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Abstract 

 

The seasonal survival pattern of a garden dormouse Eliomys quercinus population was studied in a 

Mediterranean agricultural field area from East Spain, a geographical location in which this species 

does exhibit no hibernation. Individuals were captured from nest‐boxes checked monthly during a 

four year period. Data were analysed using an open population Cormack–Jolly–Seber model 

including sex, age class and season as factors. Best models included the effect of age and differences 

in survival between adult males and females. Survival rate was more variable between seasons in 

males than in females or juveniles. Maximum adult male survival was reached in autumn, decreased 

in winter and dropped to very low values in spring and summer. Survival of adult females was higher 

and presented a less marked seasonal pattern. Seasonal survival of juveniles was fairly constant along 

the year. Recapture probability also varied seasonally and was twice in winter than in the rest of the 

year. The local annual survival rate obtained in adult females exceeded the survival rate observed in 

some garden dormouse populations from Italy, but it was considerably lower in comparison to the 

values obtained in South Spain and France. The possible energetic consequences of the constant 

sexual activity exhibited by this garden dormouse population and the effect of other factors such as 

the availability of food and social interactions between individuals seem to influence in the seasonal 

variations in survival rate for this rodent species in this agricultural habitat. 
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Introduction 

 

Understanding the factors involved in animal population dynamics is a basic issue in 

conservation biology (Beissinger and Westphal 1998; Lebreton et al. 1992). All animal species are 

characterized by a trade-off between the energetic cost of reproduction and their consequent 

possibilities to survive (Huber et al. 1999; Koivula et al. 2003). In addition, many species must also 

cope with other external factors as the variation of environmental conditions and the seasonal 

limitation of available resources (Lebl et al. 2011; Lindström1999). Among mammals, different 

strategies have been observed referring how species can confront these constraints. For instance, big 

sized and long living species are able to cope with difficult seasons investing a higher effort in 

survival whereas reproduction events are restricted only to favourable periods (Healy et al. 2014; 

Lindstedt and Boyce 1985). Nevertheless, seasonal changes in local conditions can represent an 

important challenge for some groups of short living species as small mammals (Merritt et al. 2001).  

A particular example of small mammal group adapted to a wide range of environmental 

conditions can be found in dormice species (Bertolino et al. 2016; Lebl et al. 2011). This rodent 

family is characterized by some particular traits such as the possibility to hibernate during 

unfavourable periods and the ability to skip reproduction when resources are scarce (Bieber 1998; 

Pilastro et al. 2003; Turbill et al. 2011). All these characteristics have been suggested as main factors 

explaining the high survival rates and the relative long lifespan observed in some populations of fat 

dormouse Glis glis and hazel dormouse Muscardinus avellanarius in north and central Europe (Bieber 

et al. 2012; Juškaitis 2014; Lebl et al. 2011). On contrary, information related to other dormice species 

and habitats is still scarce in literature, especially those from Mediterranean areas where inactivity 

period can be shorter or even absent (Gil-Delgado et al. 2006; Moreno 1984).  

The garden dormouse Eliomys quercinus is a medium-sized small mammal that occupies 

many different European habitats (Bertolino et al. 2008; Moreno 2002; Storch 1978). Across its 

distributional range, the life-history tactics of this rodent vary considerably. Thus, whereas short 

periods of activity and a single litter per year have been documented in northern habitats; 

Mediterranean populations showed a complete lack of inactivity and reproduction events occur 

throughout the year (Bertolino and Currado 2001; Gil-Delgado et al. 2006). In this study, we analyse 

the seasonal survival rate of the garden dormouse in a Mediterranean agricultural field recently 

colonized where the species do not enter winter hibernation.  

 

 

Material and methods 

 

Study area 

The study was conducted in a citrus tree plantation of 16.92 ha, located in Sagunto (Valencia), 

Spain (39° 42′ N, 0° 15′ W, 30 m a.s.l.) near the Mediterranean coast. The complete area is 
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covered by orange (Citrus sinensis) and mandarin (Citrus reticulata) trees. The climate is 

Mediterranean with mild winters and temperatures that do not normally drop below 5° C and hot 

summers of up to 40º C (Ninyerola et al. 2005). Further information about the study is available (Gil 

-Delgado et al. 2005).  

 

Methods 

 

Around 40-60 nest-boxes (14 × 14 × 20 cm; 30 mm entrance hole diameter) were distributed 

randomly through the study area. The number of nest-boxes varied in some months for theft. Nest-

boxes were checked at least once per month between January 2009 and January 2013, with the aim 

to reduce disturbance to dormice and other species that occupied them. All individuals found into the 

nest‐boxes were picked up with the use of a pair of steel scissor tongs protected with rubber covers 

on the edges that ensured that animals could be immobilized and transferred to cylindric plastic 

containers with perforated lids for the shortest time possible. During the handling procedure, no 

animal showed significant levels of visual stress or signs of pain. Later, animals were weighted by an 

electronic scale to the nearest centigram. All dormice heavier than 10 g were provided with a 

numbered ear tag (National Band and Tag Co. model 1005‐1, Newport, Kentucky, USA) and aged 

according to their weight and fur colour in three different categories: adults (more than 60 g), 

juveniles (between 45 and 60 g) and pups (less than 45g) (Abad 1987; Moreno 1988; Palacios 1974). 

Sex and reproductive status of adults and juveniles were determined according to their external sexual 

characteristics. Both first captured and recaptured animals were immediately released into the same 

nest-box after handling.  

 

 

Statistical analysis 

 

 Cormack–Jolly–Seber (CJS) model, an open population capture–recapture model that 

provides separated estimates of the apparent local survival (φ) and the recapture (p) probabilities, was 

used (Cooch and White 2006). Each monthly revision of nest-boxes was considered a capture 

occasion (45 in total, after excluding 5 occasions with no captures). Variations in revision dates 

between months were taken into account by considering inequal time intervals between capture 

occasions. We started with models that considered the effect on survival of the factors age (adults and 

juveniles), sex (males and females) and season (t), defined as: winter (December, January and 

February); spring (March, April and May); summer (June, July and August) and autumn (September, 

October and November). Seasonal variation in monthly survival was modelled forcing the survival 

in the three consecutive months within a season to be the same and constant between years. The age 

effect was modelled by including a different juvenile survival parameter for the intervals between 

capture occasions until 87 days after marking. After that time juvenile survival is considered the same 

than adults. This specific age interval of 87 days was selected based on the observations of the 

minimum number of days in which an individual marked as a pup was recaptured again showing all 

the characteristics of an adult; and contrasted by previous references on the time needed for a 

dormouse to reach sexual maturity (Santini 1983).  

 Seasonal apparent survival was calculated by raising the monthly apparent survival to the third 

power, considering that the monthly apparent survival was constant within a season. Annual apparent 

survival was calculated by multiplying the four seasonal survivals included in a year. All models were 

performed in the software Mark (White and Burnham 1999) considering different combinations of 

three main factors: sex (s), season (t) and age (a). A set of candidate models was designed considering 
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the different combinations of factors potentially affecting survival while recapture probability was 

only modelled as variable between seasons or constant (see Table 1). Goodness of fit (GOF) tests was 

performed with the most general model considered using the program RELEASE (Burnham et al. 

1987). The parametric bootstrap implemented in program mark was also used for testing the goodness 

of fit and variance inflation factor (c) was calculated according to Cooch and White (2006). Akaike’s 

information criterion corrected for small sample sizes (AICc), as implemented in Mark program, was 

used to order the different models generated according to their plausibility (Burnham and Anderson 

2002). We used Akaike weights (w), to obtain estimates of apparent survival and recapture probability 

through model averaging using the subset of models whose weight was >0.1. Differences in the 

number of annual marked and recaptured individuals and between sexes and years were tested using 

contingency tables. All other statistical analysis were performed using the SPSS statistical package, 

v.17.0 (SPSS Inc. Chicago, IL, USA). 

Results 

 

Capture-Recapture data 

In total, 279 dormice were captured and marked during the study period: 78 adults, 29 

juveniles and 172 pups. From the total number of individuals marked, 80 (28.67 %) were recaptured 

during 124 different instances: 53 dormice were recaptured once, 17 individuals were recaptured 

twice, 5 were recaptured three times, 3 were recaptured four times, and 2 individuals were recaptured 

five times. Based on the age classes, 30 out of 172 pups marked (17.4%) were recaptured in 

consecutive sessions. 9 out of 29 juveniles (31.03%) marked were recaptured whereas 41 out of 78 

adults (52.56%) were trapped again (Table 2). There were no significant differences in the number of 

animals captured and recaptured per year during the whole period (χ2
(3) = 1.86, p = 0.6011). Regarding 

the number of adult individuals trapped per year, no variation in the number of males and females 

was observed per year during the whole study period (χ2
(3)= 4.594, p = 0.204). Maximum observed 

lifespan was 334 days for a female and 250 days for a male, both of them found as new born pups in 

the study area. 

 

Model evaluation 

The GOF tests of the most general model (φ (s*a*t), p (t)) provided by the program RELEASE 

were far from significance (TEST 2, χ2
(17)= 1.64; TEST 3, χ2

(22)= 2.58, both p>0.9), thus there were 

no significant departures from assumptions of CJS model. The bootstrap goodness of fit test of the 

general model was also not significant (p= 0.430, 100 runs in the bootstrap) and the variance inflation 

factor was close to 1 (ĉ = 0.973) showing that there was no overdispersion. In a first step we fitted 

two versions of the most general model for survival, with capture probability constant or variable 

along seasons, and the second one presented lower AICc value (Table 3) thus in subsequent models 

capture probability was considered to vary among seasons. Among these models, the lowest AICc 

value was obtained for the model with survival of adult males variable seasonally and the survival of 

adult females and juveniles constant (φ (♂ad (t) ♀ad (.), juv(.)); p(t)). However, a model considering 

the additive effect of sex and season on adult survival while survival of juveniles was constant (φ 

(ad(s+t), juv(.)); p(t)) was almost as good as the first model (ΔAICc = 0.87; Table 2). In the third best 

model survival variation was additive for juveniles and adult males and females.  

Best models always included an effect of sex on adult survival. Model averaging estimates 

from the three best models showed that female survival was higher than that of male survival during 

most of the year. Seasonal variation of survival was higher marked for males than for females or 
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juveniles (Fig. 1). Seasonal survival of males, calculated from monthly survival, was relatively low 

in winter (0.32), decreasing dramatically in spring (0.11) and summer (0.14) and increasing again in 

autumn (0.99). Females showed a similar trend with values higher than males (winter: 0.66, spring: 

0.55; summer: 0.54) but showing a lower apparent survival in autumn (0.77). Regarding juveniles, 

survival (both sexes pooled) in winter (0.16) and autumn (0.20) was lower compared to the values 

observed in adults, while values were similar to adult males in spring (0.14) and summer (0.13). Male 

annual survival, calculated from seasonal values, is much lower (0.005) than the annual survival rate 

of adult females (0.15).  

The probability of recapture of individuals in the nest-boxes showed also a significant seasonal 

variation (Fig.2). Recapture probability was higher in winter (0.63, SE = 0.08), and lower in the rest 

of the year with similar values in spring (0.36, SE = 0.08). summer (0.24, SE = 0.07) and autumn 

(0.33, SE = 0.07). 

 

 

Discussion 

 

 Our research represents one of the few garden dormouse population studies conducted by 

checking nest-boxes, in comparison to other studies in which individuals were captured by using live 

traps (Amori et al. 2015; Schaub and Vaterlaus-Schlegel 2001). Despite the methodological 

difference, we captured a high number of animals belonging to all age classes and sexes, evidencing 

that the use of nest-boxes represents an appropriate method to capture garden dormice, as it has been 

extensively applied to other dormouse species (Juškaitis 2006; Madikiza et al. 2010; Viñals et al. 

2012). Furthermore, this technique allowed us to include the sample of some individuals that do not 

enter easily in traps as altricial pups, juveniles and lactating females (Drickamer et al. 1999; Lewellen 

and Vessey 1999; Truszkowski 1974). In effect, due to its advantages, we expected also that nest-

boxes could provide a safer environment for dormice increasing in consequence the number of 

recaptures in a simplified habitat as orange groves (Czeszczewik et al. 2008). But contrary to our 

expectations, the number of recaptures obtained in our study was low, and only a few individuals 

were recaptured more than once. Curiously, this particular pattern also agreed with reports from other 

habitats where it was suggested that garden dormice were not recaptured more frequently because 

these rodents could avoid entering in live traps based on their previous experience (Amori et al. 2015, 

Vaterlaus-Schlegel 1997). In our case, we cannot exclude that other causes as our handling protocol, 

could have a negative impact on the permanence of dormice in the nest-boxes, forcing perhaps some 

individuals to move to an alternative canopy tree or burrow nest, reducing in consequence the number 

of recaptures (Bertolino and Cordero di Montezemolo 2007; Shibata et al. 2004). For instance, we 

observed that after a litter was found and handled, the female occasionally relocated all the pups to a 

different nest-box nearby. A similar anti-predatory strategy regarding the use of different nesting 

places has also been reported in the edible dormouse Glis glis as consequence of the handling 

procedure or the presence of natural predators (Kukalová et al. 2013; Pilastro 1992).  

The annual survival rate estimated in garden dormice in orange groves was low, in 

concordance with other authors that describe this rodent as a short-living species (Amori et al. 2015; 

Schaub and Veterlaus-Schlegel 2001). We found that male adults in orange groves showed a monthly 

survival rate comparable to the lowest values estimated in North and Central Italy, for which sex 

differences, however, were not considered (Amori et al. 2015). Survival of females in our study area, 

despite being higher than male’s during most of the year, was lower in comparison to other 

populations in South Spain (Amori et al. 2015) and Central Europe (Veterlaus-Schlegel 2001). 
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Differences in survival between populations are not linked to the presence of hibernation. Amori et 

al. (2015) found higher annual survival (0.38) in a population in Southern Spain, where hibernation 

did not occur than in two populations on mountain areas in Italy where snow cover is present for 

several months in winter, and whose annual survival was similar to our estimates. In addition, annual 

survival estimated in a Central European population where dormice hibernate between November 

and March was very similar (0.38) to the one reported in South Spain (Schaub and Veterlaus-Schlegel 

2001). For many hibernators such as dormice species, an increase in the period of activity represents 

a higher energetic cost, due to the extended reproduction effort, and survival costs due to a higher 

exposure to predators and other intraspecific interactions (Lebl et al. 2011; Turbill et al. 2011; Schaub 

and Vaterlaus-Schlegel 2001). However, despite that the avoidance of hibernation might have 

demographic implications in our population, these comparisons suggest that other factors could be 

more important to determine variation in annual survival among populations. 

Our best models found a clear effect of sex, age and season on survival. In our study female 

survival was higher than male survival in all seasons except autumn. In previous studies, Amori et al. 

(2015) seem to have not analysed the effect of sex on survival, while Schaub and Veterlaus-Schlegel 

(2001) found an additive sex effect in their second best plausible model considering bimonthly 

survival variation. According to this model female survival rate was up to 15% higher than male 

survival rate. In our population, out of autumn, female monthly survival was 25-70% higher than 

male survival, a difference even larger if transformed to bimonthly survivals, which could have 

facilitated the detection of the effect of sex despite the lower sample size in our study. Schaub and 

Veterlaus-Schlegel (2001) expected lower survival for garden dormouse males since they do not assist 

in offspring rearing, but try to mate again and take more risks than females. Our results agree with 

this prediction but raise the question of why between sex difference is larger in our population than 

in theirs in Central Europe. Extended reproductive season could be a potential explanation but as we 

showed before there is not a clear relation with the lack of hibernation. Studies conducted with other 

dormouse species such as hazel dormouse and fat dormouse found variability in the effect of sex in 

survival. Some authors found that dormouse males survived more than females during the breeding 

season as a response to the cost of lactation (Berg and Berg 1990; Juškaitis 2013) while other studies 

found no significant differences between sexes (Lebl et al. 2011, Mortelliti et al.  2014 ).  

Seasonal variation of survival was also found in Central Europe by Schaub and Veterlaus-

Schlegel (2001), that estimated survival close to 1 in their winter (November to February) and 

bimonthly survival rate out of winter varying between years between 0.72 and 0.96. These last 

estimates are quite larger than equivalent bimonthly survival for males in our study area out of autumn 

(0.22-0.47 calculated as the square of monthly estimates) and somewhat larger than same parameters 

for females (0.66-0.75). Therefore, difference in annual survival between our study population and 

that of Schaub and Veterlaus-Schlegel (2001) is not explained by the lack of hibernation, since 

survival during spring and summer is lower in Sagunto, especially for males. A possible explanation 

for the low survival in spring could be the high cost derived from the long periods of reproduction in 

autumn and winter (Baudoin 1980, Mann 1976; Fietz et al. 2004). In the case of summer, the high 

temperatures and the scarcity of food typical of this season could suppose the main reason of mortality 

in Mediterranean habitats as it has been found in other rodent species (Moreno and Kufner 1988, 

Sunyer et al. 2016). For instance, Santoro (2017) reported a decrease in the abundances of wood 

mouse Apodemus sylvaticus and Algerian mouse Mus spretus in South Spain for this season. Similar 

results were also evidenced by Saiz-Elipe (2012) in a community of small mammals in a mountainous 

area of East Spain. However, we cannot rule out the possibility that in summer dormice moved to 

other better insulated nests available such as arboreal natural nests or cavities, reducing their 

detectability. A similar strategy has been suggested for this and other dormouse species (Moreno 

2012; Madikiza et al. 2010; Panchetti et al. 2004, Shibata et al. 2004).  
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  Like in other populations that present hibernation, in our study area there is also one season with 

very high monthly survival (>0.9), that is Autumn. A possible explanation for this result is that in this 

season there is a high availability of oranges, a main food in the diet of garden dormouse in this area, 

could provide enough resources to reduce the mortality in the population (Gil-Delgado et al. 2010). 

Seasonal variation of survival was more marked in males, and we found that in winter male survival 

was reduced by a third in comparison to autumn’s value. The lower survival of male during winter 

might have resulted from a higher mobility when searching for the few females in oestrus available 

(Greenwood 1980; Waterman et al. 2007). But also due to the aggressive territorial behaviour showed 

by the breeding females raising their litters (Baudoin 1980, Bertolino et al. 2001).  

In the case of juveniles, our results showed a constant and low survival rate throughout the 

year. It is generally assumed that both the smaller body size as well as the lack of experience can 

represent two decisive factors increasing mortality in small mammals (Koivunen et al. 1996; 

Promislow and Harvey 1990). However, it is likely that the low juvenile apparent survival could also 

be reflecting the effect of dispersion (Dobson 1982; Goundie and Vessey 1986). Previous information 

studying the space use in garden dormouse described the social structure of this rodent as a 

composition of sedentary groups of adults that occupy relatively small home-ranges of few hectares 

and juveniles that are forced to disperse to other patches (Badouin1980; Bertolino et al. 2003; 

Vaterlaus 1998). In addition, our study site is inserted in a continuous and homogeneous farmland 

where resources are available throughout the year and where no important barriers limit dispersion. 

Secondly, the number of juveniles captured was relatively low compared to the number of litters and 

also considering that reproductive events occurred through the year (Viñals et al. 2012). Finally, we 

have evidences of two individuals marked previously as pups and found dead in a different orchard 

about 1500 m away from our study area; evidencing that juvenile dormouse may disperse relatively 

long distances. Juvenile dispersion is not completely comprehended in garden dormouse but it has 

been observed how juvenile of other dormice species can cover longer areas depending on the 

availability of resources and the necessity of finding new territories (Cornils et al. 2017; Juškaitis 

1997).  

Dormice have expanded recently in the orange groves of Eastern Spain as a result of a recent 

colonization event (Gil-Delgado et al. 2006). Previous studies from our same area evidenced a 

significant high reproductive capacity for the species based on the constant occurrence of births 

throughout the year the high litter size (5.4 pups/litters) and the communal nesting strategy between 

females (Viñals et al. 2012, 2017). We think that this reproductive success can be a key factor 

explaining this fast expansion. Although it is still needed more information on the causes that 

determine variation of survival in this population it is known that abundance, recruitment and survival 

of some rodent species can be reduced in agricultural habitats such as orchards due to the constant 

management and transformations (Sullivan et al. 2004). It is fundamental to have a better knowledge 

of the spatial ecology of this species to understand the dynamics of this population and to predict the 

risk of local extinction, something that has been already detected in other populations (Bertolino 

2017; Moreno et al. 2016). Special attention will need to be paid also to assess the negative effects of 

climate change expected in areas of South Europe (Bindi and Olesen 2011), which has been 

highlighted as a potential threat of extinction to garden dormouse and other some small mammals 

species occurring in the edge of their distributional range (Maiorano et al. 2011; Santoro et a. 2017). 

Considering that the garden dormouse is a currently showing a significant decline in many parts of 

Europe (Bertolino 2017), this information is needed in order to develop a conservation strategy. 
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Table 1 Set of models considered for survival of garden dormouse and their biological significance with respect to survival 

variation. Factors considered are age (a), sex (s) and season (t). No sex or age effect was considered for recapture 

probability (p) that was modelled as variable seasonally (p(t)) or constant (p(.)). Sex effect in juvenile survival was only 

included in the first model (φ (s*a*t); p (t)), thus in the remaining models no difference in male and female juvenile 

survival was considered. 

 

Model Survival variation 

φ (s*a*t); p (t) 
Different seasonal variation in each combination 

of age and sex 

φ (ad(s*t), juv(t); p(t) 
Different seasonal variation in adult males and 

females and juveniles  

φ (s+a+t); p(t) 
Additive seasonal variation in adult males and 

females and juveniles  

φ (ad(s*t), juv(.)); p(t) 
Different seasonal variation in adult males and 

females, constant juvenile survival  

φ (ad(s+t), juv(.)); p (t) 
Additive seasonal variation in adult males and 

females, constant in juveniles  

φ (♂ad (t) ♀ad (.), juv(.)); p(t) 
Seasonal variation of survival of adult males, 

constant for adult females and juveniles  

φ (♂ ad(.), ♀ad(t), juv(.)); p(t) 
Seasonal variation of survival of adult females, 

constant for adult males and juveniles 

φ (ad(s), juv(t)); p(t) 
Constant survival in adult males and females, 

seasonal variation in juveniles  

φ (t); p(t) Seasonal variation with no effect of sex or age 

φ (ad(t), juv(.)); p(t) 
Seasonal variation in adults and constant survival 

in juveniles 

φ (ad(s), juv(.)); p(t) 
Constant survival in adult males and females and 

juveniles 
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Table 2 Compact version of the matrix of capture–recapture data for garden dormouse in orange groves used in the survival 

analysis. Individuals are classified by age and sex and data are summarized by pooling seasons for all study years. Seasons 

of the following year are marked with +1. No individual was captured one year or later after release, thus additional 

columns of seasons would contain zeros as the last spring. a) Adult males; b) Adult females; c) Juveniles of both sexes. 

For every season all the data from the months included in this season have been summed. Seasons definition is as follows: 

winter (December, January and February); spring (March, April and May); summer (June, July and August); and autumn 

(September, October and November). Notation is as follows: Ri is the number of marked individuals released in occasions 

i included in a release season; ri is the total number of individuals recaptured to those released at each season; the cell ij 

contains the number of individuals released at each season and recaptured for the first time at j. Given that each season 

includes several capture and release occasions there are recaptures within the same release season. 

 

  

a) Adult males 

 

b) Adult females 

 

c) Juveniles (both sexes) 

 

Seasonal event j 

Release  

season Ri Winter  Spring  Summer  Autumn  Winter+1  Spring+1  ri 

Winter  30 7 6 0 0 0 0 6 

Spring  30  4 0 0 1 0 5 

Summer  9   0 6 0 0 6 

Autumn  24       6 10 0 16 

Seasonal event j 

Release  

season Ri Winter  Spring  Summer  Autumn  Winter+1  Spring+1  ri 

Winter  19 7 5 0 0 0 0 5 

Spring  22  6 8 1 0 0 15 

Summer  13   2 3 1 0 6 

Autumn  8       0 7 0 7 

Seasonal event j 

Release  

season Ri Winter  Spring  Summer  Autumn  Winter+1  Spring +1 ri 

Winter  9 2 0 0 0 0 0 0 

Spring  12  2 1 0 0 0 3 

Summer  8   0 0 0 0 0 

Autumn  7       1 3 0 4 
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Table 3 Model selection for garden dormice in orange groves. (AICc: value of the Akaike’s information 

criterion corrected for small sample size; ΔAICc: difference between AICc of each model and the best model 

AICc, K: number of estimated parameters; AICc w: Akaike weight). First two alternative models for 

probability of recapture (p) were checked and several models for survival were tested using the best model for 

p. 

 

 

  

Model AICc Delta AICc K Deviance AICc w 

Probability of recapture (p)      

φ (s*a*t); p (t) 441.21 9.40 19 342.70 0.005 

φ (s*a*t); p (.) 444.98 13.17 16 353.86 0.001 

      

Apparent survival (φ)      

φ (♂ad (t) ♀ad (.), juv(.)); p(t) 431.81 0.00 10 354.71 0.497 

φ (ad(s+t), juv(.)); p (t) 432.68 0.87 10 355.58 0.322 

φ (s+a+t); p(t) 434.48 2.67 10 357.38 0.131 

φ (ad(s*t), juv(.)); p(t) 436.85 5.03 13 352.86 0.040 

φ (ad(s*t), juv(t); p(t) 441.84 10.03 16 350.72 0.003 

φ (ad(t), juv(.)); p(t) 444.82 13.01 9 369.96 0.001 

φ (ad(s), juv(.)); p(t) 447.01 15.20 7 376.55 0.000 

φ (t); p(t) 447.72 15.90 8 375.06 0.000 

φ (♂ ad(.), ♀(t), juv(.)); p(t) 451.80 19.99 10 374.70 0.000 

φ (ad(s), juv(t)); p(t) 452.19 20.38 10 375.08 0.000 
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Fig. 1 Monthly apparent survival for the Eliomys quercinus population occurring in Spanish orange groves (± 95% 

Confidence Interval), calculated through model averaging using the three best models of Table 2. Empty circles (○) 

correspond to adult females, black triangles (▲) correspond to adult males and black crosses (X) correspond to juveniles. 

The models assume that this value is equal for all the months within a season. Seasons definition is as follows: winter 

(December, January and February); spring (March, April and May); summer (June, July and August); and autumn 

(September, October and November). 
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Fig. 2 Recapture probability rate (± 95% Confidence Interval) of Eliomys quercinus in orange groves per season, calculated 

through model averaging using the three best models of Table 2. Seasons definition is as follows: winter (December, 

January and February); spring (March, April and May); summer (June, July and August); and autumn (September, October 

and November). 
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