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(2)INTRODUCTION


Humans and wildlife are living in closer mutual
 interaction than ever before, and increasing numbers
 of species and taxa are suffering from the direct or
 indirect effects of human disturbance. Many bird and
 mammal species avoid areas that are being disturbed
 by human activity (Stevens & Boness 2003, Morán-
 López et al. 2006, Leblond et al. 2013), whereas other
 species exhibit behavioural plasticity that allows
 them to adapt to a human presence (Díaz-Ruiz et al.


2016, Wheat & Wilmers 2016). It may not always be
 possible for a species to avoid human interference or


to become accustomed to it, due to limited behav-
 ioural flexibility, limited mobility or the scarcity of
 suitable habitats. In such cases, a disturbance may
 have severe immediate effects at the individual level
 (such as increases in heart rate or stress hormone lev-
 els), which may ultimately affect the viability of the
 population (e.g. Regel & Pütz 1997, Weimerskirch et
 al. 2002, Ellenberg et al. 2006, 2007, Selman et al.


2013). Also, these immediate responses may be trans -
 formed into long-term changes and hence adversely
 influence demographic parameters such as survival
 and reproductive success (Fowler 1999, Frid & Dill
 2002, Weimerskirch et al. 2002, Müllner et al. 2004,


© The authors 2017. Open Access under Creative Commons by
 Attribution Licence. Use, distribution and reproduction are un -
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ABSTRACT: Human disturbance can affect the viability of wildlife populations partly through
 its effects on breeding success. Land use as a form of disturbance may do so by fragmenting the
 key environments of certain species. We used statistical pattern recognition methods to estimate
 the long-term effects of human disturbance on the Endangered, landlocked population of the
 Saimaa ringed seal Pusa hispida saimensisby examining how various densities of buildings on
 lake shores have altered the survival of juveniles and the persistence of the population. In addi-
 tion, we examined whether disturbance caused by different intensities of land use would further
 reduce the long-term persistence of the population. We also provide estimates of the quality of
 Lake Saimaa shorelines as breeding habitat in relation to building density. Our results show that
 at present, the lairs of Saimaa ringed seals are located closer to potential sources of human dis-
 turbance than they were in the past and that land use intensity has an effect on juvenile mortal-
 ity. Perinatal mortality increases significantly in more densely developed areas, where the near-
 est building is within 800 m of a birth lair. In addition, 29% of the shoreline of Lake Saimaa is no
 longer suitable for ringed seals due to  intensive land use. Our results illustrate how human dis-
 turbances can significantly compromise  juvenile survival and therefore the long-term existence
 of this Endangered population.


KEY WORDS:  Pusa hispida  saimensis· Juvenile mortality · Population change · Anthropogenic
 disturbance · Land use
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Ellenberg et al. 2006, 2007). Thus, understanding the
 long-term effects of human disturbance on wildlife is
 one of the key elements in population management,
 especially for endangered species.


The Saimaa ringed seal Pusa hispida saimensis is
 an Endangered subspecies of the ringed seal (Kovacs
 et al. 2012, Liukko et al. 2016) that lives in Lake
 Saimaa, a freshwater lake that was isolated from the
 Baltic basin after the last Ice Age, about 9500 yr ago
 (Nyman et al. 2014). The decline in this landlocked
 population was most acute during the 20th century,
 on account of various factors such as hunting, envi-
 ronmental toxins, habitat fragmentation and inciden-
 tal by-catch mortality (Sipilä & Hyvärinen 1998,
 Kokko et al. 1999, Sipilä 2003). As a result of active
 conservation efforts, the population has now in -
 creased to over 350 individuals (Metsähallitus Parks


& Wildlife Finland 2016), but there are still several
 factors affecting its viability. The low genetic varia-
 tion within the population has reduced its ability to
 adapt to environmental changes, and therefore an
 increase in population size would be essential (Valto-
 nen et al. 2012). One of the major factors slowing
 down population growth is still the by-catch mortal-
 ity among juveniles, particularly in connection with
 gillnet fishing (Niemi et al. 2012, 2013a). Regional
 and temporal fishing restrictions and prohibitions
 have therefore been introduced in the most impor-
 tant breeding areas. In addition to this by-catch mor-
 tality, an average of 13% of the total of around
 60 pups born annually are either stillborn or die dur-
 ing the nursing period (Auttila et al. 2014, Auttila
 2015), the reason for which has remained unclear.


Furthermore, the effects of disturbances are being
 intensified as the climate changes and breeding con-
 ditions deteriorate, due to the inadequate snow and
 ice cover (Auttila 2015).


The ringed seals of Lake Saimaa give birth to a
  single pup in a subnivean lair during a period from
 mid-February to mid-March (Helle et al. 1984, Sipilä
 1990), and weaning takes place in mid-May (Niemi
 et al. 2013a). In general, the lairs are used for resting,
 breeding and nursing as they provide protection
 against the harsh thermal conditions and against
 predators. Saimaa ringed seals exhibit high site
 fidelity (e.g. Kunnasranta 2001, Koskela et al. 2002,
 Valtonen et al. 2015), and areas with low human
 activity are preferred as breeding sites (Sipilä 1990).


The subnivean lairs are typically located in snow-
 drifts on the shores of small islands or islets, where
 deep snowdrifts tend to form in approximately the
 same spot every year (Helle et al. 1984, Sipilä 1990).


The mother and her pup stay close to the lair during


the nursing period (Rautio et al. 2009, Niemi et al.


2013a), which emphasizes the importance of the
  surroundings of the lair site. Lake Saimaa is also a
 popular place for leisure-time pursuits, and human
 activity on the lake during the seals’ breeding season
 is continuously increasing. There are now around
 60 000 buildings close to the shoreline, and many
 outdoor activities take place on the lake. Further-
 more, 300 to 400 new buildings are built on the
 shores of the lake each year, and an increasing pro-
 portion of the cottages are being used all year round
 (Ministry of the Environment 2011).


Some evidence indicates that human disturbance
 affects the moulting of Saimaa ringed seals in spring,
 when they are forced to enter the water from their
 haul-out sites as they are either intentionally or unin-
 tentionally approached by boats (Niemi et al. 2013b).


Harbour seals Phoca vitulina have also been ob -
 served to avoid contact with humans (Henry & Ham-
 mill 2001, London et al. 2012, Blundell & Pendleton
 2015), and the most critical time for this is thought to
 be the breeding period. Several studies of pinniped
 species have indicated that the presence of humans
 in creases pup mortality (Kenyon 1972, Mattlin 1978,
 Kovacs & Innes 1990, Stevens & Boness 2003), and
 there have been suggestions that such disturbance
 can also affect the breeding success of Saimaa ringed
 seals (Sipilä 2003, Ministry of the Environment 2011),
 although the long-term effects on the population are
 difficult to quantify. In particular, the direct observa-
 tion of human-induced disturbances in the case of an
 endangered species is challenging, if not impossible,
 and thus statistical pattern recognition tools are
 needed in order to estimate the risks attached to such
 disturbances.


Here we examined to what extent land use may be
 a factor in breeding success and juvenile mortality
 observed in the Endangered Saimaa ringed seal. We
 addressed 2 issues related to the effects of human
 disturbance: the probability of perinatal pup death in
 relation to land use intensity, and the quality of the
 shores of Lake Saimaa as breeding habitats for
 ringed seals. Our results should prove useful in con-
 nection with shoreline land use planning, e.g. for
 updating master plans in the distribution area of the
 ringed seal or for deciding whether to issue a build-
 ing permit for a site on the shore of Lake Saimaa.


MATERIALS AND METHODS


This study covered the whole current and potential
distribution area of the ringed seal Pusa hispida
284



(4)saimensis (see Niemi et al. 2012) in Lake Saimaa
 (61° 05’ to 62° 36’ N, 27° 15’ to 30° 00’ E, Fig. 1).


The lake (surface area 4400 km2) is fragmented,
 with numerous interconnected water basins and


>14 000 km of shoreline and >13 000 islands. It is
 about 180 km long and 140 km wide, and has a mean
 depth of 12 m (Kuusisto 1999). It is normally covered
 by ice approximately from mid-December to the end
 of April (Oiva 2015).


Saimaa ringed seal lair site data for 1995−2013
 (Metsähallitus Parks & Wildlife Finland database
 2013) and shoreline building location data (Popula-
 tion Register Centre, Population Information System,
 Building and Dwelling Register database 2013) were
 used to estimate the effects of human disturbance in
 the form of land use on perinatal mortality (i.e. still-
 born pups and pups that lived for less than 2 mo). The
 lair site location data had been acquired during the
 annual censuses (Sipilä 2003), and the shoreline buil -
 dings (n = 68 620) used in the analyses were identi-
 fied from the spatial database by employing a 200 m
 buffer with respect to the shoreline. The input data
 consisted of the locations (latitude and longitude) of


birth lairs (n = 1113, used by females and their pups),
 haul-out lairs (n = 6582, used by males or by females
 without pups) and deaths (n = 175) of nursed (age 0−


2 mo) and stillborn pups (foetal deaths) and their dis-
 tances from the 1st, 2nd, …, 100th nearest building.


The procedure for estimating perinatal mortality
 included the distances of dead (including stillborn
 and nursed pups) and live nursed pups found in the
 birth lairs in year yfrom the 1st, 2nd, …, 100th near-
 est buildings that had been constructed by the end of
 year y− 1 (i.e. ~2−4 mo before observing a dead or
 alive pup in year y). Breeding success was estimated
 on the basis of the distance of each haul-out lair from
 the 1st, 2nd, …, 100th nearest buildings in year y− 1,
 the distributions of which were compared with the
 distances of the birth lairs from the 1st, 2nd, …, 100th
 nearest buildings in yeary(11 mo gestation; Atkin-
 son 1997).


The probability of perinatal mortality with respect
 to the distance of each birth lair from the 1st, 2nd,


…, 100th nearest buildings was estimated using the
 random forest (RF) classifier (Breiman 2001), an
 ensemble learning method that constructs a collec-
 tion of decision trees and uses the idea of bagging
 (bootstrap aggregation; Breiman 1996) to control
 for variance. The RF model is able to handle many
 possibly correlated variables, and hence the peri-
 natal mortality probabilities were modelled using
 distances from the 100 nearest buildings. The
 parameters of the RF model (number of trees, confi-
 dence, minimum gain) were estimated using 10-
 fold cross-validation (Kohavi 1995). After estimating
 the parameters, the optimized RF model was ap -
 plied in relation to the distances from the 100 near-
 est buildings at 1 km intervals along the shoreline
 of the lake.


The distances of the birth lairs from the 1st, 2nd, …,
 100th nearest buildings were compared with those of
 the haul-out lairs, in order to recognize breeding suc-
 cess patterns with respect to distance from the 1st,
 2nd, …, 100th nearest buildings. This was done using
 a semi-supervised one-class support vector machine
 (OCSVM) (Cortes & Vapnik 1995, Schölkopf et al.


2001, Chang & Lin 2011). (OC)SVMs have usually
 been used for ecological niche modelling, geograph-
 ical GIS modelling, species distribution modelling
 and various remote sensing modelling applications,
 for example (Drake et al. 2006, Foody et al. 2006,
 Muñoz-Marí et al. 2007, Guo et al. 2011). The semi-
 supervised OCSVM differs from the conventional
 supervised classification model in that it is trained
 using only 1 class (here the distances of the birth lair
 from the 100 nearest buildings), after which samples
 Fig. 1. Water basins of Lake Saimaa, Finland. Towns 


(> 20 000 inhabitants) are marked with j
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from the second class (here the distances of the haul-
 out lair from the 100 nearest buildings) are compared
 with the above (birth lair distances) in the testing
 (10-fold cross-validation) phase. The OCSVM esti-
 mates the overlap between the distributions of the
 2 classes using confidence values given for each sam-
 ple, where a confidence > 0 means a regular (usual,
 common) breeding distance from the 1st, 2nd, …,
 100th nearest buildings and < 0 means an exceptional
 (outlier) breeding distance. The confidences were
 used to map high-low areas of overlap between the
 2 groups (breeding success). The OCSVM further
 distributes each exceptional lair as (1) exceptionally
 close to or (2) exceptionally distant from the 1st, 2nd,


…, 100th nearest building (Fig. 2). The OCSVM toler-
 ates possibly correlated variables (predictors), and
 hence the distances of the lairs from the 100 nearest
 buildings are used here as predictors.


In the preprocessing phase, the distances between
 the lairs and the 1st, 2nd, …, 100th nearest buildings
 were rescaled between 0 and 1, while in the estima-
 tion phase, the parameters of the radial basis function
 (gamma, nu) of the OCSVM model were optimized
 using 10-fold cross-validation. After estimating the
 parameters, the optimized OCSVM model was ap -
 plied with respect to the distances from the 100 near-
 est buildings at 1 km intervals along the shoreline of
 the lake. All statistical analyses were performed
 using RapidMiner 5.3.015 software (Mierswa et al.


2006).


RESULTS


The average distance of both types of Saimaa
 ringed seal lair from the nearest buildings gradually
 shortened over the period 1995−2013, by an average
 of 167 m in the case of the nearest building, and 1031
 m for the 100th nearest building (Fig. 3). The average
 distance of the birth lair from the nearest building in
 2013 was 668 m (median 533 m) and that of the haul-
 out lair was 600 m (median 482 m).
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Fig. 2. One-class support vector machine model distribution of Saimaa ringed seal Pusa hispida saimensislairs on Lake Saimaa
 as regular (positive confidences, blue dots), exceptionally near (negative confidences, red dots) and exceptionally 


distant (negative confidences, black dots) from the (a) 1st, (b) 10th, (c) 50th and (d) 100th nearest building


Fig. 3. Average distances between lairs of the Saimaa ringed
 seal Pusa hispida saimensisand the 1st, 2nd, …, 100th (i.e.


kth) nearest buildings decreased between 1995 and 2013,
 by an average of 167 m in the case of the nearest building, 


and 1031 m for the 100th nearest building



(6)Close proximity and high density of buildings
 increased the estimated risk of perinatal mortality
 (Fig. 4), which increased markedly when the nearest
 building was less than 800 m from the birth lair
 (Fig. 4a) and also increased when the 100th nearest
 building was less than 3000 m away from the birth
 lair (Fig. 4d), indicating that high building density
 had a negative effect on pup survival. Furthermore,
 the variation in perinatal mortality probabilities was
 high (0−0.72) when the nearest building was very
 close to the birth lair (Fig. 4a), due to the effect of
 building density on mortality. The average probabil-
 ity of perinatal death over all locations (Fig. 4; dots)
 was 0.15 (i.e. an observed perinatal mortality of
 15%).


Our OCSVM modelling suggested that the appear-
 ance of 1 birth lair required on average 6.6 previous
 year’s haul-out lairs in the regular breeding area.


These birth lairs were an average of 673 m (range
 24−2968 m) from the nearest building. The number of


birth lairs relative to haul-out lairs was exceptionally
 small at 11% of the lair sites, namely those located in
 a densely developed area (with weakened breeding)
 where the nearest building was an average of 189 m
 (range 8−701 m) from the lair site. At these sites,
 1 birth lair required 10.4 haul-out lairs in the previ-
 ous year, but it was also the case that 1 birth lair
 required a higher than average number of haul-out
 lairs in sparsely populated areas (with edge breed-
 ing) where the nearest building was an average of
 1302 m from the lair (range 390−3237 m). In edge
 areas, the small number of haul-out lairs was not
 high enough for regular breeding, and 1 birth lair
 required an average of 8.4 haul-out lairs from the
 previous year. The average distances between lairs
 of Saimaa ringed seals were different in these three
 predicted OCSVM model-based areas (Fig. 5).


The results based on the RF model suggest that the
 proximity of buildings increased the probability of
 perinatal mortality, and that this probability varied
 between different areas of Lake
 Saimaa (Fig. 6a), being highest in
 those close to human population
  centres.


The shorelines of Lake Saimaa were
 mostly (71%) suitable areas for ringed
 seal breeding in 2013, or to be more
 precise, 70% of the shoreline was
 classified as belonging to the regular
 breeding area (the distances between
 the lairs and buildings were shown by
 the OCSVM model to be regular), 1%


belonged to the edge breeding area
 (and was sparsely populated), and
 29% belonged to the weakened
 breeding area (and were densely built
 up). In other words, regular breeding
 is no longer possible on 29% of the
 shores of Lake Saimaa (Fig. 6b).


The statistical performance of both
 models (their 10-fold cross-validation
 accuracy) was good (RF: 84% and
 OCSVM: 92/89%, for birth/haul-out
 lairs, respectively).


DISCUSSION


Saimaa ringed seals are currently
 breeding closer to potential sources of
 human disturbance than previously.


Our study has shown that in 2013, the
 average distance between a seal lair
 Fig. 4. Random forest (RF) model-based estimates of the probabilities of peri-


natal Saimaa ringed seal Pusa hispida saimensispup death. Probabilities were
 computed for each 1 km interval of lake shoreline in relation to distances of
 the birth lair from the (a) 1st, (b) 10th, (c) 50th and (d) 100th nearest buildings.


The highest, intermediate and lowest estimated probabilities of perinatal
  mortality are indicated by red, black and blue dots, respectively (colours 


correspond to those in Fig. 6a)
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and the nearest building was 167 m closer than in
 1995. During that time, the seal population has
 grown from less than 200 to over 350 individuals
 (Kunnasranta et al. 2016, Metsähallitus Parks &


Wildlife Finland 2016), and the number of shoreline
 buildings has also increased. At the same time, the
 number of leisure-time cottages in Finland has
 increased by over 20% (Official Statistics of Finland
 2015). It is notable that, being a landlocked sub-
 species and having a limited freshwater habitat,
 Saimaa ringed seals live in closer proximity to


humans than any other seal population in the world,
 and given this exceptionally close interaction with
 humans, some degree of habituation to human pres-
 ence is likely at the individual level. Other seal spe-
 cies, such as harbour seals Phoca vitulina and harp
 seals P. groenlandica,exhibit a high degree of toler-
 ance to human disturbance, especially during the
 breeding season (Kovacs & Innes 1990, Henry &


Hammill 2001, Andersen et al. 2012). It has also been
 suggested that high tolerance may be linked to a
 trade-off between escaping and nursing, and hence
 it may not necessarily be an indication of habituation
 (Andersen et al. 2012).


Our results strongly indicate that land use as a form
 of human disturbance has a negative effect on popu-
 lation fitness, in that the probability of perinatal
  mortality is higher in areas with a high density of
 buildings. This was shown by the fact that mortality
 increased significantly when the 100th nearest
 shoreline building was less than 3000 m from the
 location of the birth lair. In addition to building
  density, the proximity of buildings to the lair site in -
 creases the probability of mortality, i.e. perinatal pup
 mortality increased significantly when the nearest
 building was located less than 800 m from the birth
 lair. This distance is consistent with the results of an
 earlier telemetry study of Saimaa ringed seal pup
 home range before weaning (Niemi et al. 2012). Fur-
 thermore, similar distances (425−850 m) were ob -
 served in a study of the behavioural responses of har-
 bour seals to human disturbances at their haul-out
 locations in relation to the breeding cycle (Andersen
 et al. 2012). Therefore, based on our results and ear-
 lier findings (Niemi et al. 2012), we recommend that
 800 m should be taken as the minimum size for a
 288


Fig. 5. Average distances between lairs of Saimaa ringed
 seals Pusa hispida saimensisand the kth (1st, 2nd, …, 100th)
 nearest buildings in cases of edge breeding, regular breed-
 ing and weakened breeding areas based on the one-class
 support vector machine model. The colours shown here 


correspond to those in Fig. 6b


Fig. 6. (a) Random forest model probabil-
 ities of perinatal death of Saimaa ringed
 seals Pusa his pida saimensis, based on
 distan ces from the 100 nearest buildings
 at 1 km shoreline intervals and (b) a one-
 class support vector ma chine model-
 based classification of the shores of Lake
 Saimaa in terms of suitability for seal
 breeding at 1 km shoreline intervals.


Towns (> 20 000 inhabitants) are labelled 
in (a)



(8)buffer zone between birth lairs and potential sources
 of human disturbance. Our results with regard to the
 density of buildings and their closeness to a lair site
 support previous suggestions of a heightened sensi-
 tivity of Saimaa ringed seals to human disturbance
 during the breeding season (e.g. Sipilä 2003, Min-
 istry of the Environment 2011). Further studies are
 needed to find out the underlying mechanisms of in -
 creased mortality. It has been suggested that human-
 caused disturbance is analogous to predation risk
 and that it generates physiological and/or behav-
 ioural responses (Frid & Dill 2002). We argue that
 seals perceive, e.g. humans, pets and motor vehicles
 moving on ice mainly by hearing, and this triggers
 anti-predator behaviour resulting in a trade-off be -
 tween parental investment and survival in Saimaa
 ringed seals that ultimately affects breeding success.


Similar findings of indirect effects of human distur-
 bance have been noted for nesting birds (Beale &


Monaghan 2004).


The quality of Lake Saimaa shorelines as a seal
 breeding habitat varies based on the predicted haul-
 out:birth lair ratio in relation to the 100 nearest build-
 ings. Our OCSVM modelling suggests that an aver-
 age of 6.6 annual haul-out lairs from earlier years are
 required for each birth lair in the regular breeding
 area (blue areas in Fig. 6b), and that the number of
 haul-out lairs required will be larger in densely built-
 up areas (10.4 haul-out lairs, red areas in Fig. 6b),
 and also in sparsely populated areas (8.4 haul-out
 lairs, black areas in Fig. 6b). The result for densely
 built-up areas may be explained by the fact that
 there is more disturbance, and hence those areas are
 not optimal for seal breeding. In areas with low
 building density, but few Saimaa ringed seals, coinci-
 dence is probably one of the most significant factors
 affecting breeding success. Despite the low number
 of buildings and thus the low incidence of distur-
 bance, breeding success may remain poor for some
 un known reason(s). One such area is the Kolovesi
 basin (see Fig. 1), which has also been mentioned in
 a genetic study of seals (Valtonen et al. 2014) as hav-
 ing an extremely limited gene flow to and from other
 lake basins.


Most of the shoreline of Lake Saimaa still provides
 potential sites for birth lairs of the ringed seal, but
 land use for building purposes is so intensive on 29%


of the shoreline that regular breeding is no longer
 possible. This is alarming, as according to legally
 approved master plans (as of 2013), around 8000 new
 summer cottages will be built on the shores of the
 distribution area of the ringed seal in Lake Saimaa
 during the next 20 to 25 yr, which means that a large


part of the subspecies’ breeding habitat will decline
 in quality or vanish due to human land use. The areas
 where regular breeding is no longer likely are typi-
 cally located around towns and other human popula-
 tion centres, and these are the areas where building
 activities should be focussed in the future, leaving
 the areas of regular or edge breeding undeveloped
 or only sparsely developed.


Determining and evaluating the impacts of anthro-
 pogenic disturbances forms a central part of the strat-
 egy for protecting the Saimaa ringed seal, and in the
 light of our results, we must inevitably conclude that
 human disturbance via the direct and indirect effects
 of intensive land use may have a substantial effect on
 this endangered population. Thus, it can be expected
 that increasing human activity together with climate
 change will exacerbate effects such as elevated peri-
 natal pup mortality. To safeguard the remaining
 breeding habitats, we recommend the establishment
 of adequate buffer zones between the lair locations
 and potential sources of disturbance and suggest that
 these should be taken into account in land use plan-
 ning as soon as possible.
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