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Abstract: The neuroendocrine regulation of rabbit maternal behaviour has been explored in detail. However,
little is yet known about the hormonal regulation of aggression in concurrently pregnant-lactating does,
a reproductive condition that prevails during group housing of rabbits on farms. Therefore, in this study
we determined the relation between a) the levels of progesterone, testosterone, and oestradiol during
lactation; b) the anogenital distance at artificial insemination; and c) the timing of grouping with the intensity
of agonistic behaviour, published previously. We performed four consecutive trials, where three groups of
eight does each were artificially inseminated on day 10 postpartum (pp) and grouped on either day 12, 18
or 22 pp. Using Dipetalogaster maxima, a reduviid blood-sucking bug, we collected blood samples during
the pregnant-lactating phase (days 13, 15, 17, 19, 21, 23 pp) on one or two randomly chosen does per
treatment group. Testosterone levels varied little across the pregnant-lactating phase, agreeing with results
from pregnant-only rabbits, while progesterone levels increased from day 3 (=13 dpp) to day 7 (=17 dpp) and
remained unchanged until day 13 (=23 dpp) of pregnancy. All oestradiol concentrations fell below the limit
of detection. Overall, all concentrations were slightly lower in comparison to rabbit studies with pregnant-
only does. The agonistic behaviour was not related to the respective hormonal concentrations at grouping.
In conclusion, the time point of grouping does after artificial insemination (Al) in the semi-group housing
system only had a weak influence on aggression and the hormonal profile did not indicate an optimum time
for grouping.
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INTRODUCTION

The neuroendocrine regulation of maternal behaviour in rabbits has been investigated before (see recent review
in: Gonzalez-Mariscal et al., 2016). Several studies have determined that specific hormones (e.g., oestradiol,
progesterone, testosterone, prolactin) act on particular brain structures (e.g., preoptic region, anterior hypothalamus,
lateral septum) to control the expression of nest building (i.e., digging a burrow, carrying straw into it and lining the
straw-nest with plucked body hair). Throughout lactation, nursing (inside the nest box) is restricted to a single bout
per day, lasting around three min, and displayed with circadian periodicity. This precise temporal regulation relies
heavily on the characteristics of the suckling stimulus provided by the kits (Gonzélez-Mariscal et al., 2013a, 2013h).

However, hardly any studies have focussed on the hormonal basis of aggression in female rabbits. In addition to
nest building and nursing, the behavioural repertoire of lactating rabbits also includes agonistic behaviour and nest
defence. This has been documented in European rabbits (Oryctolagus cuniculus) living under semi-natural conditions
(Rodel et al., 2008), in domestic rabbits kept on the farm (Mugnai et al., 2009; Andrist et al., 2012) and also in
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the laboratory (Denenberg et al., 1958). Yet, hardly anything is known about the hormonal factors that regulate this
maternal aggression in lactating does. This information is important in behavioural neuroendocrinology, as well as
in animal welfare and science. In the latter field, rabbit breeders are trying to ensure the well-being of their animals
(for review, see Gonzalez-Mariscal et al., 2017). Accordingly, as rabbits are gregarious by nature, the group housing
system is becoming more popular, especially on European farms devoted mainly to meat production (Maertens
et al., 2011; Zomefio et al., 2018). In Switzerland, the semi-group housing system consists of separating pregnant
does around the time of parturition and grouping them around lactation day 12. This type of housing has been
labelled an “especially animal-friendly” housing system (BTS, 2019). It supposedly combines the positive aspects
of continuous single housing and continuous group housing, i.e. the does are undisturbed during early lactation
and, from day 12 onwards, they have more space for locomotion, can interact with conspecifics and, therefore, they
develop less stereotypies compared to animals in continuous single housing (Chu et al., 2004; Dal Bosco et al.,
2019). Additionally, compared to continuous group housing, the rate of infanticides, litters of two does in the same
nest box and pseudopregnancies are reduced in the semi-group housing system (Andrist et al., 2013; Szendr6 et al.,
2016). For more details on this housing system as well as other existing ones, please refer to Nielsen et al. (2020).

However, recent studies have shown fighting among the does at grouping, with resulting injuries in up to 60% of the
animals (Andrist et al., 2013; Buijs et al., 2015). Fights are partially caused by a natural need to reinstate hierarchy,
as the replacement and exchange of sick and non-pregnant does are common practice on farms (Andrist et al., 2013;
Rommers et al., 2014). Another trigger could be the defence of their kits. As they are only 12 d old at grouping, the
does may still react defensively to conspecifics approaching their nest (Rodel et al., 2008). Other factors that might
contribute to aggression among lactating does have not been investigated.

The endocrine conditions of concurrently pregnant-lactating does differ from those found in pregnant-only and
lactating-only rabbits (Fortun et al., 1993). Specifically, progesterone (P4) concentrations are lower in pregnant-
lactating than in pregnant-only does on gestation days 7 and 14, whereas oestradiol (E2) levels are higher in the
former on pregnancy days 1 and 21 (Gonzalez-Mariscal et al., 2009). Testosterone (T) is also produced across
gestation and even during lactation, though at lower levels in the latter condition. It promotes particular aspects of
nest building (i.e., digging and hair-loosening; Gonzalez-Mariscal et al., 2003) but its concentration in pregnant-
lactating does is unknown.

Little is known about how steroid hormones could influence agonistic behaviour in female does: two studies found
an increased aggressive response in ovariectomised, oestradiol-treated does given P4 peripherally (Hoffman et al.,
2009) or into the hypothalamus (Palka and Sawyer, 1966). Therefore, the main aim of this study was to determine the
concentrations of testosterone, progesterone and oestradiol during the pregnant-lactating phase of does and analyse
their relation with the agonistic behaviour shown at grouping which was reported previously (Braconnier et al., 2020).
A better understanding of the temporal variation in hormonal secretion during lactation and simultaneous gestation
might help us determine an optimal time point for grouping. In addition, we correlated the anogenital distance (AGD)
measured at Al (Braconnier et al., 2020) with the hormonal values during pregnancy/lactation because: a) earlier
studies suggested that AGD at birth could be useful in selecting less aggressive does for communal breeding (Buijs
etal., 2016); b) there is a correlation between the AGD measured at birth and that observed in adult does (Banszegi
etal., 2009). If a correlation was found, AGD could serve as a prediction of the aggressive potential of individual does.
This could be used for selecting does during breeding or when assembling groups.

ANIMALS, MATERIALS AND METHODS
Ethical approval

This study was approved by the Cantonal Office of Aargau (No. 30611). It met all federal and cantonal regulations on
animal experimentation.
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Animals and housing

This experiment was part of a study carried out on a Swiss rabbit breeding farm using 57 multiparous does of
the Hycole hybrid. Eight does were randomly chosen as focal animals and sampled for hormonal analyses in this
experiment. All the animals were multiparous (>than 2 births).

Each pen contained eight individual cages (each approximately 1.6 m?). Every cage included a nest box (0.30x0.40 m),
a straw bedded platform, a feeder and a nipple drinker. During the grouping phase, the cages were opened at the top
and the animals had access to a common floor area (3.20x2.20 m) (Figure 1). Air temperature and relative humidity
were continuously recorded during the experiment (HOBO® Datalogger U10-003, Onset Computer Corp., Bourne,
MA 02532) and varied between 8.4°C and 20.1°C and 26 to 67% humidity, respectively. There was natural daylight
in the barn, supplemented with artificial light during feeding and early working times during winter in a haphazard
way. A 16/8 lighting regime was established five days before until two days after Al, as this has been reported to be
beneficial for sexual receptivity in does (Theau-Clément et al., 1990). The does were supplied ad /ibitum with hay,
water and commercial rabbit pellets (UFA 925, UFA AG, Herzogenbuchsee, Switzerland) containing 10.0 MJ digestible
energy, 170 g crude protein, 145 g crude fibre, 35 g crude fat and 95 g crude ash per kg.

Breeding management and grouping

The does were kept in three groups of eight animals/pen on a 41-day reproductive cycle. The isolation period of the
semi-group housing started for every group one day before parturition of the kits (day —1). On lactation day 10, a
24 h doe-litter separation was performed to improve fertility rates following artificial insemination (Al; Arias-Alvarez
et al., 2010). Does with unsuccessful Al were excluded from the study, but stayed in their groups until the end of a
trial to assure a consistent group number. The day of Al was considered day O of pregnancy. The time of grouping
(=treatment) occurred on different days postpartum (dpp), specifically: 12 (TG12), 18 (TG18), or 22 (TG22). Each trial
lasted from day —1 to day 25 pp (weaning of kits) (Figure 2).

Figure 1: Pen design. (1) Nestbox, (2) Feeder, (3) Common area, (4) Grid for isolation purposes.
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Figure 2: Timeline of a trial.
AGD=Anogenital distance; Al=Artificial insemination; BC=Blood collection; Dpp=Day postpartum; Dpreg=Day of pregnancy;
G=Group housing; I=Isolation; TG=Treatment group.

In total, we conducted four trials with one group in each treatment from October 2018 until March 2019. Before each
new trial, sick or non-pregnant animals were removed and replaced with pregnant does, as is common practice on
farms. Initially, three groups were randomly allocated to one of the three treatments (TG12, TG18 or TG22). After
each trial, the groups switched to another treatment in the following trial. All does were individually marked with ear
tags and livestock spray. The number of suckling kits was documented per doe and litters were not standardised. See
timeline in Figure 2 for clarification of the procedures performed in a trial.

Blood sampling

Background information and bug method

Frequent blood sampling in rabbits —usually from the ear (Vena auricularis) or leg (V. saphena lateralis) veins— can
pose difficulties, due to handling stress or the formation of hematomas (Hein, 2014, 2019). In a group housing
system, an indwelling catheter is not an option.

Reduviid blood-sucking bugs (Dipetalogaster maxima) are a valid alternative to the conventional blood sampling
method in tapirs and rabbits (Voigt et al., 2006; Kosowska et al., 2015). Having a proboscis with a diameter about
10 times smaller than a conventional needle, they cause less mechanical stimulus and pain during the blood
extracting process (Vos et al., 2010). Moreover, the metabolism of D. maxima does not interfere with the hormonal
concentrations determined in rabbit blood for up to eight hours after a blood meal (Voigt et al., 2004). Therefore,
D. maximain the 3", 4" and 5" nymphal stage (N3, N4, N5) were used as a blood sampling method in this experiment
(see details below).

Hormonal profile

To obtain the hormonal profile of pregnant-lactating does, blood samples were collected from 1-2 selected animals
per treatment group on days 3, 5, 7, 9, 11 and 13 of pregnancy (dpreg) between 7-11 a.m. (=6 samples/animal).
For unknown reasons, three does did not become pregnant after Al. The samples of these lactating-only does were
excluded from the hormonal analysis. See Table 1 for details.

Table 1: Doe rabbits used for blood collection and behavioural observations.
Trial DoelD TG RS DoelD TG RS DoelD TG RS DoelD TG RS DoelD TG RS

1 Epsilon 12 pl Delta 18 pl Beta 22 pl
2 Beta 12 pl Epsion 18 | Zeta 18 | Alpha 22 pl Delta 22 |
3 Gamma 12 pl  Alpha 18 pl Beta 22 pl
4 Alpha 12 pl Eta 18 pl Theta 18 pl Gamma 22 pl

Al=Artificial insemination; I=Lactating-only (not analysed); pl=Pregnant-lactating; TG=Treatment group; RS=Reproductive status
after Al
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Sampling and extraction process

The bugs were fasted for five weeks prior to the experiment to ensure stinging (Markvardsen et al., 2012) and kept
in an incubator with 60% relative humidity and a temperature between 26-28°C (Stadler et al., 2011). On the farm,
one-two bugs were hidden in a specially designed plastic container that was tied around the chest area of the animal
(Figure 3). At the bottom of each container was a gauze bandage through which the bugs could pierce the skin of
the rabbit. Bugs that had not started sucking after 10 min were replaced. During the sampling process, the rabbit sat
in a separate box to prevent disturbance from the rest of the group. Bugs that survived the extraction process were
individually marked and re-used again after a 5-wk starvation period, but only on the same animal to avoid eventual
transmission of disease. The does were regularly health checked by a trained veterinarian to document eventual
occurring allergies or injuries.

Handling of the blood samples

Anticoagulants were not needed, as the bugs’ saliva contains Dipetalogastin, a potent thrombin inhibitor (Voigt et al.,
2003). The blood was centrifuged at 3000 g for 15 min and the plasma was transferred to a microtube and frozen
at —20°C until assayed.

Blood analyses

Testosterone (T)

Blood plasma (0.1 mL) was extracted with 2 mL of butyl t-methyl ether: petroleum ether (30:70) for 30 min. After
freezing at —80°C for 10 min, the organic phase was decanted, evaporated at 55°C under N, stream and dissolved
in 0.2 mL of 100% methanol and 0.3 mL of bide stilled water.

Testosterone was quantified by an enzyme immunoassay (EIA) using polyclonal antibodies (rabbit) against
testosterone-3-CMO-BSA and the corresponding 3-CMO-peroxidase as label. The cross-reactivities were as follows:
testosterone, 100%; dihydrotestosterone (DHT), 53.85%; 4-androsten-3B3,17B-diol, 4.6%; 19-nortestosterone,
2.3%; <0,01% for 11B-hydroxyetiocholanolone, 11-oxo-etiocholanolone, cortisol, corticosterone, 5a-androstan-17-
one, androstenedione, androsterone, 5a-androsterone, dihydroepiandrosterone (DHEA), testosterone-glucuronide
and epiandrosterone.

The range of our calibration curve (standard testosterone) was 0.2-100 pg/20 pL. The linear range, between B80 and
B20, was determined between 0.75 and 10.36 pg/20 pL. All EIA measurements were performed in duplicate with
acceptance criteria of a coefficient of variation (CV) below 5%.

Figure 3: Blood sampling from a rabbit using blood-sucking Dipetalogaster maxima: (A) 1-2 bugs were hidden in a
specially designed container fixated around the chest area of the rabbit. After finding an underlying vein, the bugs
punctured the skin and started sucking. (B) After an average time of 17 min, the bugs had finished their meal and
released. The container was removed. (C) The bug was taken out of the container and its lower abdominal area was
punctured with a syringe (18-21 G). The blood was withdrawn under slow and steady pressure.
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The inter-assay CV (5 assays), based on a low quality control sample (LQC) and high quality control sample (HQC),
both fitting the linear range of the curve and run in duplicate, was respectively 9.20 and 7.72%.

The intra-assay CV, determined on two biological samples including low and high concentration (16 repeats in
duplicate each), was 9.72 and 4.31%, respectively.

Progesterone (P4)

Blood plasma (0.1 mL) was extracted with 2 mL of petrol ether for 30 min. After freezing at —80°C for 10 min, the
organic phase was decanted, evaporated at 55°C under N, stream and dissolved in 0.4 mL of 100% methanol and
0.6 mL of bi-distilled water.

Progesterone was quantified by an enzyme immunoassay (EIA) according to (Dehnhard et al., 2008) using a
commercial progesterone antibody raised in rats (Sigma P1922) and a 4-pregnen-3,20-dione-3-CMO-peroxidase
label. The cross-reactivities to other steroids were as follows: 4-pregnen-3,20-dione (progesterone), 100%;
5a-pregnan-3,20-dione (5a-DHP), 76.8%; 5a-pregnan-3B6-ol-20-one (5a), 18.3%; <0.1% for 5-pregnen-3B3-ol-
20-one; 5B-pregnan-3a-ol-20-one, 20a-dihydroprogesterone, pregnandiol, 17a-hydroxyprogesterone, testosterone,
oestradiol and cortisol.

The range of the calibration curve (standard progesterone) was 0.2-100 pg/20 pL. The linear range, between B80
and B20, was determined between 1.79 and 18.83 pg/20 pL. All EIA measurements were performed in duplicate
with acceptance criteria of a coefficient of variation (CV) below 5%.

The inter-assay CV (4 assays), based on a low quality control sample (LQC) and high quality control sample (HQC),
both fitting the linear range of the curve and run in duplicate, was respectively 14.70 and 10.31%.

The intra-assay CV, determined on two biological samples including low and high concentration (16 repeats in
duplicate each), was 9.07 and 4.46%, respectively.

Oestradiol (E2)

Blood plasma (0.1 mL) was extracted with 2 mL of butyl t-methyl ether: petroleum ether (30:70) for 30 min. After
freezing at —80°C for 10 min., the organic phase was decanted, evaporated at 55°C under N, stream and dissolved
in 0.1 mL of 100% methanol and 0.15 mL of bide stilled water.

Oestrogens were quantified by an enzyme immunoassay (EIA) according to (Carnaby et al., 2012) using a polyclonal
antibody raised in rabbits to 1,3,5(10)-estratrien-3,17b- diol-17-HS-BSA and a 1,3,5(10)-estratrien-3,17b-
diol-17- HS-peroxidase label. The cross-reactivities to oestrogens were as follows: 1,3,5(10)-estratrien-3,17b-diol
(17b-E2), 100%; 1,3,5(10)-estratrien-3,17-one (estrone), 100%; 1,3,5(10)- estratrien-3,17a-diol (17a-E2), 66%;
1,3,5(10)-estratrien- 3,16a,17b-triol (oestriol), 1.5%; and 0.1% for 19-nortesto- sterone, P4 and testosterone.

The range of our calibration curve (standard 17b-E2) was 0.2-100 pg/20 pL. The linear range, between B80 and
B20, was determined between 0.79 and 1.05 pg/20 pL. All EIA measurements were performed in duplicate with
acceptance criteria of a coefficient of variation (CV) below 5%.

The inter-assay CV (3 assays), based on a low quality control sample (LQC) and high quality control sample (HQC),
both fitting the linear range of the curve and run in duplicate, was respectively 4.99 and 7.75%.

The intra-assay CV, determined on two biological samples including low and high concentration (16 repeats in
duplicate each), was 7.26 and 3.28%, respectively.

Agonistic behaviour

Agonistic behaviour after grouping of the does was described and published previously (Braconnier et al., 2020). In
brief, 24-h video recordings were conducted immediately after grouping. They started when the cages were opened
at around 7 a.m. All does were observed on the videos, however for this part of the experiment, we only focussed on
the eight animals that were sampled for blood (shown in Table 2). The frequency of the coded agonistic behaviour
(“aggression score”) was assigned to the animal that started the interaction. For the aggression score we used a
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modified version of Graf's ethogram (Graf et al., 2011) including behaviours like “boxing”, “biting”, “threatening”,
ripping, jumping on each other, nudging, biting, heavy-chasing and “carousel fights”.

The coder was blind to the identity of each animal. The recorded periods were chosen based on a prior scanning
of the videos for the phases with the most agonistic interactions after grouping. Moreover, it has been reported that
most agonistic interactions happen immediately after grouping (Graf et al., 2011; Rommers et al., 2011; Andrist
et al., 2013) or during early morning. Indeed, many behavioural and endocrine parameters of rabbits show that these
animals are crepuscular (for review see: Aguilar-Roblero and Gonzalez-Mariscal, 2020).

As the animals’ aggression scores were highly variable between individuals (from O up to 75 attacks during the coded
period), we were also able to test for differences in testosterone and progesterone concentrations between aggressive
(aggression score: >10) and submissive does (aggression score: 0-1) during grouping.

Anogenital distance

In brief, we measured the AGD on the day of Al using a digital calliper, from the base of the genital papilla to the
centre of the anal opening, as described by (Banszegi et al., 2012). The mean of three consecutive measurements
per animal was used to improve accuracy.

STATISTICAL EVALUATION

The data were evaluated using R (R Core Team, 2019). Non-parametric statistics were used for all analyses, as
the scores obtained were not normally distributed. The differences in the hormonal levels between aggressive and
submissive does, treatments and trials, as well as between the daily concentrations of P4 and T during the pregnancy-
lactation, were analysed by Kruskal-Wallis analysis of variance followed by Mann—Whitney U tests with Bonferroni
adjustment for multiple comparisons. As no significant differences in hormonal concentrations were detected
between trials (testosterone: x?=1.4679, P=0.68, progesterone: y?=2.359, P-value=0.5), all trials were pooled. All
oestradiol concentrations fell below the detection limit and therefore could not be used for a statistical evaluation.
Initially, repeated analyses were planned among does to account for individual variation. However, only two does were
pregnant-lactating across 3 trials and only one doe was pregnant-lactating across 2 trials (Table 2). As individual
does differed in hormonal status as well as in level of aggression across trials, all measurements were considered
independent. The correlation between the frequencies of aggressive behaviour and the hormonal levels at grouping
was calculated with Spearman rank correlation coefficients for each treatment group. The same test was performed
to estimate correlations between the AGD (measured at day 10 pp=Al) and the hormonal concentrations (measured
at day 13 pp). All means are given as means=standard deviation. P-values below 0.05 were considered significant.

RESULTS

Hormonal measurements

Testosterone (T)

Most (92%) of our samples vyielded testosterone concentrations below the linear range, but detectable.
Figure 4 shows the concentration of T in pregnant-lactating does. We combined the three treatments
because there were no differences in the mean concentrations of T among them (TG12=121.7+9.8 pg/mL,
TG18=119+37.1 pg/mL, TG22=137.5+28.1 pg/mL; x>=0.33, P=0.8, N=12). Thus, when considering all
animals, T ranged from 118+25.5 pg/mL on 3 dpreg to 137+35.2 pg/mL on 13 dpreg. The rise in T was not
significant (y2=4.0, P-value=0.55) (Figure 4).

Progesterone (P4)

Figure 4 shows the concentration of P4 in PL from the three treatments combined because there were no differences
in the mean concentrations of P4 among the three treatments; TG12=3.5+1.4 ng/mL, TG18=3.7+2.1 ng/mL,
TG22=2.8+1.2 ng/mL; y°=3.64, P=0.2 (N=12).
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Figure 4: Testosterone concentrations on specific days of concurrent pregnancy-lactation (solid line; mean=standard
deviation). No significant differences were found across days.

The values rose from 3 dpreg (1.96+1.35 ng/mL) to 7 dpreg (3.89+0.978; P<0.01); from then onwards, no
significant increases were observed (Figure 5).

Oestradiol (E2)

For the E2 analyses, the used EIA had a calibration curve starting at 10 pg/mL. Thus, 87% of the samples fell below
that concentration, the rest was below the linear range, starting at 39.5 pg/mL. Therefore, we did not draw any
conclusions from the results.

Correlation between agonistic behaviour and steroid plasma levels

The frequency of aggressive behaviour (=aggression score) of the does was not correlated with the testosterone levels
following grouping or with the progesterone concentrations in any of the treatments. The correlations were all below
0.3 and none of them were significant (P-values above 0.48) (Figures 6 and 7).

ns
ns

ns

Progesterone (ng/ml)

3 5 7 9 i 13
Day of pregnancy (dpreg)

Figure 5: Progesterone concentrations on specific days of concurrent pregnancy-lactation (solid line; mean=standard
deviation; a=P<0.05, b=P<0.01 vs. preceding value in the corresponding curve).
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Figure 6: Correlations between the testosterone concentration and the aggression score of the does in the 3
treatment groups (Grouped on day 12 after parturition, TG12: R=0.25, P=0.75; Grouped on day 18 after parturition,

TG18: R=—0.51, P=0.49, Grouped on day 22 after parturition, TG22: R=—0.24, P=0.76). Treatment group: —e—12;
——18; 22.

T and P4 concentrations did not differ between aggressive and submissive does. Mean testosterone concentrations
were 122.8+16.9 pg/mL (aggressive does; N=7) and 126.3+35.2 pg/mL (submissive does; N=8); x°=0.001,
P=0.98, N=15. Mean progesterone concentrations were 3.00+1.4 ng/mL (aggressive does; N=7) and
3.6+2.8 ng/mL (submissive does; N=8); y?>=0.054, P=0.82, N=15.

Anogenital distance

The AGD of all focal animals was around 10.3+1.1 mm (see Table 2 for details). The AGD was not correlated with the
T levels (r=0.36, N=15, P=0.26) or the P4 levels (r=0.26, N=15, P=0.43).
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Figure 7: Correlations between the progesterone concentration and the aggression score of the does in the 3 treatment
groups (TG12; R=-0.15, P=0.85; TG18: R=—-0.42, P=0.58; TG22: R=-0.18, P=0.82). Treatment group; —e—12;
——18; 22.
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Table 2: Meanz+standard deviation of anogenital distance (AGD) (in mm) over 4 trials.

Trial Mean SD N
1 11,34 1,14 3
2 9,94 1,08 5
3 9,75 0,81 3
4 9,75 0,79 4

Bug method for blood sampling

The average sucking time of the bugs was 17 min (min. 8 min, max. 43 min). On average, 0.5 mL of blood was
collected with N3, 1.3 mL with N4 and 2.1 mL with N5. A total of 101 bugs were used for 90 blood samples (TG12,
n=4, samples=24; TG18, n=6, samples=36; TG22, n=>5, samples=30). After attaching the container, 84.4% of the
bugs immediately stung and started sucking. None of the rabbits showed any swelling or hematoma at the sucking
site of the bugs. In addition, no allergic reactions were documented after repeated blood sampling on the same animal
over the course of two weeks. None of the samples was lost due to clotting. Seven samples had to be discarded due
to severe haemolysis.

DISCUSSION

To our knowledge, this study is the first to determine the concentrations of oestradiol, testosterone and progesterone
during the pregnant-lactating phase of does and analyse their relation with the agonistic behaviour shown in a
previous publication (Braconnier et al., 2020), by the animals used in the three experimental groups. To increase
external validity, the sample of does included different seasons (=trials). As there was no indication that trials or
treatments affected hormonal levels and sample sizes were small, trials and treatments were pooled in the analyses.
This might have led to a low power of this study but at the same time it avoided spurious results, difficult to replicate
on commercial farms.

Hormonal measurements

Testosterone (T)

In comparison to values reported in pregnant-only does of around 250 pg/mL (10 dpreg, with little variation until the
end of pregnancy; Gonzélez-Mariscal et al., 1994), the values of pregnant-lactating does in this study were lower with
145+54.2 pg/mL on 11 dpreg.

Progesterone (P4)

The concentrations of progesterone in pregnant-lactating does were similar to results reported in past studies
(Gonzalez-Mariscal et al., 2009). In both works, P4 increased from 1 to 14 dpreg in PL rabbits and non-significant
changes until day 28.

Oestradiol (E2)

In general, E2 concentrations have been reported to be extremely low in lactating does in the past. Gonzalez-Mariscal
et al. (1994) reported mostly stable E2 levels of 60 pg/mL from day 10 to day 25 of pregnancy in pregnant-only
rabbits, with great variation among individuals. In pregnant-lactating does values around 30 pg/mL have been
measured (Gonzalez-Mariscal et al., 2009). This matches the few values that we were able to detect (data not shown).
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Agonistic behaviour and steroid plasma levels

While the aggressive behaviour during grouping was variable among trials (Braconnier et al., 2020) and is known
to depend on the season (Andrist et al., 2013), the T levels showed little or no variation during the entire pregnant-
lactating phase in all three treatments, trials and groups, as has been shown in pregnant-only does (Gonzalez-
Mariscal et al., 1994). On the other hand, P4 levels were increasing over the course of the pregnant-lactating phase,
but this did not mirror increased aggressive behaviour at grouping: TG18 and TG22 did not show an increased
aggressive behaviour compared to the TG12 group (Braconnier et al., 2020). In domestic European rabbits living
under semi-natural conditions, does react defensively to an approach to their burrow for up to 20 d of lactation (Rodel
etal., 2008). In contrast, Zomefio et al. (2017) stated that late lactation and kits leaving the nest boxes may decrease
intra-female aggression, as has also been shown in rodent model studies (Squire, 2009). However, the time point
of grouping did not affect aggression in does in two experimental studies (Braconnier et al., 2020; Bill et al., 2020).
However, as weaning naturally occurs around 20-28 d postpartum, depending on the current pregnancy state of the
does (Gonzalez-Mariscal and Gallegos, 2014; Hudson et al., 1996, 2000), the later time points of grouping might still
have been too early to reduce aggression. Nevertheless, progressing gestation, similar to early lactation, could cause
an increase in aggression compared to mid- or early gestation, as has been described in mice (Mann and Svare,
1982). Additionally, we cannot exclude that the relatively small sample size and the high individual variation within
treatment groups may have masked possible effects.

Overall, the amount of aggression was highly variable between individuals (Braconnier et al., 2020). This is supported
by other studies on domesticated rabbit does (Rommers et al., 2011) as well as in wild living rabbits (Holst et al.,
2002; Rodel et al., 2006). However, the mean testosterone and progesterone concentrations did not differ between
aggressive and submissive does in our study. This has also been shown in other studies in baboons and lemurs,
where aggressiveness was not related to physiological T levels measured across females (Beehner et al., 2005; von
Engelhard et al., 2000). Nonetheless, another study on reproducing female ibexes found an association between
aggression and testosterone levels (Shargal et al., 2008). For progesterone, the first experiment of Mann et al. (1984)
showed no positive relationship between the P plasma levels of untreated mice and their individual display of fighting.
Past results in rabbits reporting a possible role of P on aggression cannot be related to our present findings, as both of
those works (Hoffman et al., 2009; Palka and Sawyer, 1966) used ovariectomised, oestrogen-primed does, whereas
in our study pregnant-lactating animals had almost undetectable oestradiol levels. Thus, the possibility that P may
promote aggression in the absence of oestradiol, but in the presence of T, needs further investigation.

Indeed, testosterone as well as progesterone concentrations underlie dynamic changes triggered during social
interactions i.e., in response to winning a fight during the day (Wingfield et al., 1990; Davis and Marler, 2003;
Trainor et al., 2004) and they cannot be assessed by blood sampling only once a day. Another complication is that
testosterone is converted to dihydrotestosterone or oestradiol within the brain (Simpson, 2002) and there is growing
evidence that this regulates behaviour as well, including aggression (Takahashi et al., 2018; Trainor et al., 2006).

Anogenital distance

Although the repeatability for the AGD was good (Braconnier et al., 2020), we could not find a correlation between
AGD and P4 or T levels. Possibly, our sample size was again too low to create stable estimates for AGD (Schonbrodt
and Perugini, 2013). In studies on AGD in mice, sample sizes were higher: 89 females used in Drickamer (1996) or
205 females in Palanza et al. (1995).

In the past, it has been shown that higher testosterone exposure in utero causes greater AGD in mice (Albert et al.,
1990) and in rabbits (Banszegi et al., 2012). More recently, a cross-sectional study in women (Mira-Escolano et al.,
2014) found that a correlation between these two parameters still existed in adulthood: AGD was positively associated
with serum testosterone levels, but not with any other reproductive hormones. However, a study on Holstein cows
(Gobikrushanth et al., 2017) was not able to find a similar, significant relationship between these two parameters
when measured in adulthood.

It is likely that these contradictory results may be caused by variation in AGD during the female cycle: one study
(DuSek and Barto$, 2012) found AGD to be variant during a single oestrus cycle in mice. In our earlier study, we
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found a general decrease in AGD for all rabbit does during winter (for more details see: Braconnier et al., 2020).
There, we discussed a possible decrease in receptivity (smaller, non-swollen vulva) during the winter due to a shorter
photoperiod. However, as we were unable to obtain reliable results for oestradiol levels that would cause this effect
(Lebas, 1997; 0’Malley, 2005), we cannot confirm this possibility here. One existing study from Ubilla and Rebollar,
(1995) found no correlation between plasma E2 levels and turgidity or colour of the vulva.

Bug method

The bug method using Dipetalogaster maxima performed well for our purposes. The animals showed no allergic or
pain reaction, similar to what has been reported in other studies (Thomsen and Voigt, 2006; Markvardsen et al.,
2012). Blood extraction from the bug should be done carefully and slowly, as haemolysis otherwise occurs due to an
excessive shearing force. We would recommend the bug method as a valid alternative for regular blood withdrawal
in rabbits. However, while it has already been validated for hormonal measurements in rabbits (Voigt et al., 2004),
significant differences in some clinical and haematological parameters in comparison to the conventional method
have been found. For more details, see (Markvardsen et al., 2012).

CONCLUSION

Testosterone levels showed little variation across the pregnant-lactating phase, corresponding to results from
pregnant-only rabbit studies. Progesterone levels increased from day 3 to day 7 and then remain unchanged until day
13 of pregnancy. They were slightly lower in comparison to pregnant-only rabbit studies. The agonistic behaviour was
not related to the concentrations of either testosterone or progesterone. However, sample sizes used were low and
the study was performed on one commercial farm, only. More studies are needed to determine a possible influence
of steroid and non-steroid hormones on the aggressive behaviour in pregnant-lactating female does. In conclusion,
the hormonal profile, which was not related to the level of aggression in our preliminary study, did not indicate an
optimal time for grouping.
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