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Abstract. The purpose of this study was to assess the relationship between the 
anogenital distance measures on certain reproductive parameters such as scent marking, sexual 
satiety, and testosterone level. 34 animals (22 rabbit bucks and 12 females) aged 6 and 7 months 
with an average weight of 3458 g were used. 54.55% of the males had an anogenital distance 
higher, whereas 45.45% had a lower anogenital distance. The anogenital distance, has 
influenced on scent marking, sexual satiety and testosterone level. There is a very significant 
difference in the scent marking and sexual satiety and a highly significant decrease in scent 
marking (72.74%; p = 0.007) after satiety (51 vs 14). Males with a high number of mounting (4 
to 13) had a high plasma testosterone level compared to less mounting (1 to 3) (9.75-13.5 vs 
2.57-11.33ng /mL). Males with high anogenital distance showed elevated testosterone levels 
(≥13.5 ng /mL). Our results suggest that a longer anogenital distance may predict normal male 
reproductive potential. 
  

 Keywords: Rabbit, scent marking, sexual satiety, androgens, anogenital distance. 
 

INTRODUCTION 

 
Rabbits provide an excellent source of protein for human consumption and may 

play a significant role in solving a part of meat shortage in Algeria. Rabbits are 
characterized by high reproduction ability and short generation interval, so they can 
produce high quantity of meat in a short period. Nonetheless, continuous efforts are 
undertaken to improve the control of breeding and performance of rabbit. In order to 
derive maximum benefit from the particularities of the rabbit species, several studies 
on the zootechnical aspect and the improvement of reproductive performances have 
been carried out. These reproductive performances are influenced by factors that have 
been studied by a large number of researchers. 

 In addition to the genetic factor and environmental factors, anogenital 
distance (AGD), the distance between the anus and the vagina or penis (Hotchkiss and 
Vandenbergh, 2005) is frequently used as a biomarker of natural variation in prenatal 
androgenization and has been proposed as a convenient predictor of intrauterine 
position for behavioral or physiological studies (aggression, reproductive behavior 
and hormone biology) in mice (Vandenbergh and Huggett, 1995, Ryan and 
Vandenbergh, 2002) in rats (Clemens et al., 1978), in gerbils (Clark et al., 1990) and 
in rabbits (Bánszegi et al., 2009). 
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Associations between AGD and different breeding parameters have also been 
investigated. Larger AGD female mice are more aggressive (Vom Saal, 1989) and less 
attractive to males (Rohde - Parfet et al., 1990) than females with shorter AGD and 
rabbit bucks showed a stronger response to scent marks of females with small AGD 
than to marks of females with large AGD (Bánszegi et al., 2009, Kerkoucke et al., 
2013).   

There is a paucity of knowledge on the association of AGD with rabbit buck 
behavior (scent marking, sexual satiety) or testosterone level. However, only 
investigations concerning the association of AGD and testosterone level have been 
recently conducted in men (Eisenberg et al., 2015) but to the best of our knowledge, no 
study has investigated the association of AGD and sexual satiety (it is the point when a 
buck will display a large number of mounts, intromissions, and ejaculations until 
sexual activity ceases). In this study, we investigated whether anogenital distance was 
associated with some reproductive parameters such as sexual, scent marking behavior 
and testosterone level in synthetic rabbit buck, and if AGD would be as a predictor 
of the reproductive parameters.  

 
MATERIAL AND METHOD 

 
 The experiment was carried out at the Rabbitry Unit of the Teaching and 

Research Farm of the University of Blida - 1, Algeria. The animals were over six 
months of age, with an average weight 3458 g. A total of 34 rabbits of synthetic strains 
composed of 22 males and 12 receptive does were used for sexual behavior 
assessment. Animals provided from the ITELV experimental station of Baba Ali. The 
synthetic strain has been formed from the insemination of females of the local 
population by fresh semen of males from the INRA2666 (France). Animals were 
individually housed in galvanized wired cages equipped with commercial feeders and 
nipple drinkers. Fed pelleted commercial feed and water offered ad libitum. All 
animals were healthy and free of any external parasites or skin diseases. 
 Experimental procedure 

Determination of anogenital distance: Anogenital distance was defined as 
the distance from the center of the anus to the distal end of the penis (Bánszegi et al., 
2012). It was measured using stainless-steel digital calipers (Fig. 1). For each male, 
AGD was measured three times by different operators and the average of the three 
observations was calculated. The males were classified according to their average 
AGD in two classes (Drickamer et al., 2001). The first class concerns males with a 
small AGD (which has an AGD equal to or less than the average AGD). In contrast, 
the second class includes males with above-average AGD.   

Behavioral assessment: Figure 2 summarizes the sequences of our 
experimental procedure that will be eventually described in details through each test. 

Scent marking (SM) behavior: Scent marking behavior itself is the marking 
behavior when the chin gland is actively rubbed against specific objects and the 
excretion is smeared on the surface. It was quantified before and after the test of 
satiety. At the start of the experiment, we placed each rabbit male sexually 
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experienced, individually in an empty circular wire meshes enclosure (1 m in diameter 
by 43 cm high) for arena test during 5 minutes for five consecutive habituation days. 
Following their release into the observation arena, 
explosion of running, probably as a result of their prior long periods of confinement in 
small cages. Then in the middle of arena was added 
bricks each (Fig. 3), arranged in a triangle 0.5 m apa
room. When placed in the arena containing the bricks,
freely, sniffing at the floor and sniffing at and rearing up against the wall, or lying 
down in an apparently relaxed posture. Most animals 
chin across the bricks, sometimes leaving clearly visible damp marks from the 
deposited secretion. The number of chin marks made onto of any of these bricks was 
recorded for the following 10 minutes ranged from 0 (just o
et al.,1990, González-Mariscal et al., 1990)
each test with each animal. The bricks were then removed and the stimulus female was 
introduced to begin the sexual satiety test. The scent marking
determined again at the end of the sexual satiety. 
were conducted throughout the day, balancing the number of morning and afternoon 
sessions for each individual.  

Fig. 1. Recording of anogenital distance

 

Fig. 2. (1) Habituation to the arena test; (2) First test scent marking behavior; 

blood taken to measure testosterone; (4) Sexual satiety test for 2 hours; 

taken to measure testosterone; (6) Second test scent marking behavior.
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experienced, individually in an empty circular wire meshes enclosure (1 m in diameter 
5 minutes for five consecutive habituation days. 

Following their release into the observation arena, most rabbits seemed to show an 
explosion of running, probably as a result of their prior long periods of confinement in 

Then in the middle of arena was added three piles of 3 cm terracotta 
arranged in a triangle 0.5 m apart and located in a separate, quiet 

When placed in the arena containing the bricks, rabbit bucks moved around 
freely, sniffing at the floor and sniffing at and rearing up against the wall, or lying 
down in an apparently relaxed posture. Most animals started within seconds to rub their 
chin across the bricks, sometimes leaving clearly visible damp marks from the 

The number of chin marks made onto of any of these bricks was 
ranged from 0 (just once) to up to 100 (Hudson 

Mariscal et al., 1990). Fresh, unmarked bricks were used for 
The bricks were then removed and the stimulus female was 

introduced to begin the sexual satiety test. The scent marking frequency was 
determined again at the end of the sexual satiety. These and all subsequent sessions 
were conducted throughout the day, balancing the number of morning and afternoon 

 
Recording of anogenital distance 

 
First test scent marking behavior; (3) First 

Sexual satiety test for 2 hours; (5) Second blood 

Second test scent marking behavior. 
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Fig. 3. Scent marking behavior in arena

 

Blood Sampling and Determination of Plasma Concentrations of 

Testosterone: Blood samples were collected 
first scent marking test and sexual satiety of e
tubes and were placed immediately on ice box. Plasma was obtained by blood 
centrifugation at 3000 rpm for 20 minutes and stored at 
whether these affected hormone concentrations. Concent
plasma were determined by Enzyme Linked Fluorescent Assay (ELFA) and VIDAS 
testosterone II. The sensitivity of assays for testosterone was 0.05 ng/mL.

Sexual Satiety test: A male was placed in the mating wire
minutes before introducing the female. Thereafter, a first female sexually receptive, 
was introduced into the male’s arena for a period during which the copulatory sexual 
behavior stages were recorded. The buck was allowed to mate 
interest in the doe was shown for 30 minutes
female was removed and replaced by another one, and so on, until the male showed no 
interest in any female for a period of 2 hours 
This change of sexually receptive females was done to maximize the display of the 
buck’s copulatory activity. If the buck showed no interest in the doe for 30 
new one was introduced and, from then until the end of testing. During the 2 h
testing, we quantified the following parameters of male sexual behavior displayed 
towards the female: a) total number of ejaculations performed with females
number of mounts that did not culminate in ejaculation.
biting, scratching or chasing were so rare that we have not considered them here. The 
criterion to establish that a male reached sexual satiety was that it did not show sexual 
activity for 120 minutes after repeated ejaculations. At the end of each test
was thoroughly cleaned. 

Statistical analysis: The statistical significance of the differences is calculated 
using Fisher-Student's '' t '' test. The statistical method was one way ANOVA test. 
Pearson correlation coefficients were calculated to as
measures. Linear regression models were used to determine the relationship between 
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Scent marking behavior in arena containing the bricks 

Blood Sampling and Determination of Plasma Concentrations of 

Blood samples were collected on two subsequent occasions after the 
of each animal from ear vein into heparinized 

tubes and were placed immediately on ice box. Plasma was obtained by blood 
centrifugation at 3000 rpm for 20 minutes and stored at -20°C until analysis to test 
whether these affected hormone concentrations. Concentrations of testosterone in the 
plasma were determined by Enzyme Linked Fluorescent Assay (ELFA) and VIDAS 
testosterone II. The sensitivity of assays for testosterone was 0.05 ng/mL. 

A male was placed in the mating wire-mesh arena for 5 
Thereafter, a first female sexually receptive, 

was introduced into the male’s arena for a period during which the copulatory sexual 
were recorded. The buck was allowed to mate ad libitum until no 

utes (Jiménez et al., 2012). At this point, the 
female was removed and replaced by another one, and so on, until the male showed no 

 (criterion used to establish sexual satiety). 
This change of sexually receptive females was done to maximize the display of the 
buck’s copulatory activity. If the buck showed no interest in the doe for 30 minutes, a 
new one was introduced and, from then until the end of testing. During the 2 hours of 

we quantified the following parameters of male sexual behavior displayed 
female: a) total number of ejaculations performed with females, b) total 

number of mounts that did not culminate in ejaculation. Aggressive behaviors such as 
biting, scratching or chasing were so rare that we have not considered them here. The 
criterion to establish that a male reached sexual satiety was that it did not show sexual 
activity for 120 minutes after repeated ejaculations. At the end of each test, the arena 

The statistical significance of the differences is calculated 
Student's '' t '' test. The statistical method was one way ANOVA test. 

Pearson correlation coefficients were calculated to assess the relationship of genital 
measures. Linear regression models were used to determine the relationship between 
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genital measures, scent marking and sexual satiety and other parameters under study. 
All data were analyzed with the PAST statistical packag
± SD (Standard Deviation). 

 

RESULTS AND D

 

Classification of males according to their AGD.

according to their mean AGD is reported in Table 1. The mean AGD (AGDA) for the 
males used in our experiment was 22.98 ± 1.98 mm. 
larger (AGDL) with  average AGDL = 24.50 ± 0.75 mm  against 45.45% of  the males 
having an AGD smaller (AGDS) with average AGDS = 21.16 ± 1.26 mm.

Classification of males according t

AGD (mm) AGD1 AGD2
Rabbit (n=22) 23.44 ± 2.22 22.78 ± 2.54
AGDL (n=12) 24.96 ± 1.58 24.47 ± 1.75
AGDS (n=10) 21.63 ± 1.29 20.76 ± 1.74

AGDL: Large anogenital distance; AGDS: Small anogenital distance

 

Effect of AGD on scent marking before and after sexual satiety test

relationship between the male rabbit's AGD and its scent marking is illustrated in Tab
2 and Figure 4. Our results indicate that males with large AGD score more in their 
territory compared to males with a small AGD. The relationship between the male 
rabbit's AGD and its scent marking is positive with a low correlation coefficient (r = 
0.26). 

AGD classification of males according to first and second scent marking (SM1, SM2)

 AGDA (mm) First scent marking (min)     Second scent marking (min)

AGDL 24.50 ± 0.75 67.50 ± 43
AGDS 21.16 ± 1.26 31.20 ± 17

Fig. 4. Relationship between the male rabbit's AGD and its SM
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genital measures, scent marking and sexual satiety and other parameters under study. 
All data were analyzed with the PAST statistical package. Data are presented as means 

DISCUSSIONS 

Classification of males according to their AGD. The classification of males 
according to their mean AGD is reported in Table 1. The mean AGD (AGDA) for the 

r experiment was 22.98 ± 1.98 mm. 54.55% of the males had an AGD 
larger (AGDL) with  average AGDL = 24.50 ± 0.75 mm  against 45.45% of  the males 
having an AGD smaller (AGDS) with average AGDS = 21.16 ± 1.26 mm. 

Table 1. 

Classification of males according to their AGD (mean ± SD) 

AGD2 AGD3 AGDA 
22.78 ± 2.54 22.72 ± 2.04 22.98 ± 1.98 
24.47 ± 1.75 24.07 ± 1.26 24.50 ± 0.75 
20.76 ± 1.74 21.10 ± 1.56 21.17 ± 1.26 

Small anogenital distance; AGDA: Average anogenital distance. 

Effect of AGD on scent marking before and after sexual satiety test: The 
relationship between the male rabbit's AGD and its scent marking is illustrated in Table 
2 and Figure 4. Our results indicate that males with large AGD score more in their 
territory compared to males with a small AGD. The relationship between the male 
rabbit's AGD and its scent marking is positive with a low correlation coefficient (r = 

Table 2. 

AGD classification of males according to first and second scent marking (SM1, SM2) 

First scent marking (min)     Second scent marking (min) 

50 ± 43.36                                   14.00 ± 25.76 
20 ± 17.45                                   13.80 ± 11.51 

 
Relationship between the male rabbit's AGD and its SM 
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Relationship between sexual satiety of rabbits and the scent marking: The 
variation of the  scent marking as a function of the satiety of the males is presented in 
figure 5. Our results indicate that there is a very significant difference in the variations 
of the scent marking of males according to their satiety. There is a highly significant 
reduction in scent marking (72.74%, p = 0.007) after satiety. 

 

 
(BSAT: Before satiety, ASAT: After satiety) 

Fig. 5. Variation of scent marking according to sexual satiety of rabbits  

(72.74%, p= 0.007) 

 

Effect of AGD on sexual behavior of males during the sexual satiety test: 
The sexual behavior of males to females inside the arena for a period of 2 hours was 
observed for each male  and shown in Table 3 and illustrated in Figure  6. Males with a 
large AGD have a greater tendency to mount females (94%) and ejaculate (100%) and 
significant displaying mounting, in contrast to males with small AGD who showed a 
low sexual activity. Rabbits began urination a few minutes after they entered the 
observation enclosure. In addition, the frequency of urination during observations 
periods was often quite high. In AGDS, rabbits eventually developed the behavior 
pattern of spraying urine (80%) compared to AGDL who did develop spraying only 
(16%). In our investigation, we registered 40% of rabbits AGDS expressing behavior 
of shyness. In contrast, it is totally absent in rabbits AGDL. There is a highly 
significant reduction in scent marking (72.74%, p = 0.007) after satiety and these 
results are similar to those reported by González-Mariscal et al. (1997) who showed 
that ad libitum copulation significantly reduced the frequency of marking in all males 
at 2 hours after the last ejaculation and the marking frequency was reduced by 
approximately 70%. This effect was evident in all tests, regardless of their duration or 
the number of copulation events that were observed. Consistent with previous reports 
(Verberne and Blom, 1979, Martínez-Gómez et al., 1997) animals usually started 
marking immediately they were placed in the arena, with the most active animals 
sometimes marking more than 100 times during a 10 minutes test. The same 
observations have been described by González-Mariscal et al. (1992), in intrinsic 
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regulatory mechanisms in the expression of male rabbit sexual behavior. Indeed, some 
males needed more than one female to reach sexual satiety on the fir
and even males never required more than 3 females. As scent marking has been 
reported to be closely related to males' willingness to copulate (González
al., 1992), our results suggest that males are equally motivated to engag
activity at the beginning of the tests even if they are not able to reach ejaculation. 

The function of urine in scent-marking in rabbits has not been investigated in 
detail previously although several authors have mentioned enurination of the 
the male in sexual behavior. Mykytowycz (1970) indicated that urine functions in 
territorial marking. The frequency of urination in general and the spraying of urine in 
the observation arena suggest scent-marking, although factors such as stress 
be excluded from our test situation. However, if urination were due to stress, one 
would expect the frequency to decline with repeated visits to the observation arena, 
which did not occur.  

For both males and females, longer AGDL is correlated wi
physiology, morphology and behavior, whereas
feminized phenotype (e.g. guinea pig), (Phoenix, 2009) and house mice
Vandenbergh 2002). Male house mice with shorter AGDS are often less competitive 
intrasexual interactions than males with longer AGDL (
in competitions for resources or territories (Godsall et al., 2014). 
rats is associated with various reproductive tract abnormalities including hypos
abnormal testicular descent and decreased testicular volume (

Effect of AGD on  sexual beha

Rabbit buck (n=22) Mounting (%)       Shyness (%)

AGDL (n=12) 94 
   AGDS   (n= 10) 71 40

 

Fig. 6. Relationship between AGD and sexual behavior
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100%

Mounting Shyness Urination

%
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regulatory mechanisms in the expression of male rabbit sexual behavior. Indeed, some 
males needed more than one female to reach sexual satiety on the first hour of testing 
and even males never required more than 3 females. As scent marking has been 
reported to be closely related to males' willingness to copulate (González-Mariscal et 
al., 1992), our results suggest that males are equally motivated to engage in sexual 
activity at the beginning of the tests even if they are not able to reach ejaculation.  

marking in rabbits has not been investigated in 
detail previously although several authors have mentioned enurination of the female by 
the male in sexual behavior. Mykytowycz (1970) indicated that urine functions in 
territorial marking. The frequency of urination in general and the spraying of urine in 

marking, although factors such as stress could not 
be excluded from our test situation. However, if urination were due to stress, one 
would expect the frequency to decline with repeated visits to the observation arena, 

For both males and females, longer AGDL is correlated with masculinized 
physiology, morphology and behavior, whereas shorter AGDS are associated with a 

Phoenix, 2009) and house mice (Ryan and 
. Male house mice with shorter AGDS are often less competitive in 

intrasexual interactions than males with longer AGDL (Drickamer, 1996), particularly 
in competitions for resources or territories (Godsall et al., 2014). A shortened AGD in 
rats is associated with various reproductive tract abnormalities including hypospadias, 
abnormal testicular descent and decreased testicular volume (Gray et al., 2001). 

Table 3 

Effect of AGD on  sexual behavior of males 

Mounting (%)       Shyness (%) Urination (%) Ejaculation (%) 

0 16 100 
40 80 60 

 
Relationship between AGD and sexual behavior 

Urination Ejaculation

AGDL

AGDS

Sexual behavior of males
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Relationship between testosterone levels, AGD and scent marking: Our 
results indicate that males with AGDL have a high testosterone levels (9.75 to 13.5 
ng/mL) and are the ones who score more in their territory compared to males with 
AGDS who have low testosterone levels (2.75 to 11.33 ng/mL). A positive correlation  
was established between scent marking and testosterone and  between AGD and 
testosterone,  by an averaged correlation coefficient (r = 0.43; 0.31 respectively). The 
results are shown in Table 4 and illustrated in figures 7 and 8. Testosterone levels 
correlated positively with the frequency of scent marking (Arteaga et al., 2008). Nor is 
it clear if the positive correlation found between concentrations of serum testosterone 
and frequency of scent marking was due to the action of testosterone itself, or rather to 
one or more of its metabolites as has been shown in previous studies (Girolami et al., 
1997). Taken together, the present results are consistent with reports that in wild 
rabbits scent marking by males is associated with territoriality and social dominance 
(Hayes et al., 2002). Our results are thus consistent with reports that castration reduces 
or eliminates scent marking in rabbits while testosterone replacement restores it 
(González-Mariscal et al., 1993) and showed that in addition to reduced anogenital 
lengths, rodents exposed to certain phthalates, which are known to suppress fetal 
androgen levels, had altered testicular size and Sertoli cell function. Foster et al. 
(2001), reported that exposure of developing rats to di-n-butyl phthalate (DBP), an 
antiandrogen, led to reproductive tract anomalies, reduced anogenital distance, and 
impaired testosterone production. Furthermore, Swan et al. (2005) demonstrated that 
male infants of mothers exposed to increasing levels of known endocrine disruptors 
had shorter anogenital lengths suggesting an impairment of in utero male genital 
development. Moreover, Hsieh et al. (2008) studied young boys undergoing elective 
urological surgery and showed that boys with more severe genital anomalies (i.e. 
hypospadias and cryptorchidism) had significantly shorter anogenital lengths compared 
to boys with no genital anomalies. 

Table 4. 

Effect of Testosterone on AGD and scent marking  

(Values expressed in mean±standard deviation) 

 
AGDA (mm) 

 Scent marking (min) 
Testosterone (ng/mL) 

Before  After  

AGDL = 24.50 ± 0.75 67.5 ± 43.36 12.03 ± 1.80 1.02 ± 0.45 

AGDS =  20.90 ± 1.29 38.25 ± 8.66 8.35 ± 4.94  0.51 ± 0.15 

 
Males with large AGD have a high testosterone levels (13.5/ mL), our results 

are consistent with the recent findings demonstrated by Nerli et al. (2018) in human 
studies. They clearly showed an association between AGD and serum testosterone 
levels. Eisenberg et al. (2015) were the first to report an association between perineal 
length and androgen levels in men. They believe that AGD may predict normal 
genital development in men and, therefore, could provide a novel metric to assess 
testicular function. Nerli et al., (2018) and Mira-Escolano et al. (2014) showed that 
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longer AGD was significantly associated with higher serum test levels in young 
women and was the first study to report an association between AGD measures and 
levels of reproductive hormones in women. In utero exposure to agents that interfere 
with the action of androgens in male rodents induced genital development disorders, 
involving, lower testosterone levels and shorter AGD in adults (Macleod et al., 2010).  

 

 
Fig. 7. Relationship between SM and testosterone levels (r = 0.43) 

 
Fig. 8. Relationship between AGD and testosterone level (r = 0.31) 

 
 

Effect of plasma testosterone on sexual satiety. Testosterone: Our results 
indicate that the level of plasma testosterone has a very important effect during the 
satiety of males. Males having made a mounts with ejaculations (4 to 13) have a very 
high testosterone plasma level (13.5 ng/mL), the males having made a smaller number 
of ejaculations (1 to 3) have a plasma testosterone level (2.57 ng/mL). Figure 9 clearly 
shows a drastic drop in testosterone levels at the end of satiety with a very significant 
difference  (81.88%, p = 0.0001). 
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TES B: Testosterone before satiety; TES A: Testosterone after satiety 

Fig. 9. Variation of testosterone during sexual satiety 

 

CONCLUSIONS 

 
Our work is the first study showing an association between AGD, scent 

marking, sexual satiety behavior and testosterone concentrations in rabbit male 
synthetic strain. Perhaps the most interesting and to our knowledge new aspect of the 
present findings is that clear to make a comparative study between rabbit synthetic 
strain and local population and show differences in scent marking and other 
dominance-associated behaviors apparent among individuals. Which might suggests 
differences either in the animals' genetic make-up, differential exposure to hormones 
associated with intrauterine position as has been established for various rodent species. 
Moreover, the current method of AGD measurement in rabbit synthetic strain or local 
population has not been studied, thus its accuracy and reproducibility were difficult to 
assess other than the performed comparison of measurements between investigators. 
Future studies are necessary to compare techniques for measurement as well as other 
anatomic locations of the AGD measurement. Our study may help in establishing a 
relationship between AGD and testicular function in rabbit adults and predicting sperm 
production. 
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