VARIABLES AFFECTING SEMEN QUALITY AND ITS RELATION TO FERTILITY IN THE DOG: A RETROSPECTIVE STUDY.
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Abstract
Although semen analysis is routinely used to evaluate the male reproductive potential in the canine species, only a few authors attempted to relate semen characteristics to donors traits, such as age or weight, and fertility. The aims of this study were to evaluate the effect of dogs’ age (young: 0-24 months, adult: 25-84 months, old: >84 months), size (small: <15 kg, medium: 16-40 kg, large: >40 kg) and reason for semen collection (suspected subfertility/infertility, artificial insemination, semen cryopreservation or research purposes) on seminal characteristics and to relate main seminal characteristics with fresh AI results.
Overall, 251 semen examinations were performed from 140 dogs presented between 2000 and 2015 at the University of Pisa Veterinary Teaching Hospital. Conventional semen parameters (semen volume, sperm concentration and total number, subjective motility and sperm morphology) were evaluated. 
Overall, samples containing spermatozoa were 226 (90.0%). Azoospermic samples were arising from complete (n=13, 9 dogs, 6.2%), or incomplete ejaculations (n=11, 8 dogs, 5.5%), based on seminal ALP concentration and/or ancillary examinations. 
Reason for semen collection had a significant effect on semen volume, , and on sperm total number and concentration. The proportion of normal spermatozoa was lower in dogs presented for semen evaluation (P<0.05). 
Dog size affected ejaculate volume and total sperm number, lower in small dogs compared to medium (P<0.01 and P<0.05, respectively) and large sized ones (P<0.01). 
Age had no influence on volume, sperm number or motility. The proportion of normal spermatozoa was higher in young animals than in old ones (P<0.05). Midpiece defects were in a significantly higher proportion in old dogs compared to young ones (P<0.01). 
Total sperm number, motility and proportion of morphologically normal spermatozoa in the semen used in AIs resulting in a pregnancy were 627.6x106, 83.9% and 64.9%, respectively, significantly higher than in the unsuccessful AIs, where they were 389.4x106, 66.5% and 42%. In conclusion, age, size and reason for semen collection affect main sperm parameters and fertility and must be taken into due consideration during routine semen evaluation. 


1. Introduction 

Owners often require a semen evaluation of their dogs either at the beginning of their reproductive career, when showing a decreased fertility, or if intended for semen cryopreservation. Moreover, to perform a semen evaluation on samples collected for fresh semen artificial insemination (AI) is advisable. Conventional analysis includes the evaluation of ejaculate volume, sperm concentration, motility and morphology, and eventually of cytology, alkaline phosphatase, and bacteriology [1]. New techniques for semen evaluation are available [2], their use in clinical settings is however often unpractical and/or too expensive. Despite characteristics of canine ejaculates have been the subject of a number of studies, only a few Authors attempted to relate them to donors traits, such as age or weight.
In humans, male age is related to changes in semen parameters. Specifically, increased age is associated with a decrease in semen volume and in sperm motility, with no consistent effect on sperm concentration [3, 4, 5]. Sperm morphology appears also to be affected, with a decrease in percent normal sperm of 4%–18%, observed comparing 30-years-old men to 50-years-old men [4]. The underlying cause of the age-related decline in semen quality has not been clearly identified, as confounding factors are almost impossible to differentiate. The pathophysiological mechanism is very likely influenced by a number of co-factors associated with age, e.g. obesity, accessory gland dysfunction, vascular diseases, chronic infections, accumulation of toxic substances or systemic co-morbidities [6]. In dogs, unlike in humans, studies are scarce and age was not shown to consistently affect classical sperm parameters, while it influenced the morphology of spermatozoa [7,8].
Dog breeds are numerous and cover a wide range of sizes. A correlation between body weight and total number of spermatozoa has been reported, while differences in morphofunctional characteristics between breeds and sizes are still debated in this species [7, 8, 9].
The relationship between main characteristics of native canine semen and fertility, has been the subject of a very small number of studies. Mean seminal parameters are poor predictors of male fertility potential in man [10, 11] and the same seems to be valid for the stallion [12, 13], the bull [14, 15], the boar [16] and the dog [17]. Nevertheless, spermatozoal morphology seemed to influence the outcome of canine breedings [17]. 
The aims of this study were 1) to evaluate the proportion and origin of azoospermic ejaculates; 2) to evaluate the effects of the dogs’ size and age, and the reason for semen collection on seminal characteristics; 3) to relate mean seminal characteristics with fresh semen AI results.


2.  Materials and Methods

2.1 Animals

Overall, 251 semen collections were performed from dogs of different ages and breeds presented at the today’s Veterinary Teaching Hospital of the University of Pisa between 2000 and 2015. Semen collections were required by the owners for semen evaluation (EVAL: beginning of reproductive career, suspected subfertility/infertility, other), artificial insemination (AI), semen cryopreservation (CRYO), or were done for research purposes (RES: for semen cryopreservation studies, approved by the Ethical Committee of the Pisa University). An informed consent on the use of collected samples’ data was obtained by the owners.

2.2 Semen collection and evaluation

Semen was collected by manual stimulation, occasionally with the aid of a collection cone, in a single vial, having as a main aim the collection of the entire sperm (second) fraction. The volume of first and third prostatic fractions collected, however, varied. Semen parameters were evaluated as follow: volume by using graded tubes, sperm concentration with the aid of a Thoma counting chamber, subjective motility observing at least two drops of semen under a phase-contrast microscope equipped with a warmed stage (37°C). Sperm morphology was evaluated by the same operator, on smears stained with either Eosin-Nigrosin (2000-2001) [18], Bengal Rose - Fast Green (2002-2005) [19] or Spermac Stain® (2006-2015, Minitube, Germany) [20]. Two-hundred spermatozoa were classified as either normal or showing morphological defects. Defects were either normal detached heads or involved the head (pear shaped, narrow at the base, abnormal contour, undeveloped, narrow, of variable size or abnormal loose heads, abaxial insertion of the tail), the acrosome, the midpiece (proximal and distal cytoplasmic droplet, other midpiece defects) or the tail (simple bent, curled under or around the head, double folded). All defects of a sperm cell were counted. Cytology was evaluated on Diff-Quik® stained smears. Alkaline phosphatase (ALP) was evaluated by a kinetic method with a spectrophotometer at the temperature of 37°C and adsorbance 405 nm (SEAC RADIM GROUP, Calenzano; ASSEL, Roma). When needed, samples were diluted 1:10 in distilled water prior to ALP evaluation, and ejaculates were considered complete when ALP >4000 U/L. 

2.3 Statistical analyses

Although an overall mean and standard deviation of the parameters is initially presented, to avoid that single dogs with high number of ejaculates evaluated would have a relevant influence on the results, mean values for each dog were used for statistical analyses. Thirteen dogs were collected at least once in different age groups, and a mean for each age group was used in the analyses. Data were evaluated for normality by the Anderson Darling test and if not normally distributed were subjected to the Box Cox or the Johnson transformation prior to the analyses. The effect of the reason for semen collection (AI, EVAL, CRYO, RES), the dog’ size (small: <15 kg, medium: 16-40 kg, large: >40 kg), and the age (young: 0-24 months, adult: 25-84 months, old: >84 months) on seminal characteristics were evaluated, in the samples with spermatozoa, by analysis of variance (General Linear Model), and when an effect was observed post-hoc analyses were performed by Tukey’s pairwise comparisons. If the attempt to normalize the distribution of the data was not successful, Kruskas Wallis tests were employed. The two sample t-test was used to evaluate the differences between the ejaculates used for successful or unsuccessful AIs. Values are shown as means ± standard deviation. Differences are considered statistically significant when P<0.05. Analyses were performed with the statistical software Minitab 17.1.

3. Results

The dogs belonged to 49 different breeds, and two dogs were mixbreed. The most represented breeds were Basset Hound (13 dogs) and Rough Collie (20 dogs). The other breeds represented were: Boxer (n=8), Dobermann and Labrador Retriever (n=7), Border Collie (n=6), Pyrenean Mountain Dog, Cocker Spaniel, English Setter and West Highland White Terrier (n=4), Bernese Mountain Dog, Great Dane, Maremma-Abruzzese Sheepdog, Segugio Maremmano and Siberian Husky (n=3), Corso, Dachshund, English Pointer, Leonberger, French Bulldog, German Shepherd, Golden Retriever, Bearded Collie, Neapolitan Mastiff, Epanieul Breton, Cavalier King Charles Spaniel, Rottweiler (n=2), Afghan Hound, Alaskan Husky, Giant Schnauzer, Alpine Dachsbracke, American Bully, American Staffordshire Terrier, Australian Kelpie, Australian Shepherd, Manchester Terrier, Newfoundland Dog, Portuguese Water Dog, Caucasian Shepherd Dog, Rhodesian Ridgeback, Scottish Terrier, German Shorthair Pointer, St. Bernard, Dogo Argentino, Standard Poodle, English Bulldog, Tervuren Belgian sheepdog, Toy Poodle, Zwergpinscher (n=1). Mean age of the dogs at collection was 59.1 ± 31.6 months (range: 8-168). Overall, samples containing spermatozoa were 226 (90.0%). Azoospermic samples were classified in two categories: from complete (n=13, 9 dogs, 6.2%), or incomplete ejaculations (n=11, 8 dogs, 5.5%), based on seminal ALP concentration, (36,601±44,615 U/L and 91.7±106.4 U/L, respectively) and/or on the results of successive semen collections or ancillary examinations. Only 2/17 of these dogs were older than 7 years.
In the samples containing spermatozoa, mean values for volume, sperm concentration, total number of spermatozoa and subjective motility of the ejaculates with sperm cells were 4.4±2.5 ml, 164.7±131.4x106/ml, 558.5±362.2x106 and 75.3±20.3%, respectively. The proportion of morphologically normal spermatozoa was 53.2±28.25% (n=201). 
The summary values of volume, sperm concentration, total sperm number and subjective motility in relation with the reason for semen collection, size and age are shown in Table 1. Reason for semen collection significantly affected ejaculate volume, higher in the AI group than in the others (P<0.05), sperm concentration, lower in the AI and EVAL groups compared to CRYO (P<0.001) and RES (P<0.05) samples, and total number, higher in CRYO than in EVAL (P=0.05). 
Dog size had a significant effect on volume of the ejaculate and total sperm number, lower in small dogs compared to medium (P<0.01 and P<0.05, respectively) and large (P<0.01) sized ones. Age had no influence on semen volume, sperm concentration, total number or subjective motility.
Sperm morphology was evaluated in most cases on smears stained with Spermac’s stain (183/201 of the ejaculates, 91.0%). A summary of the results is shown in Table 2. The proportion of normal spermatozoa was higher in young animals compared to old ones (P<0.05) and was lower in dogs presented for semen evaluation than in the CRYO (P<0.05) or in the AI and RES groups (P<0.001). Dogs in the RES group showed a higher proportion of morphologically normal spermatozoa also compared to dogs in the CRYO (P<0.01) and AI (P<0.05) groups.
Size had no influence neither on the proportion of normal spermatozoa, nor on the single sperm defects evaluated. Midpiece defects were present in a higher proportion in old dogs compared to young or adult ones (P<0.01), and specifically there were significantly more proximal droplets in the old animals (22.1±27.1%) than in the young (3.8±15.2%) or adult ones (5.5±12.6%) (P<0.01). The distribution of the proportion of spermatozoa with proximal droplets against the age of the donor’s dogs at sampling is shown in Figure 1.
Total midpiece defects were affected also by the reason for semen collection: the RES group had a lower proportion of these defects compared to the AI (P<0.05) and other groups (P<0.001), and AI samples had a significantly lower proportion than CRYO and EVAL ones (P<0.05 and P<0.001, respectively, Table 2). Proportion of proximal cytoplasmic droplets followed a similar pattern, being in a significantly lower proportion in RES (0.7±1.1%) compared to all others (AI: 6.0±14.8; CRYO: 8.8±17.0; EVAL: 17.6±25.4; P<0.05, P<0.01 and P<0.001, respectively), and in AI compared to EVAL (P<0.01). In the RES dogs also distal cytoplasmic droplets were in a lower proportion (1.0±2.2%) than in the EVAL or AI groups (2.3±3.5 and 3.5±7.0%; P<0.05).
Total head and acrosome defects were not significantly different in the groups. The overall tail defects had a higher frequency in the EVAL than in the RES and the AI groups (P<0.05). 
Of the 63 bitches inseminated with fresh semen, 45 (71.4%) whelped and 16 did not. For two bitches there is no follow up. Total sperm number, motility and proportion of morphologically normal spermatozoa in the semen used in AIs resulting in a pregnancy were 627.6±337.9x106, 83.9±10.4% and 64.9±22.3%, significantly higher than in the unsuccessful AIs, where they were 389.4±292.6x106, 66.5±25.6% and 42.0±30.3% (P=0.012, 0.022 and 0.024, respectively). Sire’s age was not significantly different in successful and unsuccessful AIs (Table 3).


4.  Discussion

Mean values for semen volume and for sperm concentration, total number and motility were within what is considered normal for the dog [1, 21] although there was a wide individual variation. Mean proportion of morphologically normal spermatozoa, however, was lower than 60% (considered the limit between normal and subnormal samples [17]) in all groups, except for the dogs under two years of age and those chosen for research. This low proportion of spermatozoa classified as morphologically normal can recognize several explanations. One reason could be the different operators evaluating the samples, or the use of microscopes or staining methods with different accuracies [22]. Furthermore, the poor consideration of reproductive performances among breeding selection criteria and the frequent use of assisted reproduction techniques may have led to a reduction in the average seminal quality in the canine population.
It was not possible to formulate a definitive etiologic diagnosis for most of the azoospermic dogs. Among the pre-testicular and testicular azoospermia cases (high ALP), however, there was a young dog affected by secondary hypothyroidism, while among the post-testicular cases there was a suspected bilateral aplasia of the epididymis (diagnosed by ultrasound examination and fine needle aspiration of the testes only) and a blockage of the epididymis following an orchi-epididymitis. The palpation has proven to be a highly sensitive technique; in all true azoospermic dogs, the clinician reported the presence of alterations such as a decrease in the volume and consistency of the testes. Although azoospermia from testicular origin can be due to ageing, in our small group of dogs with high ALP age was lower than 6 years in 6 out of 9 cases.
Reason for semen collection depended on the owner’s concern and may have influenced the clinician approach to semen collection. Semen volume and sperm concentration, for instance, were influenced by the reason for semen collection: volume was higher and concentration was consequently lower when samples were intended to be used for fresh semen AI. . This difference cannot be ascribed to the dogs, but to the operator, which chose the amount of prostatic fraction to retain in relation to the use of the sample. The other parameters evaluated, however, should have not been influenced by the clinician’s choice during collection. The lowest proportion of normal spermatozoa was observed in the dogs presented for semen evaluation, thus often already suspected of sub-fertility or infertility by the owner. Furthermore, motility was lower in this group of dogs, compared to the other groups. As already demonstrated in several species, the high rate of morphological defects may result in lower sperm motility [20, 23, 24]. According to Goericke-Pesch and Failing 2012, there is a positive correlation between percentage of sperm with normal acrosome identified by Spermac® staining, % of morphologically normal sperm, live spermatozoa and percentage of progressively motile sperm. A significant positive correlation was found also between percentage of membrane-intact sperms with curled tails in HOS test and the percentage of progressively motile sperm, suggesting the close relationships between morphological anomalies, membrane integrity and ability to move with a rapid, progressive, forward motion of the spermatozoa [8]. This finding may suggest that subfertile dogs, as it may be expected, have a lower proportion of motile and morphologically normal spermatozoa. The observation of the present study that both motility and morphology differed between samples used for AI resulting in a pregnancy or not (Table 3) seems to confirm this hypothesis.
Size, as expected, affected volume and total sperm number but no difference was seen regarding motility and morphology. This results are in contrast with what reported by Dahlbom et al. who hypothesized a lower semen quality in giant breeds [9]. However, the large breed dogs included in this study were not all belonging to those that may be considered “giant”. Rijsselaere et al (2007) found a close correlation between body weight and sperm curvilinear velocity as evaluated by the Hamilton-Thorne Sperm Analyser, and suggested a lower intrinsic velocity of spermatozoa of large-breed dogs [7]. In the present study, however, we could not appreciated differences in motility between sizes, using a subjective method for its assessment.
Age has been considered a factor affecting semen quality in several species. In humans, with advancing age, a decrease of ejaculate volume, sperm number [25, 26], sperm motility [5] and normal sperm morphology [27, 28] is reported. This decline in semen quality has been partly related to tissue degenerative alterations that impact on histological architecture of testis and epididymis and consequently on spermatogenesis and sperm maturation [29, 30].
In human medicine there is a growing interest in the connection between the alterations of conventional seminal parameters, which are easily observable, and modifications, linked to them, involving the cell membrane of spermatozoa and chromatin integrity. These modifications, though more difficult to detect, are strictly connected with the decreased fecundity and the increased risk for disturbed pregnancies observed with advancing paternal age [3, 6].
Semen volume, sperm concentration, total number and subjective motility did not consistently show to decrease with aging in the present study. Furthermore, pregnancy rates did not seemed to be affected by age. This differs from the findings of Goericke-Pesch and Failing (2012), which reported a negative correlation between age and total sperm number, percentage of progressively motile sperm and live spermatozoa [8]. In contrast, Rijsselaere (2007) described that the correlations between age and the above evaluated sperm parameters were low and not significant [7]. It can be expected, with advancing age, that in the male dog as in men there might be a decrease in fertility associated with a worsening of conventional seminal parameters. Such aging of the male reproductive system in man tends to turn out belatedly and it is slower than that observed in the female [31]. Thus, the age of 7 years used in the present study to define an aged dog may not be adequate to allow for the deterioration of the classical seminal parameters. Nevertheless, sperm morphology appeared to be influenced by age: The proportion of normal spermatozoa decreased and the proportion of proximal droplets and midpiece defects increased in older dogs. This finding is in agreement with what reported in previous studies in the dog [7, 8] but also in other species i.e cows [32], horses [33], pigs [34], ferret [35] and men [27, 28].
The main change with advancing age was the appearance of a high proportion of spermatozoa with proximal cytoplasmic droplets. Bull and stallion ejaculates with high incidence of proximal droplets are known to have low fertilizing potential [18, 36]. In the semen of mature bulls proximal droplets are considered to be a sign of abnormal spermiogenesis, indicative of a degenerative process of the seminiferous epithelium or abnormal epididymal function [18, 35]. It has been reported repeatedly how this sperm defect can be associated with infertility also in the dog [38, 39, 40], although to our knowledge it was never associated with ageing. Peña et al (2007) showed how dog sperm with proximal cytoplasmic droplets seem to lack normal capacitating ability in vitro, because of a reduced capacity to bind to the zona pellucida of canine oocytes [40]. It can thus be hypothesized that the increase of this abnormality seen with age in the dogs of the present study, may derive from a senile testicular or epididymal degeneration and this should be investigated further. 
5.  Conclusions

Relations between canine semen quality, age and fertility were shown. Although it has to be clearly explained to the owners that a semen evaluation cannot predict with certainty the fertility of a dog, this retrospective study shows how the conventional semen examination is still useful in in identifying deviations from normality.
Furthermore, the present results show how ageing affects sperm morphology, especially that of the midpiece. Studies are needed to elucidate the mechanisms of reproductive tract ageing in dogs. 





Table 1
Volume, sperm concentration, total sperm number and subjective motility in relation with the reason for semen collection, size and age (Mean ± s.d.) .

	
	Volume
(ml)
	Sperm concentration (x106)
	Total sperm number 
(x106)
	Subjective motility
(%)

	Cryopreservation
	3.73±2.62b
(n=18)
	297.8±226.3 a
(n=18)
	683.1±357.5 a
(n=18)
	75.1±14.8
(n=18)

	AI
	5.21±1.99a
(n=48)
	123.5±81.6 b
(n=48)
	564.0±340.0
(n=48)
	76.6±20.7
(n=47)

	Research
	3.48±1.96b
(n=26)
	206.5±95.4 a
(n=26)
	647.8±428.6
(n=26)
	83.4±8.9
(n=26)

	Evaluation
	4.28±3.03b
(n=46)
	132.0±101.2 b
(n=46)
	453.6±326.0 b
(n=46)
	69.4±24.8
(n=45)

	ANOVA
	P<0.001
	P<0.001
	P<0.05
	P>0.05

	Large size
	5.34±2.49 b
(n=31)
	164.4±146.1
(n=31)
	692.6±464.3 b
(n=31)
	69.3±24.3
(n=31)

	Medium size
	4.24±2.57 b
(n=93)
	166.6±125.4
(n=93)
	551.3±324.8 b
(n=93)
	77.9±18.0
(n=91)

	Small size
	3.22±1.52 a
(n=14)
	153.2±146.3
(n=14)
	309.6±169. 9 a
(n=14)
	71.4±23.2
(n=14)

	ANOVA
	P<0.01
	P>0.05
	P<0.01
	P>0.05

	[bookmark: OLE_LINK1]Young
	4.24±1.99
(n=29)
	169.4±105.1
(n=29)
	577.2±322.1
(n=29)
	77.3±20.4
(n=29)

	Adult
	4.79±2.86
(n=74)
	151.4±106.9
(n=74)
	572.5±395.4
(n=74)
	74.3±22.7
(n=72)

	Old
	3.65±2.00
(n=35)
	188.8±187.1
(n=35)
	513.4±323.6
(n=35)
	75.7±14.6
(n=35)

	ANOVA
	P>0.05
	P>0.05
	P>0.05
	P>0.05


Values with different superscripts within the same column and group of variables are statistically different (a≠b, c≠d; P < 0.05). 


Table 2 
Volume, sperm concentration, total sperm number and subjective motility in relation with the reason for semen collection, size and age (Mean ± s.d.) .


	

	Head defects
(%)
	Acrosome defects 
(%)
	Midpiece defects 
(%)
	Tail 
defects
(%)
	Normal sperm
(%)

	Cryopreservation
(n=17)
	8.7±3.2
(3.0-16.0)
	9.0±8.4
(2.5-32.0)
	31.5±25.9b,d
(7.0-90.0)
	10.8±9.2
(2.0-31.5)
	48.7±25.3a,d
(5.0-84.0)

	AI
(n=44)
	9.0±8.4
(1.0-36.0)
	8.9±8.9
(0.0-44.5)
	20.5±18.9b,c
(1.5-78.0)
	11.9±13.3a
(1.5-59.0)
	57.2±25.3a,d
(3.0-92.0)

	Research
(n=26)
	6.8±4.4
(1.5-19.5)
	6.5±4.8
(0.5-24.5)
	11.1±8.8a
(0.0-35.0)
	7.2±4.7a
(0.5-20.5)
	72.4±13.5a,c
(32.0-95.0)

	Evaluation
(n=42)
	10.4±12.9
(0.5-67.0)
	17.4±21.5
(0.0-99.0)
	34.9±25.4b,d
(4.5-93.0)
	17.0±16.7b
(0.5-90.5)
	33.9±27.3b
(0.0-87.0)

	ANOVA
	P>0.05
	P>0.05
	P<0.001
	P<0.05
	P<0.001

	Large size
(n=30)
	11.3±14.9
(1.5-67.0)
	12.0±15.8
(0.0-66.0)
	21.2±17.6
(1.5-90.0)
	16.1±18.1
(2.5-90.5)
	48.8±29.2
(0.0-90.0)

	Medium size
(n=85)
	8.3±6.3
(0.5-36.0)
	10.0±11.1
(0.0-58.0)
	26.2±23.5
(0.0-93.0)
	10.6±10.8
(0.5-59.0)
	53.0±27.3
(0.0-95.0)

	Small size
(n=14)
	8.2±7.4
(1.5-28.5)
	16.9±25.6
(2.25-99.0)
	24.3±27.3
(1.0-84.0)
	15.9±14.0
(3.0-53.5)
	46.2±29.4
(1.0-82.0)

	ANOVA
	P>0.05
	P>0.05
	P>0.05
	P>0.05
	P>0.05

	Young
(n=28)
	8.0±7.2
(0.5-36.0)
	12.4±20.4
(0.0-99.0)
	17.5±18.4a
(0.0-93.0)
	12.8±13.3
(0.5-59.0)
	60.5±26.5a
(1.0-95.0)

	Adult
(n=70)
	9.6±10.6
(1.5-67.0)
	10.9±12.5
(0.0-66.0)
	21.2±19.2a
(1.0-64.0)
	13.3±14.7
(1.5-90.5)
	51.9±28.9
(0.0-92.0)

	Old
(n=31)
	8.5±7.0
(1.0-30.5)
	10.8±12.5
(0.5-58.0)
	39.7±27.0b
(7.0-90.0)
	10.2±9.6
(0.5-37.0)
	41.5±23.8b
(1.5-84.0)

	ANOVA
	P>0.05
	P>0.05
	P<0.001
	P>0.05
	P<0.05


Values with different superscripts within the same column and group of variables are statistically different (a≠b, c≠d; P < 0.05). 






Table 3 
Differences in total sperm number, motility and proportion of morphologically normal spermatozoa between the semen used in successful AIs and semen used in AIs that did not result in a pregnancy.



	
	Age
(months)
	Total sperm number
(x106)
	Motility
(%)
	Normal morphology
(%)

	Positive AIs 
45/63 (71.4%) 
	51.5±36.0
	627.6±337.9 a
	83.9±10.4 a
	64.9±22.3 a

	Negative AIs 
16/63 (25.4%) 
	65.1±26.4
	389.4±292.6 b
	66.5±25.6 b
	42.0±30.3 b



a, b Values with different superscripts within the same column are statistically different (p < 0.05). 








Fig 1
Distribution of the proportion of spermatozoa with proximal droplets against the age of the donor’s dogs at sampling
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