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Abstract Mild winter weather causing snow to melt and ice to accumulate on the ground has been proposed to cause the decreased survival of individuals, and less pronounced cyclicity, of small rodent populations in Fennoscandia. However, detailed data linking ice accumulation to decreased winter survival is lacking. We live-trapped and monitored with passive integrated transponders enclosed populations of root voles (Microtus oeconomus) exposed to different amounts of ice accumulation through a mild winter. We studied how social behaviour and survival responded to snow melt and ice accumulation. Voles avoided ground ice by moving their home ranges, thus increasing home range overlap in enclosed populations experiencing more extensive ice cover. Winter survival
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was not affected by the amount of ice accumulation, and was only slightly reduced during ice formation in early winter. The lowest survival rates were found at the onset of snow melt in early spring. These results suggest that ice accumulation does not cause lower survival during mild winters, probably because plastic social behaviour enables root voles to reduce the negative effects of varying winter weather on survival. The mechanisms for lower survival during mild winters may operate during spring and be related to spring floods or increased susceptibility to predators. Keywords Home range overlap  Ice accumulation  Microtus oeconomus  Social behaviour  Winter survival



Introduction In recent years the regular and conspicuous density cycles of some rodent populations in Fennoscandia and in Northern England have become less pronounced (Steen et al. 1996; Hansson 1999; Henttonen 2000; Bierman et al. 2006), partly because the amplitudes of the density variations have reduced in size (Bierman et al. 2006). The changes in the amplitude of population fluctuations in these areas coincided with dramatic changes in winter demography, most notably accentuated winter declines and reduced strength of the delayed density dependence during the winter (Henttonen 2000; Strann et al. 2002; Ho¨rnfeldt 2004; Bierman et al. 2006). The processes that may explain these marked temporal changes are poorly understood (Aars and Ims 2002; Ho¨rnfeldt 2004), and may vary between populations and species living in different ecological systems. One explanation, intended for Fennoscandian conditions with high snow cover during winter,
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refers to an increasing frequency of mild winters due to steadily warmer climatic conditions (Ho¨rnfeldt 2004). In Sweden, for example, snow establishes later and melts earlier, and fluctuations in snow depth and winter temperatures lead to repeated thaw and freeze episodes, causing severe ice formation on the ground (Ho¨rnfeldt 2004). These conditions could lead to increased predation risk, increased energetic costs due to thermoregulation, and reduced availability of food and hiding places (Ho¨rnfeldt 2004). In Northern England, vole dynamics have also been found to correlate with decreasing length of permanent snow cover, even though the total duration of snow cover is much shorter (Bierman et al. 2006). Prevailing winter climatic conditions may be important for the winter survival and reproduction of many small rodents (Hansson 1984; Aars and Ims 2002). Warmer and more unstable winter conditions might lead to less snow and higher frequencies of ice formation on the ground, thereby making more food resources unavailable (Korslund and Steen 2006) and increasing the probability of avian or mammalian predation (Hansson and Henttonen 1985; Ho¨rnfeldt 2004). Insulating effects of snow diminish as snow cover reduces, thus increasing exposure to temperatures of below zero (Marchand 1996). In addition, milder climatic conditions could be associated with longer growth seasons for plants and therefore might lead to weaker trophic interactions between rodents and their food resources (Ergon et al. 2004; Bierman et al. 2006). Unfortunately, very few studies have tried to establish which factors could be critical for winter demography, and—if they are—at what time these factors affect winter demography. It is well known that the apparent survival of many small rodents is higher during winter than summer, while winter reproduction remains rare (e.g., Merritt and Merritt 1978; Yoccoz and Mesnager 1998; Aars and Ims 2002). Although some winter reproduction can occur when densities are low and/or food availability high, population growth still remains negative (e.g., Tast and Kaikusalo 1976; Hansson 1984; Tast 1984; Norrdahl and Korpima¨ki 2002). Furthermore, there are some indications that both autumn freeze and spring thaw may be critical to small mammal survival (e.g., Merritt and Merritt 1978). The postulated direct effects of winter climate on the winter demography of small rodents could be dampened by adaptations that enable these species to cope with stochastic, unpredictable variations in seasonally changing environments. Small rodents in general are considered to be very plastic in their social behaviour, activity patterns, as well as in their growth and reproductive efforts (Madison 1990; Ims 1997; Tkadlec and Zejda 1998). Plasticity in these behavioural and life history traits may help reduce mortality when weather conditions deteriorate. For example, winter conditions can be associated with
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huddling behaviours (West and Dublin 1984), increased tolerance for other individuals (Madison 1984; West and Dublin 1984), and lower body mass or reproductive effort (Iverson and Turner 1974). Still, very little is known about the social behaviours of small rodents that live under snow and how their social behaviours may respond to temporal changes in climatic conditions during winter. In a study involving four different winters and experimental enclosures situated in an agricultural terrain with permanent snow cover during winter (southeast Norway), Aars and Ims (2002) showed that winter survival of root voles (Microtus oeconomus) decreased when the number of days with mean temperature above 0°C during winter increased. They suggested that ice formation on the ground could be a plausible mechanism for their observed pattern, but could not rule out alternative explanations such as flooding during spring thaw or differential avian predation, and could not link mortality to any specific period of the winter. Korslund and Steen (2006) also showed that increased connectivity under the snow increased the survival probability of root voles in the absence of predation. Here, we study how differential ice formation on the ground may impact survival, social behaviour and space use of root voles more specifically. During one mild winter weather spell in southeast Norway, we observed contrasting ice formation on the ground in six experimental populations of root voles. We took advantage of these contrasts to examine the potential demographic effects of ice formation in a quasi-experimental manner. We collected detailed demographic data throughout the winter to reach a far greater mechanistic understanding of individual responses than in previous studies. We predicted that root voles could respond to ice accumulation by decreasing home range size without experiencing any changes in home range overlap with other individuals. Alternatively, voles could move their home range without changing the size, in which case overlap between neighbouring home ranges should increase. These responses in space use and social behaviour could be followed by changes in winter survival. If ice formation itself affects survival, we expect winter survival to depend on the amount of ice accumulation. If snow melt or ice on the ground in winter increase exposure to free water or predators, we expect to find an overall negative effect of ice presence on survival.



Methods Study site and general procedures We monitored six populations of root voles established in enclosures during summer from October 2004 to April 2005 at Evenstad Research Station, Southeast Norway
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(250 m a.s.l., 61°250 N, 11°040 E, Fig. 1). Each main population had access to a habitat patch (46 9 27 m) of meadow vegetation situated in each of six available enclosures (50 9 50 m). The habitat patch was situated two meters from each of three enclosure edges and confined on the fourth side by a semipermeable chicken-wire fence situated 1 m from the habitat patch. This chickenwire fence only allowed individuals smaller than ca. 30 g to access smaller available patches on the other side of the fence (set up for a parallel summer experiment, see Fig. 1). However, when snow accumulated next to the fence, animals had the opportunity to move out of the main habitat area by climbing. We trapped the neighbouring areas during the regular trapping sessions throughout the winter to keep track of how many animals escaped the patch. Most individuals chose to stay in the source population, while a total of 24 of 221 animals moved to the small habitat patches between November and April (unpublished trapping data). In each habitat patch, 42 Ugglan live traps (Grahnab, Marieholm, Sweden) were distributed in seven rows (7.5 m apart) with six traps (5 m apart) in each row. Every second trap was equipped with tube-shaped single coil antennae for PIT-tag (passive integrated transponder) monitoring that were attached to TrovanÒ LID665 OEM PIT-tag decoders (EID Aalten BV, Aalten, Holland) during monitoring. Each custom-made antenna consisted of a



50 m



plastic tube (20 9 4 cm) and the antennae were placed on the ground along the runways to maximize recording rates (Korslund and Steen 2006). Each time a tagged vole passed through an antenna, the data logger recorded PIT-tag ID, date and time. Founder animals used in the study originated from a laboratory population, so all individuals present in the population during the winter were either lab-bred F0 individuals, or first- or second-generation field-born individuals. At the release of individuals in May 2004, three populations were initiated at high density (approximately 80 individuals per ha) and three at low density (approximately 40 individuals per ha). Populations were allowed to develop freely during the summer, and by the middle of October we obtained a new distribution of three ‘‘highdensity’’ (approximately 135 individuals per ha) and three ‘‘low-density’’ (approximately 70 individuals per ha) populations (see Table 1). We tracked populations by live trapping every third week from 14 October to 18 April, and by PIT-tag monitoring in two periods. Each PIT-tag monitoring period lasted for three consecutive days and was conducted in three populations at the same time. Monitoring occurred on 10–16 December 2004 and 11–18 January 2005 (hereafter referred to as PIT-tag sessions 1 and 2, respectively). All individuals and newborn individuals caught during trapping sessions were equipped with PIT tags (TrovanÓ). At the last trapping session in April, we removed all of the animals were still alive. Winter climatic data were obtained from nearby meteorological stations [see Appendix S1 in the ‘‘Electronic supplementary material’’ (ESM) for more details]. We also obtained data on snow depth and snow melt from the snow map data set produced by The Norwegian Meteorological Institute (MET) and The Norwegian Water Resources and Energy Directorate (NVE). At the end of December 2004, temperatures started to rise and caused ice formation in the Table 1 Summary of the enclosure system and experiment Enclosure number



50 m



Fig. 1 Schematic description of the experimental system. At one end of each enclosure (50 9 50 m) a large habitat patch of tall grass (46 9 27 m) was separated from small habitat patches by a semipermeable chicken-wire fence (dashed line) that only allowed individuals weighing less than ca. 30 g to move. The black marks show the distribution of live traps. Habitat patches are represented by hatched areas



Density



Age structure



Winter recruits



Ice cover (% of available area)



1



60



0.83



30



43



2



80



0.38



20



17



3



70



0.43



26



47



4



140



0.36



49



49



5



110



0.45



45



18



6



160



0.44



35



14



Information on the density (individuals per ha) and age structure (proportion of adult individuals) in enclosures at the start of the study period, the total number of winter recruits in each enclosure, and the amount of ice cover on the ground in each enclosure is provided. At the start of the study, enclosure 3 had a low density and enclosure 5 had a relatively high density. From the third trapping session, enclosure 3 had a high density and enclosure 5 had a low density
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habitat patches, clearly separating enclosures into two groups characterized by a high (around 45%, three replicates) or a low (around 15%, three replicates) amount of ice cover (see Table 1 and next section for calculation of ice cover). There was also a difference in the distribution of ice between the two groups, with ice being patchier in the low ice cover enclosures. These differences in ice cover were due to small differences in topography between enclosures. We were able to record the effect of ice formation on the spatial organization of the populations, as PIT-tag session 1 occurred before the ice started to accumulate, and session 2 occurred after. Space use and ice cover estimations We calculated home range sizes and the ice cover in the enclosures by kernel estimation using the Animal Movement 2.0 extension for Arc View 3.3 (Hooge and Eichenlaub 2000). For the home range estimates, we used enclosure-specific smoothing parameters found by including all point locations in each enclosure in both PIT-tag sessions, and calculated them by least squared cross-validation (LSCV; mean number of observations per individual per plot is 20.37) in order to restrict the amount of overestimation of home ranges due to small sample sizes (Seaman and Powell 1996; Seaman et al. 1999). We also subtracted any home range area that fell outside the habitat patch to ensure that individual home range estimates did not extend outside enclosure fences. To estimate the extent of ice cover in each enclosure, we photographed each square defined by four trap stations in every enclosure (at an angle approximately 1.5 m above the ground) at the start of the last PIT-tag monitoring (i.e., as ice accumulation reached its maximum). From the photographs, we divided the area into approximately 1 9 1 m squares and recorded whether the square was covered in ice or not. The area covered with ice was then estimated by kernel estimation in Arc View. To apply similar smoothing parameters to all estimates of ice cover in order to allow comparisons between enclosures, and to restrict overestimation as much as possible, we calculated a common smoothing parameter by LSCV on the jointed data on ice cover from all enclosures. We estimated the proportion of each home range in PITtag session 2 (post ice period) that overlapped with the icecovered area; hereafter named ‘‘observed overlap with icecovered area’’. We also mapped the ice-covered area on the pre-ice home ranges from session 1 to estimate how much of that home range would have been covered in ice if the home range had not shifted; hereafter named ‘‘potential overlap with ice-covered area’’. The measurement of the potential overlap with ice cover was important to control for individual variation in risk exposure to ice, due to
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differences in home range location prior to ice formation for example. We compared the observed and potential overlap with ice-covered area estimates to test the assumption that home ranges changed in a manner that reduced contact with ice. Overlap between home ranges was calculated as the mean proportion of the home range of each individual that overlapped with all other individuals in the population in both PIT-tag sessions, and was expressed as the proportion of the total home range of each individual. Movement of home ranges from PIT-tag session 1 to session 2 was estimated as the geometric mean distance between the centres of individual home ranges in the respective PIT-tag sessions. This is a crude measurement; however, it more accurately described the movement direction than any other possibilities we had available (such as the mean distance between core areas between sessions). Statistical analyses In all analyses of space use, we only used data on individuals surviving from PIT-tag sessions 1–2. Home range size (50%), total overlap with neighbouring home ranges, and overlap with the ice-covered area was analysed using mixed effects models (Pinheiro and Bates 2000) chosen by a forward selection procedure in R (R Core Development Team 2005). In the analyses of home range size and overlap with ice cover, we built models to test effects of PIT-tag session, density, a factor describing the amount of ice cover (high and low), sex, age class (adult and juvenile), and recruitment rate (estimated as the number of new individuals in the populations divided by the total density). Home range size was included as an additional fixed effect in analyses of overlap with ice cover. Based on an initial evaluation of the data (Pinheiro and Bates 2000), we assigned enclosure identity as a random effect on density without an effect on intercept. In the analyses of home range overlap, we tested the effects of the same factors with a random effect of enclosure identity on both density and the intercept. Since there was no difference in home range overlap between enclosures with high and low amounts of ice cover before ice formation, we pooled the fixed factors PIT-tag session and amount of ice cover into a single factor with three levels (PIT-tag session 1 with no ice, PIT-tag session 2 with high ice, and PIT-tag session 2 with low ice) to ease visualization of the results. Home range data were log-transformed, while overlap data were arcsine-transformed during analyses to ensure that standard assumptions of normality and homogeneity were met. Data on log-transformed movement distances were further analyzed using linear models since no random variation among enclosures was found. In this case, variables included as possible explanatory factors were sex, age class, density,
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a factor describing the amount of ice cover (high and low), 50% home range size, the proportion of the home range covered with ice, and the area available to each individual. We analyzed effects of ice formation on immediate recruitment rates (proportion of new individuals in the population between PIT-tag sessions) by generalized linear regression with binomial errors and a logit link. We checked for differences between PIT-tag sessions and between enclosures with high and low ice cover. We also analyzed effects of ice formation on short-term survival (n = 58), long-term survival (n = 81) and temporal variation in survival (n = 220). First, short-term survival due to ice was measured to find out how ice accumulation itself affected the immediate survival probability of voles. This was considered the survival from PIT-tag session 1 (just prior to ice formation) to session 2 (just after ice formation), analysed using a GLM procedure with binomial error terms in R. We tested the effects of the potential overlap with ice-covered area, sex, age, density and enclosure. Second, long-term survival was analysed by estimating the overall survival from November to April of those individuals known to be alive in November. This analysis was done to determine how the amount of ice affected overwinter survival and to compare our survival estimates with those of Aars and Ims (2002). In addition to the enclosure level of ice, we controlled for the effects of age and body mass. Both analyses assumed that all voles were equally trappable during the winter, which was confirmed since we had very high capture probabilities (personal observation) using PIT tags (short-term survival) and when we removed all individuals in April by live trapping (long-term survival). Third, we analyzed temporal variation in winter survival from October 2004 to April 2005 using standard open population Cormack–Jolly–Seber (CJS) models in Program Mark 5.0 based on live trapping data (White and Burnham 1999). The CJS model was run on pooled data from all enclosures to help determine potential causes of mortality. This analysis included all individuals entering and leaving the populations throughout the study, and the CJS model allowed independent estimation of apparent survival (U) and recapture probabilities (P). Since the study area was open, a change in apparent survival includes both permanent dispersal events and death events. Model selection was based on a small sample correction of Akaike’s information criterion (Burnham and Anderson 2002). We performed a goodness-of-fit test on the global model Us*a*t Ps*a*t, where both apparent survival and recapture probability depended on sex (s), age class (a, adult or juvenile, where juveniles are defined as individuals weighing less than 25 g that are not reproductively active), and time (t). using the RELEASE program in MARK (Burnham et al. 1987). The goodness-of-fit tests suggested some
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overdispersion in the model (tests 2 and 3 combined, v2 = 44.47, df = 33, P = 0.086) due to different effects of marking on future survival between groups (i.e., violation of test 3: v2 = 38.53, df = 27, P = 0.070). This was an effect of juvenile females that were already marked as being slightly less likely to be seen again on later occasions compared to newly marked juvenile females. The violation was not strong and we decided to apply a cˆ correction of 2.46 on the AICc values (QAICc; Burnham and Anderson 2002) to accommodate this violation. The model selection procedure for survival was relatively robust against variation in cˆ such that the best model of survival remained the same with or without correction. We used QAICc to select the best possible models following the methodology of Lebreton et al. (1992); see Table S2 in the ESM for a list of candidate models. In a first step, we searched for the most suitable model of recapture rates according to gender, age and time. This minimum adequate model based on QAICc was then used to search for the best model describing survival rates according to gender, age, and time, plus the additional effects of density and amount of ice cover in each enclosure. Next, we used this best model of survival to test the additional effects of climate variables (mean temperature, variation in mean temperatures, presence of ice, snow depth, and amount of melted snow) to see if any of these climate parameters could explain the observed temporal variation in survival.



Results Space use The observed proportion of the 50% home range that was inside the ice-covered area in each enclosure after ice formation was significantly smaller than the potential overlap with the ice-covered area (F1,78 = 19.967, P \ 0.001; see Table 2 for values of space use parameters). Additionally, the observed overlap with ice-covered area increased with density (F1,78 = 6.528, P = 0.013) and home range size (F1,78 = 6.123, P = 0.016). According to the best model, 50% kernel estimates of home range size only depended on density, with a negative relationship between home range size and density (1 ? log(3.757 0.026[density]); F1,80 = 8.008, P = 0.006), and thus did not change between PIT-tag sessions. Geometric movements of individual home range centres between PIT-tag sessions 1 and 2 were lower in enclosures with low amounts of ice cover than in enclosures with high amounts of ice cover (log(2.114 - 0.522[low ice]); F1,29 = 5.935, P = 0.021). Total overlap differed according to session and amount of ice cover in session 2 (F2,78 = 18.198, P \ 0.001), and decreased nonsignificantly
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Table 2 Observed mean ± SE of home range estimates (m2, 50% kernel estimates), proportion of the home range that is located within the distribution of ice cover (proportion cover of 50% home range), and total overlap (given as proportions of 50% home range) in sessions 10 and 12



1



0.8



Home range 50%



33.5 ± 2.7



High ice



Low ice



34.0 ± 3.0



26.1 ± 3.4



Proportion ice cover 0.33 ± 0.04a



0.14 ± 0.06b 0.14 ± 0.04b



0.09 ± 0.02a



0.37 ± 0.06b 0.08 ± 0.02a



Total overlap



9.5 ± 1.3a



Geometric movement Recruitment rate



0.44 ± 0.04a



6.0 ± 1.1b



0.6



0.4



0.55 ± 0.12a 0.44 ± 0.10a



The observed mean ± SE movement distance (in metres) of home ranges from sessions 10 to 12 are given for populations with high and low ice cover. Recruitment rate is given for enclosures with high and low ice cover both before and after ice accumulation due to inherent differences in recruitment rate between these plots Significant differences between values according to modelling are indicated by different superscript letters, where a differs from b



with increasing recruitment (F1,78 = 0.568, P = 0.454). Overlap between home ranges was lowest in session 1 and in the low ice enclosures in session 2, and highest in the high ice enclosures in session 2 (0.01 9 sin(0.029 ? 0.029[high ice session 2] - 0.003[low ice session 2] - 0.005[recruitment]); see Fig. 2). Recruitment and survival Recruitment rate did not differ between PIT-tag sessions, or between enclosures with differences in ice cover (estimated proportion of recruits in each population: 0.36 [CI: 0.28, 0.45], effect of session: v2 = 0.197, df = 1, n = 11, P = 0.657; effect of ice: v2 = 0.064, df = 1, P = 0.800). Most individuals were recruited to the populations before February; only 15 of the 205 individuals were recruited between February and April. Short-term survival probability between PIT-tag sessions did not depend on sex, age class, density, and proportion of home range covered with ice (v2 = 0.984, df = 1, n = 58, P = 0.321) or enclosure. Short-term survival probability was estimated to be 0.63 ± 0.269 SE (i.e., monthly survival probability for this period is approximately 0.84). When analysing the longterm winter survival probability of individuals from the start of November until April, the best model showed that overwinter survival only depended on sex (v2 = 9.662, df = 1, n = 81, P = 0.002), but was not dependent on body mass, age class, or amount of ice cover (effect of ice v2 = 0.256, df = 1, n = 81, P = 0.613). Females survived 12 times better than males (female 0.24 ± 0.03 SE, male 0.02 ± 0.004 SE).
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Proportion overlap



PIT-tag session 1 PIT-tag session 2



0.2



0



Before ice



Low ice



High ice



Fig. 2 Model estimates (black circles) and observed values (grey diamonds) of the mean proportion of individual home ranges that overlap with any neighbour’s home range before the ice appeared and in enclosures with low and high ice cover after ice appeared



The patterns found in the analyses of temporal variation in winter survival also provided no evidence that ice cover on the ground influenced survival (see Table S2 in the ESM for an overview of the competing models). The best model of the probability of recapture showed that adults had higher recapture rate than juveniles (adults 0.96 ± 0.03 SE, juveniles 0.81 ± 0.05 SE), while there was no difference between sexes. The best model of apparent survival rate before constraining models according to climatic variables included age, time and density. The best overall model replaced time with mean temperature and presence of ice cover irrespective of amount of ice, and also included an interaction between age and presence of ice cover (Table 3). The best model did not include any effect of the amount of ice, although the difference in QAICc between the best model and a model including amount of ice was small (DQAICc = 1.4, see Table S2 in ESM). However, the model estimates remain the same with or without the inclusion of an effect of the amount of ice, and the effect of the amount of ice was not different from 0 (b = 0.84 ± 1.07 SE, CI: [-1.27, 2.94]). According to this best overall model, adults survived better than juveniles before December 8 (see Fig. 3), and after this date adults and juveniles had equal apparent survival probabilities. Apparent survival of adults increased slightly from October to the middle of December, and was marginally reduced from the time of ice accumulation to the middle of February. Juvenile apparent survival increased steeply from the start of the study until the start of January.
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Table 3 Effects of age, presence of ice, mean temperature and population density on three-weekly winter survival probabilities Factors



Estimate



Intercept



Standard error



95% CI



0.67



0.78



-0.86 to 2.19



Age



-3.49



0.72



-4.91 to -2.07



Presence of ice



-1.02



0.74



-2.47 to 0.44



Mean temperature



-0.27 to -0.07



-0.17



0.05



Density



0.13



0.05



0.03 to 0.22



Age 9 ice



2.62



0.86



0.95 to 4.30



Parameter estimates with standard error and 95% confidence intervals were obtained from the best mark–recapture model linking factors with winter survival (see Table S2 in the ESM for the list of models and model deviances). Estimates are given on the logit scale 1.0 0.9



Survival probability



0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0



1



2



3



4



5



6



7



8



9



10



Trapping session



Fig. 3 Estimates of apparent survival probabilities of root voles between trapping sessions from mid-October 2004 to mid-April 2005 from the best model obtained from the program MARK. Adult survival is represented by solid line, and juvenile survival by dashed line. The dates of the trapping sessions are: 1, October 14; 2, November 1; 3, November 23; 4, December 8; 5, January 4; 6, January 26; 7, February 14; 8, March 7; 9, April 1; 10, April 18



Then juveniles followed a similar reduction in apparent survival during ice accumulation as adults, before it dropped from the start of spring (Fig. 3).



Discussion In this study, we took advantage of contrasted ice formation on the ground across population replicates to examine the potential relationship between ice cover and demography in a quasi-experimental setting. Our comparison involved two levels of ice formation during the very same winter and similar populations with respect to vegetation and demographic characteristics. Hence, any demographic difference between these two treatments can be more strongly attributed to amount of ice formation than if we had conducted a correlative study involving several winters differing in many other variables (e.g., snow depth). Our



study also gives detailed information on space use and survival throughout the winter, and therefore a greater mechanistic understanding of how voles responded to ice formation during the winter than in previous studies. According to our results, ice accumulation during mild winters had limited impact on winter survival of voles, although their social and spatial behaviours changed according to the accumulation of ice. As predicted, home range overlap of root voles and the geometric movement of home range centres were affected by the amount of ice accumulated in enclosures. The mild weather episode during the midwinter was associated with slightly reduced survival irrespective of the amount of ice cover, but the most critical period for vole survival in our enclosures was the spring time, associated with snow melting and onset of reproduction. The overlap between individual home ranges in the high ice cover enclosures was almost five times as high as in the low ice cover enclosures (Fig. 2), but home range overlap of individuals was equal in the enclosures before ice appeared and in low ice cover enclosures after ice appeared. This change in overlap could not be explained by changes in home range size, as the 50% kernel estimates did not change between observation sessions. Instead, geometric movement of home range centres from sessions 1 to 2 was higher in enclosures with high ice cover. These results imply that voles responded to the appearance of ice by moving their home ranges away from the ice-covered areas without reducing home range size. It then follows that individuals are forced together in smaller areas and overlap with each other more in enclosures where ice cover is high. The difference in behaviour between high and low ice cover plots shows the plasticity that root voles exhibit in their social behaviour during the winter season, as reported in other small rodent species during the summer season (Madison 1990; Ostfeld and Klosterman 1990). In general, this plasticity of the social system may enable root voles to respond to deteriorating winter conditions by changing their space use, providing ice-free space is available (Hoset et al. 2008). However, if most of the habitat areas are covered with ice, voles cannot avoid ice accumulation, and effects of ice formation on survival rate would be elicited (see Merritt and Merritt 1978; Boonstra and Rodd 1983). Contrary to the marked changes in space use caused by the melting of snow and ice formation on the ground, our survival analyses suggest no apparent effects of ice formation on winter survival. The survival probability from before to immediately after ice formation did not change with the amount of ice accumulated. Similarly, the amount of ice accumulated did not affect overall winter survival. On the other hand, the three-weekly survival estimates for the winter suggest that the mild-climate period during the
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midwinter had a weak delayed effect on winter survival, since survival was marginally lower shortly after the time of ice accumulation (Fig. 3). The slight delayed effect of the mild weather conditions could result from differences in thermoregulation costs, food availability, melting of the snow cover, or exposure to avian predators rather than ice formation on the ground. Effects of food depletion and energetic costs of thermoregulation would probably accumulate over time rather than affect survival immediately. Avian predation would also be independent of the amount of ice cover, which fits our results. Why did we not find any effects of ice accumulation on winter survival? One possibility is that ice accumulation does not directly affect winter survival. Instead, ice accumulation may have indirect effects on survival during spring by either amplifying the effects of snow melting and flooding, or by reducing cover that protect against predators. Previous evidence for an effect of ice accumulation on the survival of voles in mild winters comes from correlative data where there is no possibility of linking mortality to any particular mechanism (Aars and Ims 2002). Another possibility, since we only have data from one mild winter, is that the voles were in a particularly good condition this year, which may have increased their ability to cope with harsh environmental conditions such as extensive ice formation on the ground. During the winter, we had 17 days with a mean temperature of above 0°C and a mean winter temperature of -5.6°C, and the mean winter survival probability across sex was 0.12 [0.05, 0.19]. Comparable winters in Aars and Ims’ (2002) study (years 1994 and 1997 in their Fig. 3) showed a survival probability of ca. 0.02 [0.01, 0.05]. This suggests, together with the relatively high recruitment rate for the winter season, that our overwintering populations experienced good conditions (see discussion on winter conditions below) compared to those in Aars and Ims’ (2002) study. Alternatively, the absence of detectable demographic effects of ice accumulation could be attributed to the potentially smaller range of variation and sample size than in previous comparative studies involving several study years. None of the experimental enclosures exhibited more ice cover than 50% of the habitat area, and more extensive ice cover may have caused substantial mortality in these enclosures. However, we lack the data on ice cover in natural habitats inhabited by small mammals in Fennoscandia required to judge the relevant range of variation in ice cover for these species. The lowest survival probabilities occurred during spring thaw, indicating that the main mechanism causing low survival in mild winters operates during this time period. High spring mortality has repeatedly been reported in vole species under a range of environmental conditions (Krebs 1966; Krebs and Boonstra 1978; Boonstra and Rodd 1983; Taitt and Krebs 1983). A number of hypotheses have been
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proposed to explain this pattern. Food limitation can be important if there is scramble competition for food resources in winter. The food resources will then be depleted by the end of the winter, which causes mortality to increase (Klemola et al. 2000; Huitu et al. 2003). It is also possible that voles are more accessible for generalist predators, as the sheltering snow cover disappears during spring thaw (Hansson and Henttonen 1985; Korpima¨ki 1986; Ho¨rnfeldt 2004). Furthermore, in many vole species, individuals start to disperse in spring after becoming sexually mature in order to find new available habitats with less competition (Lambin and Krebs 1991; Crespin et al. 2002), and males in particular may experience increased mortality due to higher levels of aggressive contact between reproductively active individuals (Krebs and Boonstra 1978; Boonstra and Rodd 1983; Taitt and Krebs 1983). In our populations, spring survival was low despite the fact that individuals were enclosed and had few dispersal opportunities. Thus, breeding dispersal cannot explain the spring reduction in survival in this study. As our vole populations experienced good winter conditions (see further discussion of this below), we suggest two possible explanations for the observed reduction in spring survival. Firstly, voles could experience higher mortality because avian predators gained access to the voles as the snow melted and disappeared in spring (Ho¨rnfeldt 2004). Because of the simultaneous onset of reproduction, the voles also moved more and would therefore be more vulnerable to avian predation (Koivunen et al. 1996). Secondly, the survival probability of voles could have decreased due to an increase in aggressive encounters between individuals at the onset of reproduction, as indicated in many North American vole populations (Krebs and Boonstra 1978; Boonstra and Rodd 1983; Taitt and Krebs 1983; Lambin and Krebs 1991). Quite surprisingly, survival was also positively related to density. Higher densities may also affect survival positively by increasing the number of runways kept free from snow and ice. This would then increase food availability, which is important for winter survival (Korslund and Steen 2006). It is also possible that aggregation into groups at higher densities increased survival through better thermoregulation (West and Dublin 1984). Thermoregulation in small rodents does indeed demand high energy output during winter (Jackson et al. 2001), and root voles have high thermoregulatory and living costs and must therefore reduce individual energy expenditure to resist the cold (Wang and Wang 1996 and references therein). Aggregation of root voles into family units are common at high density during the summer (e.g., Andreassen and Ims 1998), but the aggregation observed in this winter study still requires further investigation (Hoset et al. 2008). It has been suggested that winter aggregations are possible



Popul Ecol (2009) 51:279–288



because reproduction ceases and individuals become more tolerant towards each other (West and Dublin 1984). However, we observed reproduction in our study, and it has repeatedly been reported that root voles breed in winter when circumstances allow them to (Tast and Kaikusalo 1976; Tast 1984). Still, we found that root voles remain highly sociable in winter (Hoset et al. 2008 and this study). It is possible that the higher local population density caused by the coverage of large parts of the enclosures with ice and spells of low ambient temperatures in the absence of an insulating snow pack was more important in shaping the intraspecific space use in root voles. The high winter survival rates and the occurrence of winter reproduction in our study, as judged by the recruitment of new individuals throughout the winter (Table 2), suggest that the voles were in good physical condition. The animals may therefore have been able to withstand the unexpected ice accumulation well. Good physical condition in winter suggests favourable food availability, as voles survive better during winter when food availability is high (Huitu et al. 2003), and voles are known to adjust their body mass to environmental conditions (Ergon et al. 2001; Ergon et al. 2004). Good winter conditions may also explain why we did not find an effect of body mass on survival, as reported from this site by Aars and Ims (2002). A possible alternative explanation for the good body condition could be that traps were baited during trapping, thus providing food throughout the winter. However, we used low-quality crushed oats as bait, and oats alone are not known to initiate winter breeding (Batzli 1983; Prevot-Julliard et al. 1999). We conclude that the combination of no effect of ice accumulation on survival during ice accumulation, no effect of the amount of ice accumulated on the overall winter survival, and a constantly high survival rate throughout the winter despite the ice accumulation event suggests that ice formation on the ground does not explain low winter survival in mild winters. On the contrary, the mechanisms causing higher mortality in mild winters might operate in the transition from winter to spring. Therefore, accumulation of ice caused by mild winter weather cannot cause the reduction in vole winter survival that is thought to be the main reason for the decline in the amplitude of vole population cycles in Fennoscandia (e.g., Henttonen 2000; Strann et al. 2002; Ho¨rnfeldt 2004; Bierman et al. 2006). Even though survival was not affected by ice formation, voles showed behavioural changes consistent with a response to the changed environment. We suggest that the plastic social system of root voles minimises the effect of environmental changes due to (for example) ice accumulation in winter, and that individuals were in good physical condition and were able to cope with adverse climatic conditions. Even though our study shows that
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winter climatic changes itself may not necessarily affect the winter survival of small rodents, we need to collect similar data to that described above over several winters in order to determine how important body condition is relative to behavioural plasticity in shaping winter survival patterns. Acknowledgments This study was supported financially by the Department of Biology, University of Oslo, Norway. We are grateful for the assistance from F. Dufour, D. Mersch and B. Decenciere during field work at Evenstad Research Station. Harald Steen and Erkki Korpima¨ki kindly commented on earlier versions of the manuscript, and we also thank Xavier Lambin and two anonymous reviewers for valuable comments that helped to improve this manuscript. This project was funded by a grant from the Sixth Framework Programme of the European Commission (Marie Curie Intra-European Fellowship FP6-501658) to J.-F.L.G.



References Aars J, Ims RA (2002) Intrinsic and climatic determinants of population demography: the winter dynamics of tundra voles. Ecology 83:3449–3456 Andreassen HP, Ims RA (1998) The effects of experimental habitat destruction and patch isolation on space use and fitness parameters in female root vole Microtus oeconomus. J Anim Ecol 67:941–952. doi:10.1046/j.1365-2656.1998.6760941.x Batzli GO (1983) Responses of arctic rodent populations to nutritional factors. Oikos 40:396–406. doi:10.2307/3544312 Bierman SM, Fairbairn JP, Petty SJ, Elston DA, Tidhar D, Lambin X (2006) Changes over time in the spatiotemporal dynamics of cyclic populations of field voles (Microtus agrestis L.). Am Nat 167:583–590. doi:10.1086/501076 Boonstra R, Rodd FH (1983) Regulation of breeding density in Microtus pennsylvanicus. J Anim Ecol 52:757–780. doi:10.2307/4452 Burnham KP, Anderson DR (2002) Model selection and interference: a practical information-theoretic approach, 2nd edn. Springer, New York Burnham KP, Anderson DR, White GC, Brownie C, Pollock KH (1987) Design and analysis methods for fish survival experiments based on release-recapture. Am Fish Soc Monogr 5:1–437 Crespin L, Verhagen R, Stenseth NC, Yoccoz NG, Prevot-Julliard AC, Lebreton J-D (2002) Survival in fluctuating bank vole populations: seasonal and yearly variations. Oikos 98:467–479. doi:10.1034/j.1600-0706.2002.980311.x Ergon T, Lambin X, Stenseth NC (2001) Life-history traits of voles in a fluctuating population respond to the immediate environment. Nature 411:1043–1045. doi:10.1038/35082553 Ergon T, Speakman JR, Scantlebury M, Cavanagh R, Lambin X (2004) Optimal body size and energy expenditure during winter: Why are voles smaller in declining populations? Am Nat 163:442–457. doi:10.1086/381940 Hansson L (1984) Winter reproduction of small mammals in relation to food conditions and population dynamics. In: Merritt JF (ed) Winter ecology of small mammals. Carnegie Museum of Natural History, Pittsburgh, pp 225–234 Hansson L (1999) Intraspecific variation in dynamics: small rodents between food and predation in changing landscapes. Oikos 86:159–169. doi:10.2307/3546581 Hansson L, Henttonen H (1985) Gradients in density variations of small rodents: the importance of latitude and snow cover. Oecologia 67:394–402. doi:10.1007/BF00384946



123



288 Henttonen H (2000) Long-term dynamics of the bank vole Clethrionomys glareolus at Pallasja¨rvi, northern Finnish Taiga. Pol J Ecol 48(Suppl):87–96 Hooge PN, Eichenlaub B (2000) Animal movement extension to Arcview, 2.0 edn. Biological Science Office, Alaska Science Center, US Geological Survey, Anchorage Ho¨rnfeldt B (2004) Long-term decline in numbers of cyclic voles in boreal Sweden: analysis and presentation of hypotheses. Oikos 107:376–392. doi:10.1111/j.0030-1299.2004.13348.x Hoset KS, Le Galliard J-F, Gundersen G, Steen H (2008) Home range size and overlap in female root voles: effects of season and density. Behav Ecol 19:139–145. doi:10.1093/beheco/arm112 Huitu O, Koivula M, Korpimaki E, Klemola T, Norrdahl K (2003) Winter food supply limits growth of northern vole populations in the absence of predation. Ecology 84:2108–2118. doi:10.1890/02-0040 Ims RA (1997) Determinants of geographic variation in growth and reproductive traits in the root vole. Ecology 78:461–470 Iverson SL, Turner BN (1974) Winter weight dynamics in Microtus pennsylvanicus. Ecology 55:1030–1041. doi:10.2307/1940353 Jackson DM, Trayhurn P, Speakman JR (2001) Associations between energetics and over-winter survival in the short-tailed field vole Microtus agrestis. J Anim Ecol 70:633–640. doi:10.1046/ j.1365-2656.2001.00518.x Klemola T, Koivula M, Korpimaki E, Norrdahl K (2000) Experimental tests of predation and food hypotheses for population cycles of voles. Proc R Soc Lond B Biol Sci 267:351–356. doi: 10.1098/rspb.2000.1008 Koivunen V, Korpima¨ki E, Hakkarainen H, Norrdahl K (1996) Prey choice of Tengmalm’s owls (Aegolius funereus funereus): preference for substandard individuals? Can J Zool 74:816– 823. doi:10.1139/z96-094 Korpima¨ki E (1986) Seasonal changes in the food of the Tengmalm’s owl Aegolius funereus in western Finland. Ann Zool Fenn 23:339–344 Korslund L, Steen H (2006) Small rodent winter survival: snow conditions limit access to food resources. J Anim Ecol 75:156– 166. doi:10.1111/j.1365-2656.2005.01031.x Krebs CJ (1966) Demographic changes in fluctuating populations of Microtus californicus. Ecol Monogr 36:239–273. doi:10.2307/ 1942418 Krebs CJ, Boonstra R (1978) Demography of the spring decline in populations of the vole, Microtus townsendii. J Anim Ecol 47:1007–1015. doi:10.2307/3684 Lambin X, Krebs CJ (1991) Spatial organization and mating system of Microtus townsendii. Behav Ecol Sociobiol 28:353–363. doi: 10.1007/BF00164385 Lebreton JD, Burnham KP, Clobert J, Anderson DR (1992) Modeling survival and testing biological hypotheses using marked animals: a unified approach with case-studies. Ecol Monogr 62:67–118. doi:10.2307/2937171 Madison DM (1984) Group nesting and its ecological and evolutionary significance in overwintering microtine rodents. In: Merritt JF (ed) Winter ecology of small mammals. Carnegie Museum of Natural History, Pittsburgh, pp 267–274 Madison DM (1990) Social organizational modes in models of microtine cycling. In: Tamarin RH, Ostfeld RS, Pugh SR, Bujalska G (eds) Social systems and population cycles in voles. Birkha¨user, Basel, pp 25–34 Marchand PJ (1996) Life in the cold, 3rd edn. University Press of New England, Hanover



123



Popul Ecol (2009) 51:279–288 Merritt JF, Merritt JM (1978) Population ecology and energy relationships of Clethrionomys gapperi in a Colorado subalpine forest. J Mammal 59:576–598. doi:10.2307/1380235 Norrdahl K, Korpima¨ki E (2002) Changes in population structure and reproduction during a 3-yr population cycle of voles. Oikos 96:331–345. doi:10.1034/j.1600-0706.2002.960215.x Ostfeld RS, Klosterman LL (1990) Microtine social systems, adaptation, and the comparative method. In: Tamarin RH, Ostfeld RS, Pugh SR, Bujalska G (eds) Social systems and population cycles in voles. Birkha¨user, Basel, pp 35–44 Pinheiro JC, Bates DM (2000) Mixed-effects models in S and S-plus. Springer, New York Prevot-Julliard AC, Henttonen H, Yoccoz NG, Stenseth NC (1999) Delayed maturation in female bank voles: optimal decision or social constraint? J Anim Ecol 68:684–697 R Core Development Team (2005) R: a language and environment for statistical computing. R Foundation for Statistical Computing, Vienna Seaman DE, Powell RA (1996) An evaluation of the accuracy of kernel density estimators for home range analysis. Ecology 77:2075–2085. doi:10.2307/2265701 Seaman DE, Millspaugh JJ, Kernohan BJ, Brundige GC, Raedeke KJ, Gitzen RA (1999) Effects of sample size on kernel home range estimates. J Wildl Manage 63:739–747. doi:10.2307/ 3802664 Steen H, Ims RA, Sonerud GA (1996) Spatial and temporal patterns of small-rodent population dynamics at a regional scale. Ecology 77:2365–2372. doi:10.2307/2265738 Strann KB, Yoccoz NG, Ims RA (2002) Is the heart of Fennoscandian rodent cycle still beating? A 14-year study of small mammals and Tengmalm’s owls in northern Norway. Ecography 25:81–87. doi:10.1034/j.1600-0587.2002.250109.x Taitt MJ, Krebs CJ (1983) Predation, cover, and food manipulations during a spring decline of Microtus townsendii. J Anim Ecol 52:837–848. doi:10.2307/4458 Tast J (1984) Winter success of root voles, Microtus oeconomus relation to population density, food conditions at Kilpisja¨rvi, Finnish Lapland. In: Merritt JF (ed) Winter ecology in small mammals. Carnegie Museum of Natural History, Pittsburgh, pp 59–66 Tast J, Kaikusalo A (1976) Winter breeding of the root vole, Microtus oeconomus, in 1972/1973 at Kilpisja¨rvi, Finnish Lapland. Ann Zool Fenn 13:174–178 Tkadlec E, Zejda J (1998) Density-dependent life histories in female bank voles from fluctuating populations. J Anim Ecol 67:863– 873. doi:10.1046/j.1365-2656.1998.6760863.x Wang DH, Wang ZW (1996) Seasonal variations in thermogenesis and energy requirements of plateau pikas Ochotona curzoniae and root voles Microtus oeconnomus. Acta Theriol (Warsz) 41:225–236 West SD, Dublin HT (1984) Behavioral strategies of small mammals under winter conditions: solitary or social? In: Merritt JF (ed) Winter ecology in small mammals. Carnegie Museum of Natural History, Pittsburgh, pp 293–299 White GC, Burnham KP (1999) Program MARK: survival estimation from populations of marked animals. Bird Stud 46(Suppl): 120–139 Yoccoz NG, Mesnager S (1998) Are alpine bank voles larger and more sexually dimorphic because adults survive better? Oikos 82:85–98. doi:10.2307/3546919



























des documents recommandant







[image: alt]





Introduction to Programming with Fortran - Springer Link 

Printed on acid-free paper. ISBN-13: ... The people on the Fortran 90 list and comp.lang.fortran. Access ... If you would like to contact us our email addresses are:.










 


[image: alt]





Introduction to Programming with Fortran - Springer Link 

The material in the book has evolved firstly from our combined experience of working in Computing Services within the University of London at. â€¢. King's College ...










 


[image: alt]





A Bayesian Super-Resolution Approach to ... - Springer Link 

scribed in [22, 23]. We now proceed to estimate the whole color image from the incomplete set of observations provided by the single-. CCD camera.










 


[image: alt]





A multisensory approach to spatial updating: the case ... - Springer Link 

Jun 21, 2009 - LPPA, CNRS, CollÃ¨ge de France, Paris, France e-mail: ..... (2004) introduced a phosphorescent cue card providing a landmark external to the ...










 


[image: alt]





A Bayesian Super-Resolution Approach to ... - Springer Link 

3 Department of Electrical Engineering and Computer Science, Robert R. McCormick School of Engineering and Applied Science,. Northwestern University ... within the general framework of frequency-domain multi- channel signal processing .... tuting thi










 


[image: alt]





A multisensory approach to spatial updating: the case ... - Springer Link 

Jun 21, 2009 - ous studies showed that the cognitive cost of mental rota- .... ing the test object layout and recording the participant answers. ..... 66. Exp Brain Res (2009) 197:59â€“68. 123 assessment of the modality contributions, we could ...










 


[image: alt]





Responses of mono- and bi-articular muscles to load ... - Springer Link 

of the human arm. F. Lacquaniti* and J.F. Soechting. Laboratory of Neurophysiology, Department of Physiology, University of Minnesota, 6-255 Millard Hall, 435 ...










 


[image: alt]





Lecture Notes in Physics - Springer Link 

D. Sornette, Zurich, Switzerland. S. Theisen, Potsdam .... of Wightman's axioms in its various forms and they also can be linked to the theory of vertex algebras.










 


[image: alt]





Programming the Emergence in Morphogenetically ... - Springer Link 

May 30, 2015 - Programming the Emergence in Morphogenetically. Architected Complex Systems. Franck Varenne1,2. â€¢ Pierre Chaigneau3. â€¢. Jean Petitot4.










 


[image: alt]





Lecture Notes in Physics - Springer Link 

212. 11 Mathematical Aspects of the Verlinde Formula . . . . . . . . . . . . . . . . . . . . 213. 11.1 The Moduli Space of Representations and Theta Functions . . . . . . . . 213.










 


[image: alt]





A grain-boundary phase in ZnO-based varistors - Springer Link 

Abstract. The electrical conductivity of Bi3Zn2Sb3O14 pyrochlore was studied as a function of temperature and partial pressure of oxygen. Conductivity ...










 


[image: alt]





Coral Farming - Springer Link 

There have been significant technical advances in marine aquarium maintenance in the last 20 years. It is now possible to maintain, grow and reproduce in ...










 


[image: alt]





Male-biased gastrointestinal parasitism in a nearly ... - Springer Link 

This is an Open Access article distributed under the terms of the. Creative Commons ... during October-December 2012 and 2013 coinciding with the rut period.










 


[image: alt]





Feedforward stabilization in a bimanual unloading task - Springer Link 

Exp Brain Res (1992) 89:172-180 .... of an electric motor attached to the bottom of table). ... recorded the electrical activity of the flexor carpi radialis and exten-.










 


[image: alt]





EMG responses to load perturbations of the upper limb - Springer Link 

Summary. Load perturbations were applied to the arm of human subjects under conditions where both limb segments (upper arm and forearm) were free to.










 


[image: alt]





Download - Springer Link 

Leg muscles were dissected out and weighed in- .... A vertebrate striated muscle fiber can contract to short lengths ..... close to the prediction of the simple theory.










 


[image: alt]





Oligochaeta, Eudrilidae - Springer Link 

age 17 days after deposition and produced two juveniles on average. Paired individuals fed soil amended with 2% coffee residues grew significantly (P










 


[image: alt]





Fluctuations of macrobenthic populations: a link ... - Springer Link 

Abstract The Rhone river is the most important input to the Mediterranean Sea, responsible for 50% of the pri- mary productivity of the Gulf of Lions. A highly vari-.










 


[image: alt]





stimulation methods - Springer Link 

2UniversitÃ© d'Auvergne, Image-Guided Clinical Neuroscience and Connectomics ... Keywords Deep brain stimulation 4 Parkinson's disease 4 Essential tremor 4 ...










 


[image: alt]





Coastal Engineering - Springer Link 

The competent coastal engineer must develop a basic understanding of the characteristics and physical behavior of the coastal environment, as well as be.










 


[image: alt]





Download PDF - Springer Link 

Jul 30, 2014 - motors and/or absolute encoders on both axes. ...... finer control and monitoring of what happens at the system clock level. In any case, people interested .... narrow band filters rather than through integrated (visible) light. ......










 


[image: alt]





Wind-Generated Waves - Springer Link 

ated wave conditions that will be used as the limit for engineering design. 6.1 Waves at Sea. The record of a water surface time history measured at a point in a ...










 


[image: alt]





Coastal Zone Processes - Springer Link 

design of engineering works in the coastal zone. We are primarily interested in noncohesive granular sediments. Physical properties of these sediments include:.










 


[image: alt]





Scleropages formosus (Osteoglossidae) - Springer Link 

3Department of Biochemistry, National University of Singapore, Singapore Kent. Ridge, Singapore 119260. Since 1975, CITES has listed the dragon fish, ...










 














×
Report Demographic responses to a mild winter in enclosed ... - Springer Link





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



