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Abstract

. Johanna Painer?

- Jens Persson*® . Henrik Andrén*

Understanding reproductive physiology of a species is important to assess their potential to respond to environmental vari-
ation and perturbation of their social system during the mating or pre-mating seasons. We report 175 parturition dates from
wild Eurasian lynx (Lynx lynx) in Scandinavia. Most lynx birth dates were highly synchronised around a mean of 30th May
(SD =9 days) with 173 of the 175 births ranging from May 2nd to June 30th. We detected two very late births on July 29th
and August 15th in the absence of any indication that the females had given birth and lost a litter earlier in the year. We pro-
pose that these represent evidence of a second oestrus which is highly unusual in lynx because of their unique reproductive
physiology. The rarity of these late season births has implications for lynx demography and social organisation.
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Eurasian lynx (Lynx lynx), the largest species in the Lynx
genus, is a solitary felid inhabiting the boreal forest of
Eurasia (Chapron et al. 2014). Eurasian lynx become sexu-
ally mature at two years of age (Axner et al. 2009) but not
all 2-year olds manage to breed successfully (Nilsen et al.
2012b). In Scandinavia, lynx mate in March—April and after
a gestation length of 66—70 days (Painer et al. 2014) they
give birth to 1-4 Kkittens, 2 being the most common litter
size (Gaillard et al. 2014). The kittens stay with their mother
until they are between 8 and 11 months old (Samelius et al.
2012). In contrast to most felid species (e.g. Jansen and Jenks
2012; Balme et al. 2013), lynx are strict seasonal breeders
(Henriksen et al. 2005), reproducing only once a year and
normally with only a single ovulatory cycle (Painer et al.
2014). Female lynx display a unique physiology of persistent
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corpora lutea, which produce elevated serum progesterone
levels during the non-mating season which normally hin-
ders an oestrus onset later in the season (Painer et al. 2014).
This results in a highly synchronised birth season, with only
single anecdotal published incidences of late births in cap-
tive (Henriksen et al. 2005) and wild (Breitenmoser-Wiirsten
et al. 2007) lynx.

Reproduction is costly for female lynx (Nilsen et al.
2010) and breeding success increases with the availabil-
ity of food resources and age (Nilsen et al. 2012b; Walton
et al. 2017). The timing of birth is thus most likely crucial
to match weaning with a period rich in resources and to
minimise thermal stress on neonates, although the summer
resource pulse is not so narrow as to fully explain why lynx
do not more often show a second oestrus cycle. An alterna-
tive explanation is that this is an adaptation to remove the
incentive for males to commit infanticide which is very com-
mon in other felids that lack clear seasonal birth cycles (e.g.
Logan and Sweanor 2001; Balme and Hunter 2013) but is
almost absent in Lynx. As such, the adaptive nature of their
unique reproductive physiology is not totally clear, but it can
be hoped that greater insights can emerge as more data from
a diversity of situations becomes available.

In this study we present data on parturition date from
198 reproductive events by 96 radio-collared lynx females,
spanning a large geographical range within Norway and
Sweden (55.69 N-70.37 N) with the goal of looking for
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out-of-season births which would be evidence of a second
oestrus in the wild.

Lynx were equipped with VHF- or GPS-collars follow-
ing standard handling protocols approved by the Swedish
Animal Ethics Committee and the Norwegian Experimental
Animal Ethics Committee. Data were collected from 1996
to 2015 from study sites throughout Scandinavia. Details on
lynx capture can be found elsewhere (Andrén et al. 2006;
Mattisson et al. 2011; Arnemo et al. 2012; Odden et al.
2013).

Female lynx adopt a central place foraging behaviour
centred on a natal lair for the first weeks of the kittens’ lives
(Schmidt 1998). This behaviour enables the den location,
and the parturition date, to be determined by examination of
high resolution GPS-location data or intensive monitoring
by VHEF. All reproductive events were confirmed by a visit
to the natal lair when kittens where 1-6 weeks old, or by
observing 1 or more kittens with the female in the follow-
ing winter (only for some few GPS-collared individuals).
We assume that the kittens were born on the first day the
female started using the natal lair and reduced movements to
a minimum. For some VHF-collared individuals in Sweden,
the first day of denning could not be determined from move-
ment data. Birth date for these individuals was estimated
from a model based on weights of other kittens with known
birth date, measured during natal lair control (1-6 weeks of
age) (Fig. 1).

Lynx parturition dates were observed as early as May
2nd and as late as August 15th but were centred around May
30th (SD =9 days; Fig. 2). The two latest parturition dates,
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Fig. 1 The relationship between age (days) and body weight (kg) of
captured kittens with known parturition date used to estimate date
of birth when body weight is known (Age=exp(1.64+ 1.34 X body
weight); R>=0.72, p<0.0001, n=132)
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Fig. 2 Distribution of 175 documented parturition dates for wild Eur-
asian lynx (Lynx lynx) in Scandinavia. Red bars indicated two outliers
where female lynx gave birth on July 29th and August 15th. Striped
line shows mean birthdate (May 30th) calculated when excluding the
two outliers

July 29th and August 15th were a month, or more, later than
all other observed dates (the third latest being June 30th)
possibly suggesting a second oestrus. A second behavioural
oestrus has previously been observed in one captive lynx,
65 days after her first oestrus (Painer et al. 2014). In this
case, an ultrasound examination revealed a minor second fol-
licular wave, but the corresponding hormone levels were not
indicative of an oestrus and her oestrous behaviour did not
reach the same strength as during a proper oestrus (Painer
et al. 2014). This captive animal did not have access to any
males during this period so it is unknown if the ovulation
could have resulted in pregnancy. Breitenmoser-Wiirsten
et al. (2007) report a case of a female lynx who displayed
denning behaviour for over 3 weeks (with a normal birth
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date) and then abandoned the site, mated with a male, and
gave birth on August 26th indicating that in some cases it
is possible for lynx to enter a second oestrus after losing a
litter. However, both our females with late births were fitted
with GPS-collars and there were no indications in the loca-
tion data that they had given birth, and lost their kittens,
earlier the same summer (although they could have con-
ceived and then aborted). One of the females was monitored
intensively during the period as part of a predation study but
for the other female it may have gone undetected if she lost
a litter very shortly after parturition.

As ovulation can appear spontaneously in lynx, in addi-
tion to being induced (Painer et al. 2014), it is crucial for
female lynx to have predictable access to males during their
period of potential oestrus. We do not know the status of
overlapping males for the two females with the latest parturi-
tion dates but we do for the female with 4th latest date who
gave birth on June 26th (Fig. 2). We have detailed informa-
tion from two GPS-collared male lynx that interacted with
her. The adult male whose home range originally overlapped
with the home range of this specific female was killed during
a licensed hunting event on February 27th, i.e. just before
the mating season normally starts. The neighbouring male
lynx was observed for the first time in her home range on
April 7th. The GPS-data further revealed that the new male
met with the female for a couple of days around April 17th
and most likely mated successfully. This fits well with the
known gestation times for the species; 66—70 days (Painer
et al. 2014) or 67-72 days (Breitenmoser-Wiirsten et al.
2007). That the female was in oestrus shortly after the male
entered her territory may indicate that the presence of males
can potentially induce a second oestrus, which would be a
beneficial adaptation in a low density, high turnover, popula-
tion where alternative mating opportunities may be scarce.
However, we cannot know whether she ovulated earlier
when no male was present or if she would have spontane-
ously entered oestrus a second time regardless of the pres-
ence of a new male.

One key question is whether late-born kittens can sur-
vive until independence and dispersal age. The female lynx
giving birth on August 15th was subsequently shot under a
livestock-depredation control action together with her male
kitten on January 24th the following year. They were both
in good condition, as indicated by the amount of internal
body fat. The female weighing 18 kg and the kitten 8 kg.
The kitten was smaller than the average 11 kg (SD=1.9)
for male kittens shot between January 8th and February 28th
but within the observed range (8% being under 9 kg; based
on 147 dead lynx kittens registered in a national database
for carnivores; www.rovbase.no). There was no correlation
between date of death and body weight in the “Rovbase”
dataset (R>=0.02). This indicates that the female lynx was
able to sustain both herself and her kitten’s body condition

in spite of giving birth at the end of the summer season. Her
home range overlapped with grazing areas of semi-domestic
reindeer (Rangifer tarandus) where she most likely could
secure enough food (Mattisson et al. 2011; Walton et al.
2017). If female lynx dependent on other prey types also can
sustain body condition for herself and her kittens, remains
to be seen.

Overall our results show that most wild lynx maintain a
highly seasonal birth season due to a single oestrus event,
with occasional, but rare late season births stemming from a
second oestrus. A second oestrus would minimise the risk of
females failing to conceive due to failure to find a mate dur-
ing the narrow oestrus-window. This would be particularly
adaptive in populations with a low density and high turnover
(like in Scandinavia; Nilsen et al. 2012a). However, the low
frequency of such events implies that it is unlikely to have
a significant demographic impact at present. As to whether
timing of birth affects the survival or the development of the
kittens after independence remains unclear. Overall, there
are still many questions about the evolutionary drivers and
constrains that have shaped the nature of lynx reproduc-
tive physiology and whether second oestrus is an insurance
against missing reproduction. The only thing which is clear
is that lynx deviates from all other genera of large cats with
similar ecology, by being strict seasonal breeders.
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