During these years this project has been financed by the Ministry of the Envi-
ronment, the Ministry of Agriculture and Forestry, Raija and Ossi Tuuliainen Foundation, LIFE
foundation, WWF, Maj and Thor Nessling Foundation, Imatran Voima Oy (Fortum Oy) and
IBM Corporation.

I would like to thank Professor Esa Ranta for providing me with links between science and the
“real world”, and in particular as a person who, in the past decade, has encouraged me to
continue my studies on the ecology of the Saimaa ringed seal, while carrying out my daily
duties in the nature protection unit of Metsähallitus. He also produced the final impetus for me
to push through the invisible but often unbearably light barrier to assemble the results of my
scientific research on the seal of beauty and challenge into a form of academic doctoral thesis.
His editorial experience helped me to overcome some pitfalls in scientific writing. I’m also
grateful to the other members of the “Helsinki Team of Ecological Risk Analysis”, docents
Hanna Kokko and Jan Lindström, who, with their enthusiasm, also carried me away.

The first part of this study was carried out at the Department of Biology, University of Joensuu,
while the final part was made at the University of Helsinki. To carry out studies in two univer-
sities, having different traditions in the paths of science has been a great learning experience.
Professor Heikki Hyvärinen gave guidance and substantial encouragement when I started Saimaa



Conservation Biology of the Saimaa Ringed Seal (Phoca hispida saimensis)

31

ringed seal studies in Joensuu. Professor Eero Helle (Finnish Game and Fisheries Research
Institute), a big brother in the research of ringed seals, has always given support and guidance
to my work. His tireless enthusiasm has lasted with an admirable endurance since the early
years of 1980’s. I am also grateful to Dr. Bengt Westerling (National Veterinary and Food
Research Institute), who introduced me to the art of seal pathology and to researcher Olavi
Stenman (Finnish Game and Fisheries Research Institute) who kindly checked all our age
determinations. Docent Tero Härkönen (Swedish Museum of Natural History) and Eero Helle
are thanked for critically commenting on the manuscript.

Over many years I have had a privileged possibility to indulge in the most interesting con-
versations with numerous marine mammalogists and conservationists. Here I name just a few
of those who were relevant to my professional and personal development: Brenda Becker,
Sophie Brasseur, Arne Bjorge, Harri Dalhström, Jaume Forcada, Ivar Jüssi, Mart Jüssi, Mike
Hammill, John Henderson, Lassi Karivalo, Brendan Kelly, Ilkka Koivisto, Kit Kovacks, Esko
Kuusisto, Christian Lydersen, Nikolai Medvedev, Nobuyaki Miyazaki, Pertti Rassi, Peter
Reijnders, Rauno Ruuhijärvi, Jaakko Salminen, Martti Soikkeli, Ilkka Stén, Michail Verekin,
Rauno Väisänen, Gordon Waring, Dean Wilkinson and  — of course — my closest colleague
Jouni Koskela.

This study would not have been possible without the help of many people - too numerous to
name all of you. For example, close to 80 persons have taken part in fieldwork in Lake Saimaa
over all these years. Some of them have stayed long time with me in the demanding study of
seals: Tapio Heikkinen, Janne Herranen, Oke Herranen, Pekka Innanen, Ola Jääskeläinen,
Reino Kiljunen, Jorma Korhonen, Erik Kukkonen, Mervi Kunnasranta, Jouko Kuosmanen,
Ismo Marttinen, Kaiku Marttinen, Vesa Marttinen, Juha Taskinen, Juha Sihvonen and Pertti
Tyni. My best thanks to all of you for the invaluable help you have provided.

I would also like to thank docents Nina Peuhkuri and Raimo Virkkala, who bravely assumed
the burden of reviewing my thesis. I owe my thanks to Professor Hannu Pietiäinen and Profes-
sor Veijo Kaitala, the masters of navigation in the troubled waters of administration at the
University of Helsinki.

I am most grateful to my dear wife Suvi for forbearance, and I also owe my thanks to the next
generation of our incarnation: Antti, Tuuli and Heini for their endlessly positive attitude to seal
protection.

References

Admantopoulu, S., Androukaki, E., Dendrinos, P., Tounta, E. & Kotomatas, S. 1999. Evidence of the
movements of the Mediterranean monk seal Monachus  monachus in Greece. - In: Abstracts 13th

Bien. Conf. Biology  Mar. Mamm., Wailea, HI,  28 Nov.- 28 Dec. The Soc. for Marine
Mammalogy.  p. 2.

Alliston, W.G. 1980. The distribution of ringed seals in relation to winter icebreaking activities near McKinley
Bay, N.W.T., January - June 1980. - Dome Petroleum Limited, Galgary, AL. 52 pp.

Anonymous. 1855. Suomen maan meripedot, maalikuvilla selitetyt. -  J.W. Lillja & Co, Turku. 26 pp.



Tero Sipilä

32

Anonymous. 1966. Julkaisematon pöytäkirja. - Riistantutkimuslaitoksen, Etelä-Savon riistanhoitopiirin ja
Mikkelin läänin maatalouskeskuksen järjestämästä kokouksesta Savonlinna, 30.03.1966, aiheena
kalastus ja hylje (allekirjoittajina Pulkkinen, V. & Hakkarainen, E.). 6 pp. (In Finnish, an unpub-
lished memorandum).

Anonymous. 1991. Rantojen suojeluohjelman alueet. - Ympäristöministeriö, Ympäristönsuojeluosasto,
Selvityksiä  97:142 pp.

Anonymous. 1992. Proposed Rules; Endangered and Threatened Species; Saimaa Seal.
- In: Federal Register, Dep. Comm., NOAA, 55, 244:60162-60164.

Anonymous. 1993. Rules and Regulations; Endangered and Threatened Species; Saimaa Seal.
-  In: Federal Register, Dep. Comm., NOAA, 58, 86:26920-26921.

Anonymous. 1995. Pihlajavesityöryhmän mietintö. - Työryhmän raportti 2/1995. Ympäristöministeriö,
Alueiden  käytön osasto, Helsinki. 90 pp.

Antoniuk, A. A. 1975. Estimation of the population size of the ringed seal in Lake Ladoga.
-  Zool. Zhurnal 54:1371-1377.

Becker, P. 1984. Uhanalaisuuden syyt. - In: Saimaannorppa,  Becker, P. (ed.) Saimaannorppa. Suomen
Luonnonsuojelun Tuki Oy, Helsinki. pp. 109-118.

Becker, P. & Sipilä, T. 1984a. Saimaan luonto. -  In: Becker, P. (ed.) Saimaannorppa, Suomen Luonnonsuojelun
Tuki Oy, Helsinki. pp. 28-51.

Becker, P. &  Sipilä, T. 1984b. Saimaannorpan suojelu ja tutkimus. - In: Becker, P. (ed.)  Saimaannorppa,
Suomen Luonnonsuojelun Tuki Oy, Helsinki. pp. 119-127.

Belikov, S.E. & Boltunov, N. A. 1998. The ringed seal  (Phoca hispida) in the western Russian Arctic.
-  In: Heide-Jorgensen, M.-P. & Lydersen, C. (eds.) Ringed seals in the North Atlantic. NAMMCO,
Sci. Publ. 1:63-82.

Belovsky, G.E. 1987. Extinction models and mammalian persistence. - In: Soulé, M. E. (ed.) Viable
Populations for Conservation. Cambridge University Press, Cambridge -  New York – Port Chester
– Melbourne – Sydney. pp. 59-68.

Bergman, G. 1958. Suomen hyljekannoista. - Suomen Riista 12:110-124.

Bonner, W.G. 1989. The Natural History of the Seals. - Christopher Helm, London.

Brasseur, S. M .J .M., de Jong, G. D. C. & Reijnders, P. J. H. 1997. Introduction. - In: Reijnders, P. J .H.,
Verriopoulos, G. & Brasseur, S. M. J. M. (eds.) Status of Pinnipeds  Relevant to European
Union. IBN Sci. Cont. 8, DLO, Wageningen. pp. 8-10.

Chapskii, K.K. 1932. Ladozhski tiulen i vozmozhnost ego promysla. - Rep. Fish. Res. Inst. Leningrad 13:147-157.

Chapskii, K.K. 1940. The ringed seal of western seas of the Soviet Arctic. The morphological  characteristic,
biology and hunting production. - Fish Res. Board. Can., Transl. Ser. 1665:1-144.

Culver, D.C. 1986. Cave Faunas.  - In: Soulé, M. E (ed.) Conservation Biology. The Science of  Scarcity and
Diversity. Sinauer Associates, Sunderland, MA. pp. 427-443.

Dietz. R., Paludan-Müller, P, Agger, C. T. & Nielsen, C.O. 1998. - Cadmium, mercury, zinc and selenium in
ringed seals (Phoca hispida) from Greenland and Svalbard. In: Heide-Jorgensen, M.-P. & Lydersen,
C. (eds.) Ringed seals in the North  Atlantic. NAMMCO, Sci. Publ. 1:242-273.



Conservation Biology of the Saimaa Ringed Seal (Phoca hispida saimensis)

33

Durant, S.M & Harwood, J. 1992. Assessment of monitoring and management strategies for local populations
of the Mediterranean monk seal Monachus monachus. - Bio. Cons. 61:81-92.

Engelhard, G.H., Brasseur, S.M.J.M., Hall, A.J., Slip, D.J., Burton, H.R., Fedak, M.A. & Reijnders, P.J.H.
1998.  Effect of disturbance on pup weaning mass in Southern  Elephant Seals. - In: Abstracts
The World  Mar. Mamm. Sci. Conf., Monaco, 20-14 Jan. The Soc. for Marine Mammalogy  &
The European Cetanean Soc. p. 39.

Engelhard, G.H., van der Hoff, J., Broekman, M., Baarspul, A.N.J., Field, J., Burton, H. R. & Reijnders,
P.J.H. 2000. Mass of weaned elephant seal pups in areas of low and high human presence. - Polar
Biol. 24:244-251.

Fedoseev, G.A. 1964. Ob embrionalnom, postembrionalnom roste i polovom sovrevanii ohotskoj koljatsatoj
nerpy. -  Zool.  Zhurnal 8:1228-1235.

Fedoseev, G.A. 1975. Ecotypes of the ringed seal (Pusa hispida Schreber, 1977) and their reproductive
capabilities. - Rapp. P.-v. Réun. Const. Int. Explor. Mer. 169:156-160.

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

Forcada, J., Hammond, P.S. & Aquilar, A. 1999a. The status of the Mediterranean monk seal  Monachus
monachus in the western Sahara and the implications of mass  mortality event. - Mar. Ecol.
Progr. Ser. 188:249-261.

Forcada, J., Pradel, R., Gazo, M. &  Aquilar, A. 1999b. Demographic trajectory and projections of  the
Mediterranean monk seal population in the western Sahara. - In: Abstracts 13th Bien. Conf.
Biology  Mar. Mamm., Wailea HI, 28 Nov.- 28  Dec. The Soc. for Marine Mammalogy. p. 58.

Frost, K. J. & Lowry, L. F. 1981. Ringed, Baikal and Caspian seals. - In: Ridgway, S.H  &. Harrison, R. J.
(eds.) Handbook of Marine Mammals, Vol. 2: Seals. Academic Press, London. pp. 29-53.

Gilpin, M. E. & Soulé, M. E.  1986. Minimum Viable Populations: Processes of  Species Extinction. - In:
Soulé, M.E (ed.) Conservation Biology. The Science of Scarcity and Diversity.  Sinauer Associates,
Sunderland MA. pp. 19-34.

Gjertz, I. & Lydersen, C. 1983. Ungecasting hos ringel i SvalbardomrÅdet. - Fauna 36:65-67.

Haapanen, A. 1966. Saimaa seal, in. litt. 20.12.1996. - In: Simon, N. (ed.) Red Data Book,
Volume 1-Mammalia. IUCN. Lausanne, Switzerland. MA/105.

Hammill, M.O., Lydersen, C., Ryg, M. & Smith, T. G. 1991. Lactation in the ringed seal (Phoca hispida).
              - Can.  J. Fish. and Aq. Sci. 48:2471-2471.

Harding, K., C. & Härkönen, T. 1999.Development in the Baltic Grey Seal (Halichoerus grypus) and
Ringed Seal (Phoca hispida) Populations during the 20th Century. -Ambio28, 7:619-627.

Hartman, J.L. IV, Garvik, B. & Hartwell, L. 2001. Principles for the Buffering of Genetic Variation.
- Science 291:1001-1004.

Harwood, L.A. & Strirling, I. 1991. Distribution of ringed seals in the Southeast Beaufort Sea during late
Summer. - Can. J. Zool. 70:891-900.

Helle, E. 1979. Structure and numbers of seal populations in the northern Baltic Sea: a study based on
Finnish bounty statistics, 1956-1975. - Aquilo Ser. Zool. 19:65-71



Tero Sipilä

34

Helle, E. 1980a. Aerial census of ringed seals Pusa hispida, basking on the ice of the Bothnian Bay, Baltic.
- Holoarctic Ecology 3:183-189.

Helle. E. 1980b. Lowered reproductive capacity in female ringed seals (Pusa hispida) in the Bothnian Bay,
northern Baltic Sea, with special reference to uterine occlusions. - Ann. Zool. Fenn. 17:147-158.

Helle, E.  1983.  Hylkeiden elämää. - Kirjayhtymä, Helsinki.

Helle, E. 1985. Ympäristömyrkyt ja Suomen hylkeet. - Suomen Riista 32:5-21.

Helle, E. 1986. The decrease in the ringed seal population of the Gulf of Bothnia in 1975-84. - Finnish Game
Res. 44:28-32.

Helle, E., Olsson, M. & Jensen, S. 1976. PCB levels correlated with pathological changes in seal uteri.
- Ambio 5:5-6.

Helle, E., Hyvärinen, H. & Sipilä, T. 1981. Yhdestoista hetki saimaanhylkeen suojelussa. - Suomen Luonto
40:423-425. (Summary: The Saimaa ringed seal - Symbol of successful nature protection
measures, or a bitter defeat?)

Helle, E., Hyvärinen, H., Pyysalo, H. & Wickström, K. 1983. Levels of  Organochlorine Compounds in an
Inland Seal Population in Eastern Finland.  - Mar. Pollut. Bull. 14:256-260.

Helle, E., Hyvärinen; H. &  Sipilä, T. 1984. Breeding habitat and lair structure of the Saimaa ringed seal
Phoca hispida saimensis Nordq. in Finland. - Acta  Zool. Fennica 172:125-127.

Helle, E., Hyvärinen, H. &  Stenman, O. 1985. PCB and DDT levels in the Baltic and Saimaa seal populations.
- Finnish Game Res. 44:63-68.

Helle, E., Sulkava, S., Sipilä, T. & Danilov, P. 1998. Phoca hispida spp. - In: Kotiranta, H., Uotila, P. Sulkava,
S. &  Peltonen, S-L. (eds.) Red Data Book of East Fennoscandia. Ministry of the Environment,
Finland, Finnish Environmental Institute & Botanical Museum, Finnish Museum of Natural
History, Helsinki. pp.196-199.

Helminen, M., Karppanen , E., & Koivisto, I. 1968. Saimaannorpan elohopeapitoisuudesta 1967.
- Suomen Eläinlääkärilehti 74:87-89.

Henriksson, K., Karppanen, E & Helminen, M. 1969. Mercury in inland and marine seals. -Nordisk hygienisk
tidskrift 50:54-59.

Hyvärinen, H. &  Sipilä, T. 1983. Häviääkö saimaanhylje? - Tiede 2000 3,6:26-32. (English Summary;
The Saimaa seal.)

Hyvärinen, H. & Sipilä, T. 1984. Heavy metals and high pup mortality in the Saimaa ringed seal population
in Eastern Finland. - Mar. Pollut. Bull. 15:335-337.

Hyvärinen, H. & Nieminen, M. 1990. Differentiation of the ringed seal in the Baltic Sea, Lake Ladoga and
Lake Saimaa. - Finnish Game Res. 47:21-27.

Hyvärinen, H. & Sipilä, T. 1992. Saimaannorppa, Phoca hispida saimensis. - In: Elo, U. (ed.)  Maailman
Uhanalaiset Eläimet, Suomi, Weiling+Göös, Vantaa. pp. 68-71.

Hyvärinen, H., Sipilä, T. & Tyni, P. 1984.  Saimaannorpan biologiaa. - In: Becker, P. (ed.) Saimaannorppa.
Suomen Luonnonsuojelun Tuki Oy, Helsinki. pp. 58-75.

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



Conservation Biology of the Saimaa Ringed Seal (Phoca hispida saimensis)

35

Hyvärinen, H,. Sipilä, T., Koskela, J. & Kunnasranta, M. 1999a. The Saimaa ringed seal. - In: Kuusisto, E.
(ed.) Saimaa a living lake. Tammi, Helsinki. pp. 126-136

Hyvärinen, H., Koskela, J. T. & Kunnasranta, M. 1999b. Saimaannorppien liikkuminen sekä
ympäristömyrkkyjen vaikutus lisääntymiseen. - In: Horppila, P. (ed.) Pihlajaveden tila
saimaannorpan silmin. Etelä-Savon ympäristökeskus, Moniste 13:41-43.

Härkönen, T., Stenman, O., Jüssi, M., Jüssi, I., Sagitov, R. & Verevkin, M. 1998. Population size and
distribution of the Baltic ringed seal (Phoca hispida botnica). -  In: Heide-Jorgensen, M.-P. & Lydersen,
C. (eds.) Ringed seals in the North Atlantic. NAMMCO, Sci. Publ. 1:167- 180.

IUCN. 1996. 1996 IUCN Red List of  Threatened  Animals. - IUCN, Gland Switzerland and Gambridge, UK.

Jefferson, T. A., Leatherwood, S. and Webber, M. A. 1993. FAO species identification guide. Marine
Mammals of the World. - FAO and UNEP, Rome.

Järvinen, O. &  Varvio, S-L. 1986. Proneness to extinction of small populations of seals: demographic and
genetic stochasticity vs. environmental stress. - Finnish Game Res. 44:6-18.

Järvinen ,O. & Miettinen, K. 1996. Sammuuko suuri suku? Luonnon puolustamisen biologiaa.  - Suomen
Luonnonsuojelun Tuki Oy,  Forssan kirjapaino Oy.

Järvinen, R. & Sipilä, T. 1992. Saimaannorpan makuukäyttäytymisestä avojäällä. - In: Sorjonen, J. (ed.)
Käyttäytymisekologian 3. kansallinen symp. Mekrijärvi 14 - 16. 11. 1991. Univ. of Joensuu,
Fac. of  Mat. and Nat. Sci. Rep. Ser. 32:45 p.

Jääskeläinen, V. 1925. Hylkeiden talvipyynnistä. - Suomen Kalastuslehti 31:36-41.

Jääskeläinen, V. 1942. Laatokka kalavetenä. - In: Näsi, V. &  Ovaska, E. (eds.) Laatokan mainingit. Laatokan
ja sen rannikon elämää sanoin ja kuvin. Otava. Helsinki. pp. 38-45.

Kallio, P. 2001. Suotuisan suojelun taso luonnonsuojeluoikeudessa. - Oy Edita Ab. Helsinki.

Kari, T. & Kauranen, P. 1978. Mercury and selenium contents of seals from brackish water in  Finland.
- Bull. Envir. Contam. Toxic. 18: 273-280.

Kelly, B. P. 1988. Ringed seal. - In: Lentfer, J.W. (ed.) Selected Marine Mammals of Alaska: Species
Accounts with Research and Management Recommendations, Washington, D.C. pp. 57-75.

Kelly, B. P. 2001. Climate change and ice breeding pinnipeds. - In: Walther, G.-R., Burga, C.A. & Edwards, P.J.
(eds.) “Fingerprints” of Climate Change, Adapted Behaviour and Shifting Species Ranges, pp. 43-55.

Kelly, B. P.  & Quakenbush, L.T. 1990. Spatiotemporal use of lairs by ringed seals (Phoca  hispida).
- Can. J. Zool. 68:2503-2512.

Kelly, B.P.,  Quakenbush, L. & Rose, J. R. 1986. Ringed seal winter ecology and effects of noise disturb-
ance. - Final Rep., Part 2. OCSEAP Res. Unit. 232, to U.S. Dep. Comm., NOAA, Nat. Ser., Alaska
Off., Anchorage. 91 pp.

Kelly, B. P., Burns, J. J. & Quakenbush, L. T. 1988. Responses of ringed seals (Phoca hispida) to noise
disturbance. - In: Sackinger, W. M. & Jefferies,  M. O. (eds.) Port and Ocean Engineering under
Arctic  Conditions, Vol. II, Symp. of Noise and Marine Mammals. Geophysical Inst., Univ. of Alaska,
Fairbanks. pp. 27-38.

Kilkki, V. & Marttinen, K. 1984. Henkipatosta suojelukohteeksi - Saimaannorpan ja ihmisen historiaa. - In:
Becker, P. (ed.) Saimaannorppa. Suomen Luonnonsuojelun Tuki Oy, Helsinki. pp. 98-102.

/



Tero Sipilä

36

Kingsley, M. C. S. 1998: The numbers of ringed seal (Phoca hispida) in Baffin Bay and associated waters.
- In:  Heide-Jorgensen, M.-P. & Lydersen, C. (eds.) Ringed seals in the North Atlantic. NAMMCO,
Sci. Publ. 1:181-196.

Koivisto, I. 1968. Saimaannorppa. - Suomen Luonto 27:109-110.

Koivisto, I. 1972. Saimaanhylje. - In: Siivonen, L. (ed.) Suomen nisäkkäät 2. Otava, Helsinki.  pp. 323-325.

Koivisto, I. & Paasikunnas, Y. 1973. Julkaisemattomia kenttämuistiinpanoja ja karttoja vuosilta 1966-73.
(In Finnish, unpublished field memorandums with maps, years 1966-73.)

Kokko, H. & Ebenhard, T. 1996. Measuring the strength of demographic stochasticity.  - J. Theor. Biol.
1983:169-178.

Koskela, J.T., Hyvärinen, H., Kunnasranta, M. & Lempinen, R. 1996. Home range, diving behavior and
habitat use of a radio-tagged male Saimaa ringed seal. - In: Abstracts Fifth European Conf. Wildlife
Telemetry, Strasbourg, France. 25-30 Aug. PX-1.

Koskela J. T., Sipilä, T. & Hyvärinen, H. 1999. Favourable state of conservation of the Saimaa seal popula-
tion. -  In: Abstracts 13th Bien. Conf. Biology  Mar. Mamm., Wailea, HI,  28 Nov.- 28 Dec. The Soc.
for Marine Mammalogy. p. 101.

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

Kostamo, A., Medvedev, N., Pellinen, J., Hyvärinen, H. & Kukkonen,  J. V. K. 2000. Analysis  of
Organochlorine compounds and extractable organic halogen in three subspecies of
ringed seal from Northeast Europe. - Env. Tox. Chemistry 194: 848-854.

Kunnasranta, M. 2001. Behavioural biology of two ringed seal (Phoca hispida) subspecies in the large
European lakes Saimaa and Ladoga. - Univ. of Joensuu, PhD Diss. in Bio. 7:33 pp.

Kunnasranta, M., Hyvärinen, H. & Sorjonen, J. 1996. Underwater vocalizations of Ladoga Ringed seals
(Phoca hispida ladogensis Nordq.) in summertime. - Mar. Mamm. Sci.12:611-618.

Kunnasranta, M., Hyvärinen, H., Sipilä, T. & Koskela, J. T. 1999.The diet of the Saimaa ringed seal
Phoca hispida saimensis. - Acta Theriologica 44:443-450.

Kunnasranta, M., Hyvärinen, H., Sipilä, T. & Medvedev, N. 2001. Breeding habitat and lair structure of the
 ringed seal (Phoca hispida ladogensis) in northern Lake Ladoga in Russia. - Polar Biol. 24:171-174.

Kuusisto, E. 1999. Basins and Balances. - In: Kuusisto, E. (ed.) Saimaa a living lake. Tammi, Helsinki. pp. 21-39.

Käkelä, R., Ackman  R.G. & Hyvärinen, H. 1995. Very long polysaturated fatty acids in the blubber of
ringed seals (Phoca hispida sp.) from Lake Saimaa, Lake Ladoga, the Baltic Sea, and Spitsbergen.
- Lipids 30:725-731.

Lande, R. 1988. Genetics and demography in biological conservation. - Science 241:1455-1460.

Lappalainen, V. 1984. Saimaa, Itämeren poikanen. - In: Becker, P. (ed.) Saimaannorppa, Suomen
Luonnonsuojeluliiton Tuki Oy, Helsinki. pp. 20-27.

Lukin, J. R. & Poletov, V. A. 1978. Uslovija sushestvovanija i raspredelenie kolchatoi nerpi v belom more
zimoi. - Biologija morja 3:62-69.

Lydersen, C. 1998. Status and biology of ringed seals (Phoca hispida) in Svalbard. In: Heide-Jorgensen, M.-
P. & Lydersen, C. (eds.) Ringed seals in the North Atlantic. - NAMMCO, Sci. Publ. 1:46-62.



Conservation Biology of the Saimaa Ringed Seal (Phoca hispida saimensis)

37

v ´

Lydersen. C. & Gjertz, I. 1984. Studies of the ringed seal (Phoca hispida Schreber 1775) in its breeding
habitat in Kongsfjorden, Svalbard. - Norsk Polarinst., Raportserie 19:46 pp.

Lydersen, C. & Gjertz, I. 1986. Studies of the ringed seal (Phoca hispida Schreber 1775) in its breeding
habitat in Konsfjorden, Svaldbard. - Polar. Res. 4:57-63.

Lydersen, C. & Gjertz, I. 1987.  Population parameters of ringed seals (Phoca hispida Schreber, 1775)
in the Svaldbard area. - Can. J. Zool. 65:1021-1027.

Lydersen, C. & Ryg, M. 1991. Evaluation breeding habitat and populations of ringed seals Phoca hispida
in Svalbard fjords. - Polar Record 27(162):233-228.

Lydersen, C. & Smith, T.G. 1989. Avian predation on ringed seal Phoca hispida pups. - Polar Biol. 9:489-490.

Lydersen, C. & Hammill, M.O. 1993a. Diving in ringed seal (Phoca hispida) pups during the nursing
period. - Can. J. Zool. 71:991-996.

Lydersen, C. & Hammill, M.O. 1993b. Activity, milk intake and energy consumption in free living ringed
seal (Phoca hispida) pups. - J. Comp. Physio. B. 163:433-438.

Lydersen, C., Jensen, P. M. & Lydersen, E. 1990. A survey of the Van Mijen fjord, Svaldbard, as habitat for
ringed seals, Phoca hispida. - Holoarctic Ecology 13:130-133.

Lydersen, C., Hammill, M.O. & Ryg, M.S. 1992. Water flux and mass gain during lactation on free-living
ringed seal (Phoca hispida) pups.-  J. Zool. Lond. 228:261-369.

Lydersen , C., Hammill, M.O. & Ryg, M.S. 1993. Differences in haul-out pattern in two  nursing ringed seal
Phoca hispida pups. - Fauna Norv. Ser. A 14:47-49.

Martínková, N., Zahradníková, A., Budeev, J. A. & Vrsansky, P. 2001. Surface home ranges of the Baikal
seal (Phoca sibirica) during the solid ice-cover period. - Biologia Bratislava 56:219-224.

Marttinen, A. 1946. Mikä on Saimaan hylkeen kohtalo. - Metsästys ja kalastus 1946:116-118.

McGinnis, S. M. & Schusterman, R. J. 1981. Northern Elephant Seal. - In: Ridgway, S. H & Harrison, R. J.
(eds.) Handbook of Marine Mammals, Vol. 2: Seals. Academic Press, London. pp. 329-349.

McLaren, I. A. 1958. The Biology of the Ringed Seal (Phoca hispida Schreber) in the Eastern Canadian
Arctic. - Fish. Res. Board Canada, Bull. 118:97 pp.

Medvedev, N., Panichev, N. & Hyvärinen, H. 1997. Levels of heavy metals in seals of Lake Ladoga and
the White Sea. - Science of Total Envir. 206: 95-105.

Medvedev, N., Sipilä, T., Panichev, N. A. & Koskela, J. T. 2001. Metals in Ladoga’s ringed seals as indica-
tors of the state of the ecosystem in the Russian Lake of Ladoga. - In: Abstract book,  XXXII Conf.
Environmental and Health Aspects of  Mining, Refining and Related Industries, Skukuza, South
Africa, 14-18 July, Environmin 2001. p. 59.

Meffe, G. K., Perrin, W. F. & Dayton, P. K. 1999. Marine Mammal Conservation. Guidelines Principles and
Their Implementation. - In: Twiss, J. R & Reeves, R. R. (eds.) Conservation and Management of
Marine Mammals. Smithsonian Institution Press. Washington and London. pp. 437-454.

Mela, A. J. 1882. Suomen Luurankoiset eli luonnontieteellisen Suomen luurankois-eläimistö. - Otava, Porvoo.

Mohr, E. 1952. Die Robben der Europäischen Gewässer. - Verlag Dr. Paul Schöps. Frankfurt am Main.

Moisseinen, E. 1997. Contingent valuation. The Case of the Saimaa Seal. - Univ. of Joensuu, Pub. Social
Sci. 28:208 pp.



Tero Sipilä

38

Müller-Wille, L.L. 1969. Biometrical comparison of four populations of Phoca hispida Schreb. in the Baltic
and White Seas and Lakes Ladoga and Saimaa. - Comm. Biol. Soc. Sci. Fennica 31, 3:1-12.

Nazarenko, Y.I. 1964. Materialy k izucheniya razmnozheniya kol’chatoi nerpy (Phoca  hispida) Cheshskoi
guby. - Morskie mlekopitauschie 1:171-175.

Nikkari, P. 1975. Saimaanhylkeet lentolaskettiin. - Suomen Luonto 34:236.

Nordquist, O.1899. Beitrag zur Kenntniss der isolierten Formen der Ringelrobbe (Phoca foetida Fabr.).
- Acta Soc. Faun. Flor. Fenn. 15:1-43.

Ognev, S. 1934.  Zveri SSSR i prilegajushchih stran Vol. III. -  Publisher of Academy  Sci. of USSR.
Moscow - Leningrad. 756 pp.

Ognev. S. I. 1935.  Mammals of USSR and adjacent countries, Vol. III, Carnivora (Fissipedia and Pinnipedia).
- Isr. Prog. Sci. Trans. Jerusalem (1962). 641 pp.

Palo, J. U., Hyvärinen, H., Helle, E., Mäkinen, H. S. & Väinölä, R. 2003. Postglacial loss of microsatellite
variation in the landlocked Lake Saimaa ringed seal. -  Conservation Genetics 4:117-128.

Pälsi, S. 1924. Suomenlahden jäiltä. - Otava, Porvoo.

Ranta, E., Lindström, J. & Kokko, H. 1996. Ecological Risk Analysis: The Case of the Saimaa Ringed Seal.
- Ambio 25:363- 365.

Rassi, P., Alanen, A., Kanerva, T. & Mannerkoski, I. 2001. Suomen lajien uhanalaisuus - Ympäristöministeriö
ja Suomen ympäristökeskus, Helsinki.

Reeves, R.R. 1998. Distribution, abundance and biology of the ringed seals (Phoca hispida): an
overview. - In: Heide-Jorgensen, M.-P. & Lydersen, C. (eds.) Ringed seals in the North Atlantic.
NAMMCO, Sci. Publ. 1:9-45.

Reeves, R.R., Steward, B.S. & Leatherwood, S. 1992. The Sierra Club Handbook of  Seals and Sirenians.
- Sierra Club Books, San Francisco.

Reijnders, P., Brasseur, S., van der Toorn, J., van der Wolf, P., Boyd, I., Harwood, J., Lavigne, D. & Lowry,
L. 1993. Status survey and conservation action plan: Seals, fur seals, sea lions and walrus.
- The World Conservation Union IUCN, Gland, Switzerland.

Rice, D. W. 1998. Marine mammals of the World – systematics and distribution. - The Soc. for Marine
Mammalogy, Special Publ. 4:231 pp.

Scheffer, V. B. 1958. Seal, sealions and walruses. - Oxford University Press, London.

Seppovaara, O. 1958. Saimaan norppa. - Eränkävijä 1958:50-55.

Sipilä, T. 1981. Saimaanhylkeen suku sammuu? - Pohjois-Karjalan Luonto 11:21-23.

Sipilä, T. 1983. Saimaanhyljetutkimus, tutkimusraportti 1981-1982. - Laudatur – Erikoistyö,  Joensuun
korkeakoulu, Biologian laitos. 68 pp.

Sipilä, T. 1987. Experimental examination of the lairs of the Saimaa ringed seal (Phoca hispida saimensis)
using thermal methods.-  In: Abstracts Seventh Bien. Conf. Biology Mar. Mamm., Miami, FL,  5-
9 Dec. The Soc. for Marine Mammalogy. p. 65.

Sipilä, T. 1988. The influence of water level changes on the breeding of the Saimaa seal. - In: Abstract, XI
Nordic Congress on Game Research, 5-9. Sep. 1988, Espoo, Finland, Finnish Game Fis. Res.
Inst., Helsinki. p. 64.



Conservation Biology of the Saimaa Ringed Seal (Phoca hispida saimensis)

39

Sipilä, T. 1989. Säännöstely syö Saimaan ja norpan. - Pohjois-Karjalan Luonto 17:6-7.

Sipilä, T. 1991. Saimaanhyljealueiden suojelutavoitteet. - WWF Suom. Rah. Rap. N:o 5. WWF, Helsinki. 82
pp. (English summary: Proposals for protection of Saimaa ringed seal breeding areas.)

Sipilä, T. 1992. Saimaannorpan (Phoca hispida saimensis Nordq.) pesintä-, populaatio- ja suojelubiologiasta.
- Lisensiaatintutkielma, Biologian laitos, Joensuun yliopisto. 45 pp.

Sipilä, T. 1993. Laatokan norppaserkku tarvitsee apua. - Suomen Luonto 52,8:36-37. (Summary: Lake Ladoga
- the “Karelian Sea”).

Sipilä, T. 1994. Saimaannorppa, alkuperäinen savolainen. - In: Tahvanainen, P. (ed.) Ympäristön tila Mikkelin
läänissä. Vesi- ja ympäristöhallitus, Helsinki. pp. 91-94.

Sipilä, T. 1997. Takaisku: Kuuttikato Saimaalla - Saimaan Luonto 13:6-7.

Sipilä, T. & Hyvärinen, H. 1989. Säännöstelläänkö saimaannorppa sukupuuttoon?  - Suomen Luonto 48,
2:20-21. (Summary: Saimaa water level adjustment spells doom for seals?)

Sipilä, T. & Medvedev, N. 1993. Notes on behaviour of Lake Ladoga ringed seal. - In: Abstracts Tenth Bien.
Conf. Biology  Mar. Mamm., Galveston, TX, Nov. 11-15, 1993. The Soc. for Marine Mammalogy. p. 99.

Sipilä, T. & Pelkonen, K. 1994.  Metsänorppa.  - In: Hokkanen, M. (ed.) Metsähallituksen luonnonsuojelualueet
toimintakertomus 1993. Metsähallituksen luonnonsuojelujulkaisuja, Sarja B, 11:33-35.

Sipilä, T. & Hyvärinen, H. 1998. Status and biology of Saimaa (Phoca hispida saimensis) and Ladoga
(Phoca hispida ladogensis) ringed seals.-  In: Heide-Jorgensen, M.-P. & Lydersen, C. (eds.) Ringed
seals in the North Atlantic. NAMMCO, Sci. Publ. 1:83-99.

Sipilä, T. & Koskela, J. 2000. Saimaannorppa - Phoca hispida saimensis. - In. Below, A. (ed.)
Suojelualueverkoston merkitys eräille nisäkäs- ja lintulajeille. Metsähallituksen
Luonnonsuojelujulkaisuja, Sarja A 121:9-19.

Sipilä, T. & Koskela, J. T. 2001a. The Growth of the Saimaa Ringed Seal Population. - In: Abstracts 14th

Bien. Conf. Biology Mar. Mamm., Vancouver, B.C., Nov. 28 - Dec. 3. The Soc. for Marine
Mammalogy. p. 198.

Sipilä, T. & Koskela, J. 2001b. Saimaannorppien esiintymisalue keskittyy. - Saimaan Luonto 16:5-7.

Sipilä, T., Medvedev, N., & Hyvärinen, H. 1993. The Ladoga ringed seal (Phoca hispida ladogensis).
- In: Simola, H., Viljanen, M., Slepukhina, T. & Murthy, R. (eds.) Abstracts of the First Int. Lake
Ladoga Symp. 1993, Univ. of Joensuu,  Publ. Kar. Inst.  112:203 p.

Sipilä, T., Hyvärinen, H. & Medvedev, N. 1996. The Ladoga seal (Phoca hispida ladogensis Nordq.).
- Hydrobiologia 322:192-198.

Sipilä, T., Koskela, J. T. & Hyvärinen , H. 1999.  Mortality of the Saimaa seal (Phoca hispida saimensis).
- In: Abstracts 13th Bien. Conf. Biology Mar. Mamm., Wailea, HI,  28 Nov.- 28 Dec. The Soc. For
Marine Mammalogy.  p. 174.

Sipilä, T., Medvedev, N., Kunnasranta, M., Bogdanov, V. & Hyvärinen, H. 2002. Present status and
recommended conservation actions for the Ladoga seal (Phoca hispida ladogensis) population.
- WWF Suom. Rah. Rap. N:o 15. WWF, Helsinki. 30 pp.

Smith, T.G. 1973a. Population dynamics of the ringed seal in the Canadian Eastern Arctic.
- Fish. Res. Board Canada, Bull. 181:55 pp.

/



Tero Sipilä

40

Smith, T.G. 1973b. Censusing and Estimating the Size of Ringed Seal Populations. - Fish. Res. Board
Canada, Technical Rep. 427:18 pp.

Smith, T.G. 1975. Ringed Seals in James Bay and Hudson Bay: Population Estimates and Catch Statistic.
- Arctic 28:170-182.

Smith, T.G. 1976. Predation of ringed seal pups (Phoca hispida) by the Arctic fox (Alopex lagopus).
- Can. J. Zool. 54:1610-1616.

Smith, T.G. 1980. Polar bear predation of ringed and bearded seals in the land fast ice sea ice habitat.
- Can. J. Zool. 58:2201-2209.

Smith, T.G. 1987. The ringed seal, Phoca hispida, of the Canadian Western Arctic. - Can. Bull. Fish. Aqu.
Sci. 216:81pp.

Smith, T.G. & Stirling, I. 1975. The breeding habitat of the ringed seal  (Phoca hispida). The birth lair and
associated structures. - Can. J. Zool. 53:1297-1305.

Smith, T.G. & Armstromg, F.A.J. 1978. Mercury and selenium in ringed and bearded seal tissues from
Arctic Canada. - Arctic 31:75-84.

Smith, T.G. & Stirling, I. 1978. Variation in the density of ringed seal (Phoca hispida) birth lair in the
Amundsen Gulf, Northwes Territories. - Can. J. Zool, 56:1066-1071.

Smith, T.G. & Hammill, M. O. 1981. Ecology of the ringed seal, Phoca hispida, in its fast ice breeding
habitat.  - Can. J. Zool. 59:996-981.

Soulé, M.E. 1986. Conservation Biology and the “Real World”. - In: Soulé, M.E (ed.) Conservation
Biology. The Science of Scarcity and Diversity. Sinauer Associates, Sunderland, MA. pp. 1-12.

Stirling, I. 1977. Adaptations of  Weddell and Ringed Seals to Exploit the Polar Fast Ice Habitat in the
Absence of  Presence of Surface Predators. The Proceedings of the Third SCAR Symp. on Antarctic
Biology. - Gulf Pub. Company, Houston, TX. pp. 741-748.

Stirling, I. & McEwan, E.H. 1975. The caloric value of whole ringed seals (Phoca hispida) in relation to
polar bear (Ursus maritimus) ecology and hunting behavior. - Can. J. Zool. 53:1021-1027.

Stirling, I. & Archibald, E.R. 1977. Aspects of polar bear predation. - J. Fish. Res. Board Can. 34:1126-1129.

Taugbol, G. 1984. Ringed seal thermoregulation, energy balance and development in early life, a study on
Pusa hispida in Kongsfjorden, Svalbard. Cand real thesis, Zoofysiologisk Institutt, Univ. of Oslo,
Norway, 1982. Can. Trans. Fish. Aquat. Sci. No 5090.

Tormosov, D.D. & Filatov. I.J. 1979. Ladozhskaya nerpa - obyeckt issledovaniya. - Prioda 3:103-107.

Ukkonen, P. 1993. The post-glacial history of the Finnish mammalian fauna. - Ann. Zool. Fenn. 30:249-264.

Vermeij, G.J. 1985. Survival during Biotic Crises: The Properties and Evolutionary Significance of
Refuges. - In: Elliott, D.K. (ed.) Dynamics of Extinction. John Wiley & Sons. New York -
Chichester - Brisbane - Toronto - Singapore. pp. 231-246.

Williams, D.J. & Nowak, R. M.1986. Vanishing Species in Our Own Backyard: Extinct Fish and Wildlife of
the United States and Canada. - In: Kaufman, L. & Mallory, K. (eds.) The Last Extinction. The MIT
Press, Cambridge, MA. – London. pp. 141-166.

Ylimaunu, J. 2000. Itämeren hylkeenpyyntikulttuurit ja ihminen-hylje -suhde. - Suomalaisen  Kirjallisuuden
Seura, Helsinki. 510 pp.

/




