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“False heat,” big testes, and the onset of natal dispersal

in European pine Martens (Martes martes)

Jeremy Larroque, Sandrine Ruette,
Jean-Michel Vandel, Sébastien Devillard

Abstract Natal dispersal plays a central role in population

biology, ecology, and evolution. Therefore, describing dis-

persal patterns including dispersal rate, onset, duration, and

distance and investigating its main ecological and phenotype

correlates are of prime importance. Dispersal data are scarce

in rare and elusive carnivores such as mustelids and notably

in European pine Marten Martes martes. Natal dispersal is

mostly thought to occur in late winter either as a conse-

quence of offspring eviction by adult females experiencing a

“false heat” period related to the delayed implantation of

embryos or as a consequence of physiological changes in

offspring related to sexual maturation. Nineteen juvenile and

subadult pine martens were monitored by telemetry during

their first year of life to describe the dispersal pattern, in

particular, to investigate the onset of natal dispersal. Only 13

out of the 19 pine martens monitored gave reliable informa-

tion, and seven out of them (53.85 %) dispersed. No sex

bias either in dispersal rate, distance, or duration was evi-

denced. As expected, all dispersers whatever their sex left

their natal area in a relatively narrow period of 1 month in

late winter (February 17th–March 17th). This period did not

match with any body mass variation but was clearly

synchronous with an increase in testis mass. Our results

confirmed that this late winter period is very intense in terms

of social interactions and physiological changes in the

European pine marten. Last, they also pointed out that

human-induced mortality of dispersers in late winter could

be high so that late winter might be a focus period for

management actions.

Keywords Martes martes . European pinemarten . Natal

dispersal . Dispersal onset . Telemetry

Introduction

Natal dispersal, defined as the movement made by an

individual from its birthplace to the place of first repro-

duction (Howard 1960), is a widespread behavioral pro-

cess. Its crucial role in population biology, ecology, and

evolution is now widely recognized albeit natal dispersal

remains poorly understood. Considerable knowledge has

been gained since evolutionary ecologists have started to

sequence natal dispersal behavior in three successive behavioral

stages (Travis et al. 2012): emigration (also called onset, timing

of dispersal), transience (also called transfer), and immigration

(also called settlement). There is now considerable evidence

that the decision to leave or to stay, to make a short or large

movement, and to settle or not in a given place are not influ-

enced by the same ultimate and proximate factors. Both inter-

nal, sensu phenotype-dependent, and environmental, sensu

condition-dependent, factors trigger dispersal and interact in

complex ways (Clobert et al. 2001). It is thus becoming of

prime importance to investigate each stage apart from the others

to better understand the dispersal processes in wild populations

as much as its consequences on individual fitness (Bonte et al.

2012) and on population dynamics and genetics. The basic

dispersal pattern of mammalian solitary carnivores, i.e., sex
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and age variations in dispersal rate and distance, has received as

much attention as in other taxonomic groups, but the detailed

process of natal dispersal within the three behavioral stages

framework mentioned above is poorly known, especially in

mustelids (Arthur et al. 1993). The European pine marten

(Martes martes) is one of the species for which almost nothing

is known about natal dispersal. Although it is usually thought

that most of the young individuals disperse either in early fall or

in early spring (Helldin and Lindström 1995 and references

therein), few studies, to our knowledge, have reported natal

dispersal movements (e.g., Helldin and Lindström 1995;

Zalewski 2012) and have given any basic characteristics of

the dispersal pattern. Helldin and Lindström (1995) suggested

likely associations between condition-dependent or phenotype-

dependent factors and the onset of natal dispersal in pine

martens. Indeed they reviewed evidences that a “false heat,”

i.e., an increase in social activity and agonistic intrasexual

interactions, occurred in February and March. One hypothesis

to explain this phenomenon might be related to the yearly

reproductive cycle of adult females. Indeed, this February–

March period corresponds to the restart of gestation, following

a delayed implantation of blastocysts. As a result, adult females

could evict their young, forcing them to disperse during this

period. They also discussed the possibility that this false heat

resulted mostly from the beginning of the dispersal period

simultaneous to a physiological change of young individuals,

namely an increase of sex hormone concentrations. In both

hypotheses, young martens should predominantly disperse in

February–March. Studies in mammals have shown that the

onset of natal dispersal is often correlated with both morpho-

logical and physiological changes (e.g., threshold body mass

hypothesis, in roe deer Capreolus capreolus, Wahlström 1994;

“ontogenic switch hypothesis,” in Belding’s ground squirrels

Spermophilus beldingi, Nunes and Holekamp 1996; but see

Elliot et al. 2014), making individuals either likely competitors

for adults or able to bear dispersal costs. Here, we investigated

the onset of natal dispersal in first-year pine martens using

telemetry monitoring and specifically assessed whether the

natal dispersal onset occurred in late winter (mid-February to

March) as suggested by Helldin and Lindström (1995). Using

data from dead recoveries of first-year pine martens of both

sexes, we also evaluated the association between the onset of

dispersal and the phenologies of body mass and testes mass

over the first year of life.

Material and methods

From a larger telemetry dataset (n=44 individuals of all ages),

we selected only those that were captured as juveniles or

subadults between July and February 15th of the year after

their birth year (i.e., between 4 and 11.5 months old assuming

a common birth date of April 1st). Hence, two juvenile ([4–6]

months old, both males) and 17 subadult ([6–11.5] months

old, eight males, nine females) pine martens were retained to

investigate the timing of dispersal. Individuals were trapped in

box cages in the region of Bresse (study area=911 km2,

eastern France 5° 13′ E, 46° 27′ N) over four winters

(electronic supplementary material Table S1), where hunt-

ing and trapping is legally allowed. Animals were anesthe-

tized by intramuscular injection of Domitor® (10 mg kg−1,

medetomidine, Pfizer Animal Health, New York, USA) and

revived with Antisédan® (atipamezol, Pfizer Animal

Health, New York, USA) to ensure a quick reversal of

sedation. We marked each individual with a transponder

(Allflex®, Vitré, France) and radio-collared them before

release at their site of capture. Collars were TXH-2 from

Televilt® (Stockholm, Sweden) or TW-5 with a biothane

collar from Biotrack Ltd® (Wareham, Dorset, UK) and

weighed about 32 g. Age was estimated from a set of

morphological variables (body mass, tooth wear, body

length, tail length, neck circumference, posterior foot

length, and baculum length for males, Ruette et al. unpub-

lished data) and confirmed by the number of annual growth

lines visible in the tooth cementum using a standardized

cementum aging model for each species (Matson’s Laboratory,

Milltown, MT, USA, Matson and Matson 1993) when martens

were later recovered dead (11 out of the 19, electronic supple-

mentary material Table S1).

The pine martens were located at least twice a week when

they were resting during the day, with a precision higher than

100 m. For this sample (n=19), the mean duration of moni-

toring was 122±99 days (8–379 days, electronic supplemen-

tary material Table S1) and the mean number of locations

was 39.6±30.56 (6–120 locations). Based on their succes-

sive locations, we assessed whether each individual dis-

persed or not, assuming that the capture location was close

to the birth site. Each individual was classified into

philopatric (“stationary” or “explorer”) or disperser (“shifter”

or “one-way”) following the initial classification of McShea

and Madison (1992), adapted to pine martens (electronic

supplementary material).

We applied the k-means clusteringmethod (Forgy 1965) on

individual locations of the dispersers only (both shifter and

one-way individuals) to identify two successive spatial clus-

ters over the monitoring, namely, the areas used for resting

before and after the natal dispersal (electronic supplementary

material Fig. S1). We then defined the departure date, i.e., the

timing of dispersal, as the date of the last location in the first

locations’ cluster and the settlement date as the date of the first

location in the second cluster. We finally estimated the

natal dispersal distance by computing the Euclidean dis-

tance between the centroids of the two spatial clusters.

Dispersal duration, i.e., the length of the transience phase,

was computed as the difference (in days) between the

settlement date and the departure date.

2



During the study period, 59 male and 32 female pine

martens aged less than 18 months were collected dead on

the study area from trappers and hunters. Age in days was

then estimated by the difference between the recovery date

and April 1st. The dead animals were weighed and aged as

above. For males, the testes were extracted from the corpse

and weighed (n=36 out of the 59). This allowed us to assess

the age variation of both testes mass and body mass in both

sexes during the first year of life.

Results

Captures mostly occurred from early December to late

January (16 out of 19, electronic supplementary material

Table S1) which precluded a reliable assessment of dispersal

in early fall. The two juveniles monitored during this early fall

period did not disperse, one was still philopatric at the end of

its monitoring, and the second dispersed during the mid-

February to March period (see below, electronic supplemen-

tarymaterial Table S1). As regards dispersal during the second

focused period of mid-February to March, six individuals

(three males, three females) could not be classified: either

because their monitoring duration was less than 30 days (four

out of the six) or because their monitoring ceased long before

this period (one out of the six) or because it ceased during an

exploration movement (Fig. 1a, one out of the six, electronic

supplementary material Table S1). Among the 13 remaining

individuals, five were classified as philopatric explorer (two

males, three females), i.e., they made exploration movements

but always returned soon after to their birthplace (Fig. 1b), and

one was classified as a philopatric stationary individual.

However, the monitoring of four out of these six individuals

ceased between March 1st and March 17th (electronic

supplementary material Table S1), right in the middle of the

focused period so that we could not rule out that they would

have dispersed later (Fig. 1c).

The seven remaining individuals were classified as dis-

persers (Fig. 2a), either shifter individuals (one male, one

female) or one-way individuals (three males, two females).

The overall natal dispersal rate was 7/13=53.85 %. For these

seven dispersers, the natal dispersal distance ranged from

2256 to 17,257 m and was not significantly different in both

sexes (4968±2057 m in females, 7028±7058 m in males).

Fig. 1 Temporal evolution of the

scaled distance between each

successive location and the

centroid of the natal area from

October 1st of the the year of birth

to the end of June the following

year, a unclassified pine martens;

b stationary pine martens;

c explorer pine martens
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The natal dispersal duration ranged from 5 to 76 days and did

not differ between sexes (35±36 days in females, 29±17 days

in males). All the dispersers started their natal dispersal move-

ment 15 days around March 1st the year after their birth

(Fig. 2a, electronic supplementary material Table S1). This

relatively narrow period for the timing of dispersal was clearly

associated with the onset of relative testes mass increase in

subadult males (Fig. 2a) and did not match with any age varia-

tion of body mass in both subadult males and females (Fig. 2b).

Discussion

Emigration movements, sensu departure from the natal area,

were highly synchronous and occurred within a narrow period

of less than one month between February 17th and March

17th. Although we cannot rule out that we could have missed

dispersal movements in early fall (only two individuals were

monitored during this period, most individuals were captured

after December 1st), this finding is in agreement with the idea

that natal dispersal mostly occurs in late winter (Helldin and

Lindström 1995). Both males and females dispersed during

this period without any variation in body mass as subadult

pine martens reach adult size when they are 6 to 8 months

old (Ruette et al. unpublished data). Such synchronous

dispersal is in agreement with the first hypothesis of

Helldin and Lindström (1995) which argued that hormonal

changes accompanying the restart of gestation induce the

adult female’s behavior of driving out its young (sensu

condition-dependent dispersal), independently of off-

springs’ phenotypes. Alternatively, the onset of dispersal

of males matched very well with the increase of testis

mass described on our transversal sample in late winter.

Concomitantly with this increase, the level of testosterone

is expected to reach its peak (Audy 1976). This result is

in agreement with phenotype-dependent dispersal and

would support the second hypothesis of Helldin and

Lindström (1995), i.e., the false heat results from the

whole dispersal process. We acknowledge that only longi-

tudinal data on individuals would help to clarify this

process. Unfortunately, we did not have any hormonal

and morpho-anatomical metrics of such a physiological

change in subadult females during this period. To our

knowledge, we provided here the first evaluation of the

Fig. 2 a Coincidence between

the temporal evolution of the

scaled distance between each

successive location and the

centroid of the natal area for

dispersing pine martens and the

phenology of the averaged testis

mass (n=36) from October 1st of

the year of birth to the end of June

the following year. Testis mass

was standardized for body mass

using the residuals of the linear

model between the log-testis mass

and the log-body mass. Testis

mass was scaled to facilitate

graphical display. b Temporal

variation of male (n=58) and

female (n=32) body mass from

October 1st of the year of birth to

the end of June the following year
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two hypotheses of Helldin and Lindström (1995) about the

false heat in Martes species in a wild population of pine

martens since the paper of Helldin and Lindström (1995)

has been published. Based on our study, it is not possible

to rule out any of them, but data reported here provide the

opportunity for the mustelids community to increase our

common knowledge about this particular false heat pattern.

Finally, highly synchronous natal dispersal in pine martens

might have management implications. Natal dispersal plays

a major role in ensuring connectivity between populations

and/or recolonization of depleted sites (Clobert et al.

2001). In our area, human-induced mortality is mostly

attributed to trapping/hunting and roadkills (Ruette et al.

2015). As trapping is mostly active between January and

March in France, most of the animals caught might be

crossing pine martens, especially since subadult martens

are likely easier to trap than adults. Hence, late winter

would be not only a critical period for pine marten populations

but also the focus period to control human-induced mortality

when necessary.
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 2 

Dispersal classification 3 

 4 

To achieve the identification of resident individuals ("stationary" and "explorer") and 5 

disperser individuals ("shifter" and "one-way", Fig. S1), we used the classification of 6 

movement patterns of McShea and Madison (1992), and then adapted it for the European pine 7 

marten Martes species based on previous works of Bray et al. (2007) and Avril et al. (2011) 8 

on European hare (Lepus europaeus). 9 

 10 

In a first step, we graphically focused on adult individuals having a stable spatial pattern of 11 

locations over a season, as spatially stable individuals are mostly found in this age class 12 

(Blankenship et al. 2006, Melero et al. 2008, Ruiz-Olmo et al. 2011). The seasons were 13 

defined following Marchesi (1989) as: winter from December to February, spring from March 14 

to May, summer from June to August and autumn from September to November. Based on 15 

both climatic conditions and life cycles of the species (e.g. mating, gestation), these seasons 16 

are long enough to ensure enough locations to assess their spatial pattern but short enough to 17 

avoid this spatial pattern being impacted by the biological events occurring during the life of 18 

an individual. To account for seasonal variation of space use, we divided each individual in 19 

individual-season, sensu the observed locations of a given individual during a given season. 20 

The spatial patterns of location for these individuals-seasons were assumed to represent how 21 

large was the area used for resting by typical stable adults, and was later used as a reference.  22 

 23 

In a second step, we computed the centroïd of the locations and calculated the distances of all 24 

locations from this centroïd for each typical stable individual-season. We derived the overall 25 



distribution of the distances between locations and their centroïd for all individuals-seasons. 26 

We retained as a typical spatial pattern of locations for a resident individual the circle whose 27 

radius r encompasses 95% of the locations. Wildlife ecologists are accustomed to working 28 

with 95% of the locations to avoid taking into account the exploration movements (White and 29 

Garrott 1990). r defined the distance over which a resident adult is unlikely to be located 30 

given its centroïd and was computed by sex and species. 31 

 32 

In a third step, we identified disperser or resident individuals using all their locations recorded 33 

during their monitoring as follows. As a starting point, we used an iterative approach to define 34 

the position of the center Ci of the spatial pattern of resting sites over the entire monitoring for 35 

each individual i. We took the first three locations and computed their centroïd. Then, we 36 

added the next location (the 4th one) to the dataset. If it was distant by less than r from the 37 

previous centroïd, a new centroïd was computed taking into account this location and used to 38 

evaluate the next location (the 5th one). This was iterated until the new location t+1th 39 

evaluated in the process was distant by more than r from the centroid computed on the tth 40 

previous locations. If it never happened, we took the centroïd of all the locations as the center 41 

of the spatial pattern, which means that the individual can be considered as stable during its 42 

entire monitoring. The centroïd obtained at the end of the process was defined as the center Ci 43 

of the spatial pattern of resting sites for individual i. All distances between locations and Ci 44 

were calculated, and any location distant from Ci by more than r was considered as an 45 

exploration movement or a definitive movement depending on its duration. 46 

We also computed an index of inertia for each location Xt of each individual i, I(Xt)i,t. This 47 

index allowed us to detect movements from time t-1 to time t that led to a significant change 48 

in the spatial distribution of successive locations: 49 
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Where t is the time index of a given location in the monitoring of the ith individuals, Xi,j the jth 51 

location of the individual i, Ci,t-1 the centroïd computed on the t-1th first locations of the 52 

individual i and d(Xi,j, Ci,t-1) the distance between the jth location and Ci,t-1. The stability or 53 

instability of I(Xt)i,t. over time indicates whether the spatial pattern of locations was 54 

temporally stable or not.  55 

 56 

To decide whether an individual was resident, we applied the two following rules: i) 57 

individuals with all their locations within the circle of r radius centered on Ci or individuals 58 

for which some locations were beyond r but whose last location was within the circle of r 59 

radius; or ii) individuals whose last location was outside the circle of r radius but with a 60 

departure from the circle of r radius dating from less than 30 days and not being the 61 

movement with the highest magnitude over the monitoring, i.e. the maximum value of the 62 

I(Xt)i,t. index was reached before this last movement. We chose a time-span of 30 days 63 

because temporary excursions lasted less than 13 days, and hence, individuals leaving the 64 

circle of r radius for more than 30 days are considered as having made permanent movement 65 

and were classified as disperser “shifter” or “one-way” (Fig. 1) according to the shape of the 66 

movement pattern (Fig. 2). 67 



Fate of monitored European pine martens 68 

 69 

Table S1 Sex, age, birth year, start and end of the telemetry monitoring, cause of monitoring end, dispersal classification, departure and 70 

settlement date, duration and distance of dispersal for the n=19 juvenile/sub-adult pine martens in the Bresse region (France) 71 

 72 

ID sex age birth 

year 

capture date monitoring 

end 

length 

monitoring 

(days) 

end monitoring 

cause 

dispersal 

classification 

Departure 

date 

Settlement 

date 

dispersal 

duration 

(days) 

dispersal 

distance (m) 

PM3 f SA 2003 09/01/2004 19/03/2004 70 animal lost disperser one-way 17/02/2004 05/03/2004 17 5419 

PM6 f SA 2003 14/01/2004 12/07/2004 180 animal lost disperser one-way 17/03/2004 01/06/2004 76 6762 

PM27 f SA 2004 10/01/2005 26/05/2005 136 animal lost disperser shifter 03/03/2005 14/03/2005 11 2723 

PM46 m J 2005 04/08/2005 07/04/2006 246 death on 08/04/2006 disperser one-way 27/02/2006 07/04/2006 39 6193 

PM60 m SA 2005 12/01/2006 20/04/2006 98 death on 24/04/2006 disperser one-way 01/03/2006 30/03/2006 29 2256 

PM61 m SA 2005 19/01/2006 06/07/2006 168 death on 07/07/2006 disperser one-way 17/03/2006 29/04/2006 43 17257 

PM50 m SA 2005 25/10/2005 14/06/2006 232 animal lost disperser shifter 17/02/2006 22/02/2006 5 2407 

PM2 m SA 2003 14/12/2003 06/02/2004 54 death on 13/02/2004 not classified  -  -  -  - 

PM7 m SA 2003 13/01/2004 21/01/2004 8 death on 23/01/2004 not classified  -  -  -  - 

PM5 f SA 2003 14/01/2004 31/03/2004 77 animal lost not classified  -  -  -  - 

PM57 f SA 2005 05/12/2005 25/12/2005 20 death on 26/02/2005 not classified  -  -  -  - 

PM59 m SA 2005 06/01/2006 27/01/2006 21 death on 01/02/2006 not classified  -  -  -  - 

PM64 f SA 2005 06/02/2006 01/03/2006 23  lost, later found 

dead on 01/02/2008 

not classified  -  -  -  - 

PM26 f SA 2004 10/01/2005 07/03/2005 56 animal lost philopatric explorer  -  -  -  - 

PM29 m SA 2004 09/02/2005 18/05/2005 98 death on 23/05/2005 philopatric explorer  -  -  -  - 

PM40 m J 2005 07/07/2005 14/03/2006 250 animal lost philopatric explorer  -  -  -  - 

PM55 f SA 2005 01/12/2005 17/03/2006 106 lost, later found 

dead on 28/04/2006 

philopatric explorer  -  -  -  - 

PM58 f SA 2005 19/12/2005 02/01/2007 379 animal lost philopatric explorer  -  -  -  - 

PM79 m SA 2006 06/12/2006 09/03/2007 93 death on 12/03/2007 philopatric stationary  -  -  -  - 

 73 
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Trackograms of the seven European pine marten dispersers 75 

 76 

 77 

Figure S1 Successive locations (in blue, first spatial, i.e. natal, cluster of locations; in red, 78 

second spatial, i.e. post-dispersal, cluster of locations) for the seven European pine marten 79 

dispersers. X- and Y-axis coordinates are given in extended Lambert II geodesic system. 80 

Roads are shown in black, forest and copses in green, and all other habitat types in white. 81 

82 



Trackograms of the six European pine marten philopatrics 83 

 84 

 85 

Figure S2 Successive locations for the six European pine marten philopatrics. X- and Y-axis 86 

coordinates are given in extended Lambert II geodesic system. Roads are shown in black, 87 

forest and copses in green, and all other habitat types in white. 88 

 89 


