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Effects of meteorology and lunar cycle on the post-thawing quality of avian sperm
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Introduction: Various climatological and lunar cycle parameters have a direct impact on animal reproduction, and in the case of the avian species, spermatozoa are extremely sensitive to heat stress. These parameters could influence sperm freezability, which will ultimately affect post-thawing semen quality, being sperm motility in roosters a relevant indicator of this quality as it is highly related to fertility. Therefore, the objective of the present study is to determine which are the climatological and lunar cycle parameters that have a greater effect on sperm freezability in roosters.

Methods: Sperm was obtained from 16 Utrerana breed roosters and a total of 27 replicates were performed. A pool was made with those ejaculates that met the minimum quality criteria for each replicate, and four freezing–thawing samples per replicate were analyzed. The straws were thawed, and sperm motility was evaluated, classifying the results obtained into four seminal quality groups according to the guidelines of the Food and Agriculture Organization of the United Nations (Group 1: Good, Group 2: Satisfactory, Group 3: Acceptable but undesirable and Group 4: Unsatisfactory). The following traits were recorded for each day of semen collection: maximum temperature, minimum temperature, maximum barometric pressure, minimum barometric pressure, maximum gust, wind direction, mean wind speed, sunshine hours, rainfall, moon phase, and percentage of illuminated lunar surface over the total area.

Results: A discriminant canonical analysis was performed to determine which of these parameters offered the most information when classifying an ejaculate in each quality group, with minimum temperature, the new moon as moon phase, minimum barometric pressure, and rainfall being the most significant variables.

Discussion: According to the results obtained, semen quality decreases when temperature and precipitation are lower, pressure is higher, and when there is a new moon phase. Therefore, these environmental conditions should be avoided for sperm collection and processing.
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1 Introduction

Climatic conditions have an impact on animal reproduction, which is reflected in the different reproductive parameters. Temperature, humidity, and atmospheric pressure have been reported to be important factors that determine the seminal quality of roosters (1, 2). Heat stress generates numerous reactive oxygen species (ROS) which causes an oxidative imbalance that is more accentuated in the avian species due to the high amount of polyunsaturated fatty acids (PUFAs) present in avian spermatozoa which are more prone to lipid peroxidation in the presence of ROS (3, 4). In addition, a high temperature is associated with lower sperm concentration and motility (5). The lunar cycle is another factor that also influences animal reproduction, causing fluctuations in corticosterone and melatonin levels in birds (6).

Since multiple factors can influence reproductive parameters, in males, the seminal quality evaluation of ejaculates is important and can be done by different methods. There are tools to evaluate both macroscopic parameters, such as ejaculate volume and color, as well as microscopic parameters such as concentration, morphology, or sperm motility (7). In the case of birds, sperm motility is a very relevant factor since it is highly related to fertility because only those spermatozoa with a good motility level will be able to ascend through the oviduct to reach the fertilization zone (8).

Within assisted reproduction techniques, sperm cryopreservation is a very valuable tool for the conservation of genetic resources in avian species (9). However, sperm viability is generally reduced by 30–60% after a freeze–thaw cycle (8, 10). A factor that can influence sperm freezability is the season, since it causes changes in the biochemical composition of the ejaculate, resulting in more favorable motility in thawed semen when the seminal collection is performed in spring, as has been reported in local Spanish poultry breeds kept in natural environmental conditions (11).

Seminal cryopreservation techniques must be improved in poultry species. Avian germplasm banks are very incomplete, compared to those of other livestock species (12), since poultry semen is more vulnerable due to specific characteristics of avian spermatozoa (13). This is due mainly to the physiological and anatomical peculiarities of birds, such as the intra-abdominal placement of testes and the absence of accessory sex glands (13). Thus, a technical and research effort must be made by public institutions for the development of techniques and tools to improve in vitro conservation of local genetic resources.

A bank of a local genotype should be considered complete when the stored genetic material allows the reconstruction of the breed, if necessary, as well as the increasing the effective size of a population by reducing genetic drift, among others (14). An example of an endangered local breed is the Utrerana avian breed, whose census as of 31/12/2022 did not exceed 2000 individuals (12) This breed belongs to the Mediterranean trunk and shows high rusticity, which allows its adaptability to more sustainable extensive production systems with minimum impact on the environment. Thus, the conservation of this type of breed has an indirect positive impact on human health and its breeding systems are also more respectful of animal welfare (15, 16). Utrerana hen was initially oriented toward egg production, however, the introduction of rather productive commercial hybrid genotypes in Europe produced the displacement of this breed to an endangered position (17). Given its current complicated situation in terms of the existing census of the breed, the development of a germplasm bank for the breed should be an important tool for the successful implementation of its conservation program.

In any case, the control of climatological parameters could bring benefits to the cryopreservation process, so the main objective of the present research is to determine the existing relationships between the different climatic parameters and the lunar cycle on the post-thawing seminal quality of roosters’ ejaculates concerning sperm motility.



2 Materials and methods


2.1 Ethical approval

The present study is excluded from the scope of evaluation of the Ethics Committee of the University of Córdoba since data obtained are part of routine activities carried out at the Agropecuary Provincial Center of the Diputación of Córdoba (Andalusia, Spain) as a center for avian reproduction and conservation of native breeds and therefore are not considered animals used for scientific purposes. However, all animals used in the study were treated following European Legislation (Directive 2010/63/EU “on the protection of animals used for scientific purposes”), which has been transposed into Spanish law through RD 53/2013.



2.2 Animal sample

For this study, 16 Utrerana roosters breed between 1 and 3 years of age were housed in individual cages (95 × 95 × 95 cm) in the Agropecuary Provincial Center of the Diputación of Córdoba (37°54′50.9”N-4°42′40.4”W, Andalusia, southern Spain) under a natural photoperiod. All the animals were fed a commercial diet (15.20% crude protein, 4.60% crude fat and oils, 3.20% crude fiber, 14.00% crude ash, 4.10% calcium, 0.66% phosphorus, 0.19% sodium, 0.31% methionine, 0.72% lysine) and water was supplied ad libitum.



2.3 Semen collection and processing

Semen collection was carried out using the dorsal-abdominal massage technique described by Burrows and Quinn (18). Semen collection was carried out between September 2021 and May 2022. For each working day, a pool was made with those samples that met previously established minimum quality criteria: volume (>0.2 mL), concentration (>3×109 spz/mL), motility (≥80%), and morphology (≤10 to 15%). A total of 27 replicates were performed, analyzing four samples per replicate. Table 1 shows the number of samples used for each season and phase of the lunar cycle.


TABLE 1 Numbers of samples used for each season and phase of the lunar cycle.
[image: Table1]

Each semen sample was refrigerated in a programmable cooler (Cell incubator SH-020S, Welson, Korea) for 1 h until it reached 5°C with a temperature decrease rate of 0.3°C/min. After that hour the semen was diluted with a diluent which was composed by 0.2 g D (+)-glucose, 3.8 g D (+)-trehalose dihydrate, 1.2 g L-glutamic acid monosodium salt, 0.3 g potassium acetate, 0. 08 g magnesium acetate tetrahydrate, 0.05 g sodium citrate tri-basic dihydrate, 0.4 g BES, 0.4 g Bis-Tris and 0.001 g gentamicin sulfate (pH = 6.8, osmolarity = 360 mOsm) (19). After 30 min, a second dilution was carried out with the diluent described above, to which N-methylacetamide (NMA) was added as a cryoprotectant at a concentration of 18% (final concentration of 9%). After the second dilution, the sperm were packed in 0.25 straws at a final concentration of 250 × 106 spz/straw and 30 min later placed in nitrogen vapors at a height of 4 cm for 30 min and finally immersed in liquid nitrogen (−196°C).



2.4 Sperm motility assessment

For the evaluation of sperm motility, four straws per replicate (a total of 108 observations) were thawed by immersing each straw in a 5°C water bath for 1 min 40 s (19). Total motility (TM, %) was analyzed using a Computer Assisted Sperm Analyser IVOS 12.3 (Hamilton-Thorne Bioscience, MA, United States). For this purpose, 5 μL of the sample was deposited in a Life Optic chamber. This sample had been previously diluted to 50 × 106 spz/mL with the diluent described above, considering as spermatozoa those cells with an area between 2 and 60 μm2.

To classify the samples analyzed, four groups were established according to the quality of post-thawed sperm concerning TM based on the criteria published by the Food and Agriculture Organization of the United Nations (FAO) (20), which are as follows: Group 1: Good (>50%), Group 2: Satisfactory (40–50%), Group 3: Acceptable but undesirable (30–40%) and Group 4: Unsatisfactory (<30%).



2.5 Data collection: climatic parameters and lunar cycle

For each day of seminal extraction, the environmental conditions in the Agropecuary Provincial Center of the Diputación of Córdoba were analyzed for different climatological parameters such as maximum temperature, minimum temperature, maximum barometric pressure, minimum barometric pressure, maximum gust, wind direction, mean wind speed, sunshine hours and rainfall, and the lunar cycle such as moon phase and percentage of illuminated lunar surface over the total area. The minimum and maximum values for each parameter are presented in Table 2. The data for the climatological parameters were obtained from the State Meteorological Agency1 and those for the lunar cycle from the web page of the Astronomical Applications Department of the United States Naval Observatory.2


TABLE 2 Minimum and maximum values for the parameters evaluated.
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2.6 Overall descriptive statistics

The mean of each semen quality group was established for the meteorological and lunar cycle traits registered: maximum temperature, minimum temperature, maximum barometric pressure, minimum barometric pressure, maximum gust speed, wind direction, mean wind speed, sunshine hours, rainfall, moon phase and percentage of moon filling. To perform this analysis, we used the descriptive statistics routine of the data description package of XLSTAT software (Addinsoft Pearson Edition 2014, Addinsoft, Paris, France).



2.7 Statistical analysis: discriminant canonical analysis

For the DCA, the 11 explanatory variables regarding the meteorological and lunar cycle traits mentioned above were included. The classification criteria established correspond to the four semen quality groups mentioned previously (1: good, 2: satisfactory, 3: acceptable but undesirable, and 4: unsatisfactory) and the differences between groups were measured.

According to several authors, a minimum sample size of at least 20 observations per each of 4 or 5 predictors is required, and the maximum number of independent variables to mitigate possible distortion effects should be n-2, where n is the sample size. Taking this into account, the sample size used in this study would be correct (21, 22).

Multicollinearity analysis ensures the existence of strong and independent relationships between predictors. Among the forward selection methods, the forward method was carried out because it requires less execution time (17). To perform multicollinearity and DCA analyses, the Discriminant Analysis routine of the Analyzing Data package of XLSTAT software (Addinsoft Pearson Edition 2014, Addinsoft, Paris, France) was used.


2.7.1 Multicollinearity preliminary testing

Before performing a DCA, the assumption of multicollinearity was checked to ensure that the variance of the explanatory potential is not over-inflated by problems of redundancy between variables. The variance inflation factor (VIF) is the most widely used indicator for detecting multicollinearity, and previous authors have recommended values lower than 5 to discard redundancy problems (23). VIF was computed by using the following formula as a subroutine of the Discriminant Analysis routine of the Analyzing Data package of XLSTAT software:

[image: image]

where R2 was the coefficient of determination of the regression equation.



2.7.2 DCA model reliability

When DCA is used and there are unequal sample sizes, the only acceptable test that can be applied is the Pillai’s trace criterion. The assumption of equal covariance matrices was tested through this method in the discriminant function analysis (24). A subroutine of the Discriminant Analysis routine of the Analyzing Data package of XLSTAT software was used to calculate this parameter, considering the set of predictors of the DCA statistically significant when p ≤ 0.05. Pillai trace criterion has been argued to be the most robust statistic for general protection against deviations from normality and homogeneity of variance of multivariate residuals. The evidence that the set of predictors has a statistically significant effect on the values of the response variable increases as the value of the Pillai trace is higher.



2.7.3 DCA efficiency

The contributions of the variables to the discriminant function were analyzed through the use of Wilks’ Lambda test. The contribution is greater as the Wilks lambda value approaches 0. The functions can be used to explain group adscription if p ≤ 0.05 (25).



2.7.4 Independent factor discriminant potential evaluation, canonical coefficients, and loading interpretation

After analyzing the variables whose discriminant potential was based on the differences in means between the different treatments, a discriminant function analysis was carried out to identify those whose discriminant potential could be based on their ability to determine higher percentages of assignment of observations within their group. Discriminant values of ≥ |0.40| indicate that the discriminant load of the different variables is significantly discriminant. To avoid the inclusion of redundant variables in the function, a stepwise procedure technique is used. A higher discrimination capacity and a higher percentage of correct classification were obtained when the absolute values of the loadings of the standardized coefficients of each variable were high.



2.7.5 Spatial representation

Squared Mahalanobis distances and principal component analysis were computed, using the following formula:

[image: image]

where [image: image]: distance between population i and j; COV−1: inverse of the covariance matrix of measured variable x; [image: image] and [image: image]: means of variable x in the ith and jth populations, respectively (25).

A dendrogram was constructed by converting the squared Mahalanobis distance matrix into a Euclidean distance matrix. For this, the underweight pair-group method arithmetic averages (UPGMA; Rovira i Virgili University, Tarragona, Spain), and the Phylogeny procedure of MEGA X 10.0.5 (Institute of Molecular Evolutionary Genetics, The Pennsylvania State University, State College, PA, United States) were used.



2.7.6 Discriminant function cross-validation

The probability that an observation of an unknown background is correctly classified in a given group can be determined by calculating the hit ratio (26). To determine whether the different discriminant functions can be validated, the leave-one-out cross-validation option was used (27). When the classification rate is at least 25% higher than that obtained by chance, DCA can be considered to achieve classification accuracy.

These results obtained must be supported by Press’ Q statistic, which is a parameter that can compare the discriminating power of the cross-validated function by using the formula:

[image: image]

where n is the number of observations in the sample; n’ is the number of observations correctly classified, and K is the number of groups.

The value of Press’ Q statistic should be compared to the critical value of 6.63 for χ2 with a degree of freedom in a significance level of 0.01. To consider the cross-validated classification to be significantly better than chance, the value of Press’ Q must exceed the critical value of χ2 = 6.63.





3 Results


3.1 Overall descriptive statistics

The mean for each meteorology or lunar cycle-related trait in each seminal quality-related group is shown in Table 3. The highest values for minimum temperature (13.205) were reported for group 1. On the other hand, the lowest values for this trait were reported in group 4 (6.400). All samples made in the new moon lunar cycle were reported to belong to group 4. Lastly, samples obtained in group 4 obtained the highest values for minimum barometric pressure (1007.433).


TABLE 3 Means by class; n: sample size for each group; MT values [expressed as mean (SD)] for each group were as follows: 1 = 57.75 (7.38), 2 = 44.48 (3.21), 3 = 34.59 (3.00), and 4 = 20.62 (6.14).
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3.2 DCA model reliability and efficiency

Maximum barometric pressure, maximum temperature, percentage of moon filling, and maximum gust speed were discarded for the following analyses as these variables showed a VIF value greater than 5. The variables that remained after the preliminary multicollinearity analysis (VIF < 5) are shown in Table 4.


TABLE 4 Variables that remained at preliminary multicollinearity analysis using variance inflation factor (VIF) of explanatory variables.
[image: Table4]

Significant Pillai’s trace criterion determined the validity of the DCA (p < 0.0001; Table 5). Of the three discriminant functions revealed after discriminant analyses, two showed a significant discriminant ability (Significance of 0.010 and 0.041 for F1 and F2, respectively; Table 6). The discriminatory power of the function F1 was high (eigenvalue of 0.457) with 85.28% of the variance being explained by F1 and F2 (Figure 1).


TABLE 5 Summary of the results of pillai’s trace of equality of covariance matrices of canonical discriminant functions.
[image: Table5]



TABLE 6 Discriminant canonical analysis efficiency parameters to determine the significance of each canonical discriminant function.
[image: Table6]
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FIGURE 1
 Eigenvalue and cumulative variability explanatory potential of independent explanatory variables.




3.3 Independent factor discriminant potential evaluation, canonical coefficients, and loading interpretation

The discriminating ability of the different variables studied is shown in Table 7. The greater discriminating power of a variable in question is related to a high value of F and consequently, lower values of Wilks’ Lambda, which translates into a better position in the rank. The present analysis revealed that minimum temperature (Wilks’ Lambda = 0.803; F = 8.504), new moon as moon phase (Wilks’ Lambda = 0.841; F = 6.571), minimum barometric pressure (Wilks’ Lambda = 0.886; F = 4.476), rainfall (Wilks’ Lambda = 0.897; F = 3.988), waxing gibbous (Wilks’ Lambda = 0.908; F = 3.518), and waning crescent (Wilks’ Lambda = 0.918; F = 3.084) as moon phases contributed significantly (p < 0.05) to the discriminant ability of significant discriminant functions.


TABLE 7 Results for the tests of equality of group means to test for difference in the means across sample groups once redundant variables have been removed.
[image: Table7]

Figure 2 reports discriminant canonical coefficient loadings for representative variables across discriminant functions. Minimum temperature (coefficient value = │0.741│), new moon (coefficient value = │0.693│), and minimum pressure (coefficient value = │0.499│) were the traits with the highest standardized canonical discriminant function coefficients for F1. Waxing gibbous (coefficient value = │0.496│), waning crescent (coefficient value = │0.379│), and waning gibbous (coefficient value = │0.306│) were the traits that showed the highest coefficient values for F2.

[image: Figure 2]

FIGURE 2
 Standardized canonical discriminant function coefficients.




3.4 Spatial representation

A clear differentiation between treatments is observed (Figure 3). To obtain the coordinates of the x and y axes, the mean value of the observations in each term of the first two discriminant functions (F1 and F2) is substituted to obtain the relative position of the centroids. The predictive power of the canonical discriminant function to classify the observations will be higher as the distance between the centroids increases.

[image: Figure 3]

FIGURE 3
 Territorial map depicting the results of the canonical discriminant analysis on the different groups.


The Mahalanobis distance is calculated by the relative distance of the problem observation to the centroid of its nearest group representing the probability that an observation showing an unknown background belongs to a given group, and it is necessary to calculate the hit ratio which is shown in Figure 4. In both figures (Figures 3, 4), group 4 was reported to be obtained in meteorological and moon phase conditions that differed to a large extent from the rest of the groups.

[image: Figure 4]

FIGURE 4
 Cladogram constructed from Mahalanobis distances across different groups.




3.5 Discriminant function cross-validation

A Press’ Q value of 215.11 (n = 108; n’ = 93; K = 4) was computed. Thus, predictions can be considered to be better than chance at 95%. Table 8 shows the cross-validation of discriminant classification results. The discriminant tool developed in the present study allowed to correctly classify 86.11% of the studied samples.


TABLE 8 Cross-validation of classification results.
[image: Table8]




4 Discussion

This research analyzes a series of climatic and lunar cycle traits. The verification of relationships between the explanatory variables is useful for deciding which combination of them makes up an effective predictive model. For this, the selection of those independent variables that do not overlap in terms of their ability to explain the variability of the data was necessary. Thus, variables with multicollinearity problems (VIF > 5) were not taken into account in the following analyses.

Maximum barometric pressure and maximum temperature were discarded due to multicollinearity problems with minimum barometric pressure and minimum temperature, respectively. In the atmosphere, elements such as temperature and barometric pressure show diurnal variations, which can be explained by the combination of multiple factors, with the solar component being the determining factor, and maximum and minimum temperatures occurring at approximately the same local time each day (28, 29). The daily temperature curve can be approximated by a sinusoidal function but can be influenced by latitude, time of year, and other climatic factors. However, factors such as clouds or wind can modify the curve temporally (30).

On the other hand, multicollinearity problems with the moon filling percentage could be related to the redundancy with the moon phase variable since both parameters are directly related. The phases of the moon are determined based on the illuminated portion that can be observed from the Earth as the moon moves around it (31). Moon phase could have an impact on animal physiology, as it influences cyclic changes in water, which constitutes 65–70% of birds (32, 33). In addition, previous authors have hypothesized that animals may be influenced by the moon due to changes in geomagnetic fields by increasing sensitivity to magnetoreception with a full moon (34). The influence of the lunar cycle on animal reproduction has been studied in several species such as cattle (35), pigs (36) or horses (37), however, a lack of knowledge of avian species in this field is evident.

Finally, the maximum gust speed variable, which could overlap with the mean wind speed, was discarded. The wind is an important parameter since it influences animal physiology due to its effects on the cooling factor, which has repercussions on homeothermy, locomotion, and foraging (38). In the case of seabirds, it has been observed that wind speed has an impact on the energetic cost derived from flight (39) or on the strategies used for foraging (40). Taking all this into account, the fact that the maximum gust speed variable did not contribute significantly to the analysis could be explained by the fact that the animals used in this study were in controlled conditions where feed was supplied ad libitum. In other animal species such as cattle, wind speed is a key factor in the bovine thermoregulation process, with a marked effect on testicular cooling (41).

After performing the multicollinearity analysis, among the variables that remain, minimum temperature, new moon as moon phase, minimum barometric pressure, rainfall, waxing gibbous and waning crescent as moon phases contribute significantly in determining whether a freezing–thawing ejaculate belongs to one quality group or another.

Minimum temperature showed the highest discriminant power. For the correct development of the reproductive capacity, the roosters must be housed at an adequate ambient temperature. Deviations of 5°C to their thermal optimum result in high reductions in reproductive success (42). Thus, spermatogenesis may be altered by physiological changes resulting from heat stress. For example, in mammals, a reduction in sperm production has been demonstrated because the level of testosterone decreases under heat stress (43). Likewise, too-low temperatures also affect semen quality. In the present research, within the minimum temperatures, the one with the highest value is the one that gives rise to the highest sperm motility. This could be because low temperatures suppress testicular growth and negatively influence fertility in birds, which is ultimately directly related to semen quality (44). Furthermore, several studies are showing how cold decreases testicular development in several bird species (45, 46).

The lunar phase, especially the new moon, also shows a high discriminating power. Birds, during the phases in which luminosity is higher, show a more active behavior reflected in a more powerful song (47, 48). In breeding birds, melatonin concentrations fluctuate according to the lunar rhythm, which is due to the light intensity associated with the different lunar phases (49). Melatonin plays a protective role in testicular development by being a powerful antioxidant that eliminates free radicals in a very effective way. By contrast, in human males, low melatonin levels result in lower sperm quality due to reduced sperm motility (50). In rams and goats, melatonin treatment improves testicular development and seminal quality (51, 52). In any case, according to the results obtained in the present research, when there is a new moon phase, seminal quality decreases. Similar results were obtained in a study carried out on bulls, in which sperm activity was higher when there was a full moon phase compared to data obtained during a new moon phase (53). In contrast, in humans, no significant differences were observed for the sperm motility parameter during the phases of the lunar cycle evaluated (54).

Another variable with high discriminant power is minimum barometric pressure. In the present study, when the minimum barometric pressure is higher, the ejaculate has worse post-thawing motility. This coincides with that reported by Diaz-Usi, Venturina (55) in water buffaloes, in which an increase in barometric pressure has negative effects on sperm motility characteristics, both in fresh semen and after cryopreservation, especially concerning kinematic parameters. This same effect has been observed in bulls (56). On the contrary, in sheep, better seminal quality is observed when the pressure is high since ewes inseminated with sperm obtained in periods when the pressure was low gave birth to lambs with low birth and weaning weights (57). However, the fact that sheep are a short-day seasonal polyestrous species may account for this fact.

Finally, the rainfall variable was also significant in determining the seminal quality group to which a post-thawing ejaculate belongs. Precipitation, among other climatological parameters, is an environmental stress factor that could have an impact on the different physiological processes of the animals (58). However, in goats, during a dry period, a lower percentage of motility and a higher number of abnormal spermatozoa were detected by Van Tilburg, Salles (59). Dry periods correspond to higher temperatures, which could explain the poorer semen quality since elevated temperature is an important source of stress for birds, which respond by modifying organ functions and circulating levels of hormones, glucose, leukocytes, and electrolytes (60, 61). Also, high temperature is associated with lower sperm concentration and motility (5). In addition, heat stress causes avian infertility, which is because high temperatures negatively affect gamete formation and the fertilization process (62). Related to this, sperm exposed to heat has reduced longevity within the uterovaginal junction in hens (63, 64). In addition, in chicken, when the temperature is higher than 32°C and the humidity is at 55–65%, morpho-anomalies in the spermatogenic cells at the testicular level and a decrease in testosterone production can be found (65, 66).

In short, meteorological parameters can influence animal reproduction at different levels such as modulation of the breeding timing, investment, or survival of offspring, as well as originally in spermatogenesis which results in the ejaculate having a certain quality (67–69). The choice of sperm motility as a reference parameter to determine the seminal quality of an ejaculate was due to its importance since this quality-related trait is a reliable predictor of fertility following a freeze–thaw cycle (70, 71), and reflects several aspects of sperm physiology, such as glycolysis, oxidative phosphorylation, and membrane intactness, among others (72). Membrane permeability, lipid composition, and membrane fluidity of the spermatozoa are determining factors in avoiding damage during the cryopreservation process, and the final membrane damage associated with these factors has consequences on sperm motility (8, 73, 74). The fact that sperm motility in freezing–thawing semen is lowered is due to a gradual decrease in energy that reduces the ability of spermatozoa to perform adequate movement to allow fertilization. Thus, ATP production decreases when mitochondrial integrity is impaired, given the high sensitivity of rooster sperm mitochondria to freeze–thaw (11).

Avian spermatozoa have a high sensitivity to high environmental temperatures and temperature changes during cryopreservation. Thus, high-quality ejaculates are necessary before freezing. The assessment of morphometric variables in both fresh and thawed semen can help predict the ability to survive a freeze/thaw cycle since the size of the sperm head determines the permeability of the cell membrane to water and cryoprotectant, which would be directly related to the formation of intracellular ice crystals (75, 76). In this sense, the study of morphometric variables could be a quality criterion to be added in addition to motility to determine the freezability of an ejaculate.

In any case, as suggested by the present work, the choice of the moment of the seminal collection is important since climatic and moon phase-related traits can affect sperm freezability. This could be due to changes in the composition of the sperm at both enzymatic and biochemical levels, as well as to alterations in the hormonal level, which would affect the permeability of the membrane, giving rise to a greater susceptibility to the toxicity generated by cryoprotectants and the rest of the lesions that occur during the cryopreservation process (77–79).



5 Conclusion

In conclusion, climatology and the lunar cycle affect sperm freezability. After carrying out a DCA, the minimum temperature, the new moon as moon phase, minimum barometric pressure, rainfall, waxing gibbous, and waning crescent as moon phase’s variables provide a great amount of information and show a high discrimination power when differentiating between sperm quality groups. In rooster species, when the temperature is low, testicular size decreases, leading to a decrease in pre- and post-thaw seminal quality. Variations in melatonin production due to the moon phase were reported to affect semen quality. Thus, less desirable results were found in the new moon phases. This study has developed a tool that will allow us to optimize the work of poultry semen cryopreservation in animal reproduction centers. At present, good results have not been obtained in the cryopreservation of rooster semen. However, the selection of optimal times for semen freezing may represent an advance in the improvement of post-thawing semen quality in this species. Through the conservation of genetic resources of endangered poultry breeds, genetic diversity can be guaranteed. So investing in research for the improvement of germplasm banks will be fundamental for the improvement of reproductive biotechnology in avian species.
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