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Abstract It is believed that when two male rats copulate with a single female, the last one that ejaculates fathers significantly more pups than the first one. To determine the effects of order and elapsed time between two males copulating with the same female, albino Wistar (W) and pigmented Long-Evans (LE) male rats copulated with a W female. Paternity was confirmed by the pups’ pigmentation. Three groups were made according to the elapsed time between the first male’s ejaculation and the placement of the female with the second male; T0 (0-min group); T5 (5-min group); and T10 (10-min group). Male order was counterbalanced in each group. The results showed that the second male had the advantage in T0, but the first males had the advantage in T5 and T10. These data indicate that in a two-male situation, the advantage in paternity for a second male occurs only during copulations following the first few minutes of a first male’s ejaculation. After 5 min, a second male has no advantage in fathering pups. D 2004 Elsevier Inc. All rights reserved. Keywords: Sexual competition; Copulatory behavior; Vagino – uterine reflex; Seminal plug; Sperm transport



1. Introduction A systematic interrelationship between copulatory behavior, vaginal plug position, and sperm transport in the rat has been reported previously [1 – 3]. Both transcervical sperm transport and the implantation of the blastocyst in the uterine wall require the occurrence of multiple preejaculatory intromissions [1]. In addition, Adler and Zoloth [4] reported that five intromissions occurring within 15 min after ejaculation have an opposite, inhibitory effect on sperm transport. Hence, multiple intromissions must precede ejaculation but must not follow too soon after ejaculation if sperm transport is to proceed normally. The research reported here further investigates the facilitative and disruptive effects of experimentally timed copulations on reproductive success for two competing males. Experi-



ment 1 was performed to confirm paternity using pigmented and albino rats. Experiment 2a examined the copulatory behavior of albino Wistar (W) and Long-Evans (LE) rats when mating with a W female, and Experiment 2b examined temporal and order effects of copulation on paternity.



2. Experiment 1 The first experiment was designed to examine whether paternity could be determined between W and LE males that mated with a W female based on the pigment of the pups. Ready determination of paternity of individual pups within a litter has been shown previously when males from two strains (e.g., pigmented LE and albino F344) mate with an albino F344 female [5]. 2.1. Method



* Corresponding author. Center for Studies in Behavioral Neurobiology, Department of Psychology, Concordia University, 7141 Sherbrooke St. W. Montreal, QC, H4B 1R6, Canada. Tel.: +1-514-848-2196; fax: +1-514848-2817. E-mail address: [email protected] (G.A. Coria-Avila). 0031-9384/$ – see front matter D 2004 Elsevier Inc. All rights reserved. doi:10.1016/j.physbeh.2003.12.008



2.1.1. Animals and procedure W and LE male and female rats were used, weighing between 250 and 300 g. Rats were housed in groups of three
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to five per cage (50  30  20 cm) containing wood chip bedding and kept in a room maintained at 22 F 2 jC and under a 12:12-h light – dark schedule (lights on at 2200 h). Rodent chow (Purina, Mexico) and water were available ad libitum. The objective was to determine heredity of pigmentation according to four groups (n = 8): W– W (W male and W female); LE –LE (LE male and LE female); W –LE (W male and LE female); and LE – W (LE male and W female). Receptivity in females was checked every day using a sexually experienced teaser male. Once the females were determined to be in behavioral estrus (presence of proceptive and receptive sexual behaviors), they were placed for 24 h with one sexually experienced male according to the groups described above. At the time of birth, each pup’s eye pigmentation was checked. Fur color was also checked 1 week later. 2.1.2. Statistical analyses A chi-square test was used to evaluate whether the proportions of observed albino and pigmented pups were equal to the expected frequencies. 2.2. Results In Group W– W, 100% of the litters were albino (white fur and red eyes), whereas in Groups LE – LE, W –LE, and LE – W, 100% of the litters were pigmented (completely colored or hooded fur and black eyes). These data show that the pigmented trait of LE rats is dominant over the albinism of W rats. A second series of mating was made using F1 pups from groups W –LE and LE – W that had grown to adulthood (n = 8). The resulting F2 litters were 27.6% albino and 72.4% pigmented, not significantly different from the expected heredity of 25% and 75%, respectively [v2(1, n = 355) = 1.28, P >.05]. The relevance of F2 pups is to confirm that W and LE males copulating with a W female is a reliable model to study paternity.



Table 1 Copulatory behavior of LE or W males with hormone-primed W females



Mount frequency Intromission frequency First mount latency (s) First mount – ejaculation latency (s) First intromission latency (s) First intromission – ejaculation latency (s) Mean interintromission Interval (s) Hit rate (I + E/M + I + E)



W



LE



5.08 F 0.89 6.91 F 0.84 12.20 F 4.12 202.6 F 27.3 15.2 F 4.24 199.6 F 27.8 31.5 F 3.69 0.63 F 0.03



7.2 F 1.49 7.2 F 0.64 6.04 F 0.86 203.5 F 25.4 24.2 F 9.5 197 F 20.8 31.3 F 5.03 0.59 F 0.03



bilaterally ovariectomized following anesthetization with sodium pentobarbital (30 mg/kg ip). Males were given four tests of sexual experience beginning at approximately 70 days of age. They were paired in adjacent mating arenas (50 cm high  60 cm in diameter) with 1 of the 10 ovariectomized females that had been injected with 10 Ag estradiol and 2 mg progesterone 48 and 4 h before pairing, respectively, to induce behavioral estrus. Four days elapsed between each of the four experience trials. During the final test, one male of each strain was placed singly into a chamber for 5 min, after which an OVX, hormone-primed W female was introduced. Timed observations were made until the first ejaculation occurred, after which the female was introduced to a second male for a second test to ejaculation. The order of presentation of female between W and LE males was counterbalanced to make two orders of presentation: Order 1 (W first– LE second) and Order 2 (LE first–W second). The number of mounts and intromissions, and the interintromission latency, as well as latencies to first mount, intromission, ejaculation, and ‘‘hit rate’’ [9] were measured. All observations were conducted in a room illuminated by a red light during the middle third of the dark cycle. 3.1.2. Statistical analyses In Experiment 2a, individual measures of sexual behavior were evaluated by a t test for independent groups. The criterion of significance for all tests was P < .05.



3. Experiment 2a 3.2. Results Some behavioral characteristics that are potentially relevant to reproductive success include the order, number, and relative timing of intromissions and ejaculations as well as the quality of these patterns, including associated penile reflexes that function to form and set copulatory plugs or to dislodge the plugs of competitors [4,6 –8]. Because of this, the first part of Experiment 2 was designed to compare the sexual behavior of LE and W males copulating with a W female. 3.1. Method 3.1.1. Animals and procedure Twenty W males, 20 LE males, and 58 W females were housed as in Experiment 1. Ten of the W females were



There were no significant differences in any copulatory behavior between W and LE males (Table 1, all Ps>.05).



4. Experiment 2b 4.1. Method 4.1.1. Animals and procedure Once W and LE males had successfully completed the experience phase of the study and no behavioral differences were found, the two competing males were placed singly into adjacent mating arenas for 5 min, after which an intact
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W female in natural estrus was placed into the arena of the first male. Sexual behavior was observed until the first ejaculation, after which the female was removed and placed into the rival male’s cage until ejaculation was observed. Thus, each female was permitted two ejaculations during her estrus, with one ejaculation from a male of each strain. Half the males were randomly assigned to a group in which W males ejaculated first, and the remaining animals were assigned to a group in which LE males ejaculated first. Pairs of males within each of these groups were formed randomly. Only those males that ejaculated within 5 min of the presentation of the female were used as subjects in this phase of the experiment (n = 8 each strain). Females ranged in age from 80 to 100 days and had not been pregnant previously; a different female was used with each pair of males. Three time groups (T) were made according to the elapsed time between the ejaculation of the first male and the placement of the female into the other male’s chamber (n = 8): T0—0 min, T5—5 min, and T10— 10 min. In T5 and T10, the female was placed singly into a separated cage while 5 or 10 min elapsed to be introduced with the second male. Two days before expected birth, the mated females were placed in individual acrylic cages with nesting material. They were checked daily, and once birth had occurred, pups sired by LE or W males were counted. The presence or absence of pigment, readily visible beneath the sealed eyelid, was used to determine paternity. Data were based on eight litters per group. 4.1.2. Statistical analyses In Experiment 2b, the number of pigmented and albino pups fathered by the males was analyzed using a 3 (Time)  2 (Order)  2 (Strain of Male) mixed design ANOVA. Significant main effects or interactions were followed by Tukey HSD post hoc tests of the individual means. A final 3 (Time)  2 (Male Order) mixed design ANOVA was conducted on the total number of pups fathered between the first and second male regardless of strain. Significant effects were followed by Tukey HSD post hoc tests of the individual means. The criterion of significance for all tests was P < .05. 4.2. Results Fig. 1 shows the number of pigmented and albino pups in the three time groups when W (Fig 1A) or LE (Fig 1B) males copulated second, respectively. The ANOVA did not detect a significant main effect of Time or Order but detected a trend toward a main effect of Strain of Male [ F(1,42) = 3.71, P =.060], indicating that LE males sired slightly more offspring overall. The ANOVA detected a significant interaction of Time and Order [ F(2,42) = 6.20, P < .005]. Post hoc tests revealed a significant difference between the number of pigmented and albino pups at T10 but not during the other times. None of the other two-way interactions were signifi-



Fig. 1. Number of pigmented and albino pups born to females that copulated with either (A) LE male first and W male second, or (B) W male first and LE male second. Time periods denote the latency between the first male’s ejaculation and the initiation of copulation by the second male. yP < .05 between pigmented and albino within each time period, Tukey post hoc test. zP < .05 for pigmented pups from T0, Tukey post hoc test. * P < .05 for albino pups from T0, Tukey post hoc test.



cant. Finally, the ANOVA detected a significant three-way interaction [ F(2,42) = 46.26, P < .000001]. Post hoc tests were conducted within and between each time period. For T0, the number of pigmented and albino pups was significantly different within and between the two Order groups. This was not the case for T5. None of the means were significantly different between the Order group, although all means differed from those at T0. For T10, the number of pigmented but not albino pups differed between Orders 1 and 2 (LE male being first or second, respectively). However, the number of pigmented and albino pups differed significantly from one another only within Order 1 (LE male being first). Again, all means were significantly different from T0. Because the previous ANOVA did not detect a significant main effect of Order or Strain of Male, we collapsed
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Fig. 2. Number of pups born to males that ejaculated first or second, regardless of strain. yP < .05 between first and second males within each time period, Tukey post hoc test. zP < .05 for first males from T0, Tukey post hoc test. * P < .05 for second males from T0, Tukey post hoc test.



these groups and examined the total number of pups (pigmented or albino) produced by the male that ejaculated first versus second for each time period. The results of this analysis are shown in Fig. 2. The ANOVA did not detect a significant main effect of Time or Male Order but detected a significant interaction of the two [ F(2,45) = 44.50, P < .000001]. Post hoc tests were conducted within and between each time period. For T0, the number of pups produced by the second male was significantly greater than the number produced by the first male. The opposite was true in T5 and T10—the number of pups produced by the first male was significantly greater than the number produced by the second male. The mean numbers of pups produced by first or second males did not differ between T5 and T10; however, all four means differed significantly from those at T0. Thus, regardless of strain, the second male fathered significantly more pups than the first in T0 but significantly fewer pups in T5 and T10.



5. Discussion Our results show clearly that the second male had a significant advantage when he copulated immediately after the first male’s ejaculation, but this advantage disappeared when a 5- or 10-min time period elapsed between the first male’s ejaculation and the beginning of second male’s copulatory behavior. Moore and Wong [5] suggested that a second male has a strong advantage in a competitive copulatory condition because he is likely to displace the first male’s seminal plug before sperm transport can occur [4,7,10]. A tightly fitting plug is known to enhance sperm transport [2,3,8], and nonejaculatory intromissions serve to dislodge previous sperm plugs [3,7]. If this process were to



occur throughout the female’s period of sexual receptivity, with each successive male removing the prior plug, then the last male to mate should sire the most offspring. However, the number of sperm in successive ejaculations drops sharply; beyond the sixth ejaculation, there are too few sperm to impregnate females [11 – 13]. It has been suggested that the reproductive success of a particular male is determined early in his copulatory session, and continued copulation may therefore serve to interfere with the transport of sperm from competitors [5]. A vagino –uterine reflex that induces uterine contractions following vaginocervical stimulation has been described in women [14] and rats [15]. Shafik [14] reported that this reflex appears after some minutes of vaginal distension but disappears if such distension is achieved for too long. We suggest that an important effect of the seminal plug is to induce vaginal distension, leading to the reflex with caudal – anterior uterine contractions. These contractions have a ‘‘suction – pumping’’ action that aids in sperm transport from the vagina to the uterus in approximately 6 min—the minimum amount of time required for transport to be carried out [16]. This reflex helps to explain the reported positive correlation between a seminal plug’s weight and amount of spermatozoids that reach the uterus [17], as well as the importance of an immobile posture by the male and possibly by the female, at ejaculation to facilitate the deposition of the tightly lodged seminal plug [16]. This model of sperm transport due to the vagino –uterine reflex makes the results of the present study simple to understand. If a first male’s seminal plug is dislodged by a second male immediately after it is placed (e.g., as in T0), the vagino – uterine reflex cannot be evoked because more time of distension would have been required. If a first male ejaculates and deposits a tightly fitting plug that remains in the vagina for at least 5 min (e.g., as in T5 and T10), the vagino – uterine reflex can be initiated, and enough sperm can be transported before the second male’s intromissions dislodge the plug. In addition, the vagina has been distended for a lengthy period prior to the deposition of the second male’s plug, decreasing the effectiveness of the second male’s plug to induce a vagino – uterine reflex. Thus, in a two-male situation, the advantage in paternity for a second male occurs only during copulations that follow closely in time to the first male’s ejaculation. If a few minutes elapse, the second male loses his advantage in fathering pups. Although LE males sired more offspring overall than W males, this effect did not reach statistical significance in the present experiments. This suggests that LE males do not possess a significant reproductive advantage over W males in controlled and competitive mating for the same W female. Indeed, in noncompetitive contexts (Experiment 1, groups W – W and LE –W), we found no difference between the two strains in their ability to induce pregnancy in a W female. No significant differences in copulatory behavior were detected between the two strains in Experiment 2a, and relatively equivalent numbers of pups were fathered by the two strains in Experiment 2b. These findings suggest that these two
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strains are equivalent in fertilizing capacity when matched in number of undisrupted ejaculations that are placed within the female’s reproductive tract. In contrast, other experiments have reported a competitive advantage for LE males over Fisher 344 albino males, with some behavioral aspects of their copulatory responses enhancing their reproductive success during sperm competition [5,18]. These studies found a positive correlation between the total number of ejaculations before a male became sexually exhausted and the proportion of pups fathered by that male. On the average, LE males achieved a greater number of ejaculations than Fisher 344 males mating with the same female did. The mechanism proposed to underlie the strain difference in reproductive success was the greater number of sperm delivered by LE males because of their more frequent ejaculations [18]. However, when LE and Fisher 344 males were equated for order of mating and number of ejaculations, the LE males remained more likely to father pups [5]. Thus, the advantage shown by LE males when they were free to copulate throughout the female’s period of sexual receptivity could be a cumulative result of more effective copulation during each successive ejaculatory series relative to the Fisher 344 males. In our study, both LE and W males received extensive sexual experience prior to the experiments, and their copulatory behaviors did not differ significantly. However, it remains unknown if such behavior might be equivalent if the two strains were to compete freely with no controlled order or number of ejaculations imposed.
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