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Abstract

We have studied the effect of post mortem time and season on sperm subpopulation pattern and
characteristics. We used epididymal samples from free-ranging Iberian red deers harvested during the
hunting season. We studied samples at different moments of the year (rut, transition period and post-
rut), and at different times post mortem (up to 4 days). Sperm were extracted from the cauda
epididymis and their motility was evaluated by means of a CASA system. A principal component and
clustering analysis were carried out to identify subpopulations. Post mortem time caused a significant
decrease in motility quality, and a general deterioration in subpopulation characteristics. We found
three subpopulations the first day, and the one indicating good sperm quality decreased with post
mortem time until it disappeared on the fourth day. This may indicate considerable impairment of the
samples after 72 h post mortem, which could compromise their use in Al programs. With regard to
season, subpopulation pattern and characteristics were better in the transition and post-rut periods.
Moreover, we found one subpopulation formed by mature spermatozoa, which increased from rut to
post-rut. This might be a negative fact, because samples collected after the rut may undergo
hypermaturation, which possibly impairs fertility. Our results are of interest for the management
of wildlife germplasm banks based on post mortem sperm recovery.
© 2005 Published by Elsevier Inc.
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1. Introduction

The use of germplasm banks has enabled the genetic wealth of many domestic and wild
species to be preserved, and nowadays there are both economical and conservational
reasons for creating and developing them [1]. These banks must be set up with great care,
especially when the aim in to keep material from wild species, as there are many factors
complicating the acquisition and use of the germplasm. In this case, sperm recovered post
mortem from the cauda epididymis has become a widely used source [2], since collection
by other means is often very difficult or unaffordable. Also, if the species are hunted, a
considerable number of samples may be available each year, which can eventually be used
to restore populations challenged by inbreeding or genetic drift.

However, since animals usually die (hunted or accidentally) far away from laboratories,
post mortem time is a factor to be taken into account. Many studies have considered this
issue, and conclude that epididymal sperm is clearly affected by the time elapsed between
the death of the animal and its cryopreservation (for instance, [3—6]). It is generally agreed
that only a few hours are enough to impair epididymal sperm, although its quality can be
acceptable for several days. Thus, post mortem time can be an important challenge if we
intend to use these sperm samples in Al programs.

Seasonality is another factor of special relevance when dealing with wild species,
although it also affects domestic species. This phenomenon is due to complex hormonal
interactions, ultimately based on daylength, which differ amongst breeding and non-
breeding periods in the year [7-9]. Moreover, its importance depends highly on species and
location (mainly the latitude) [10], and it induces changes in behavior, morphology and
reproductive ability [11-13]. Thus, the effect of season on the characteristics of epididymal
sperm must be assessed in order to determine whether samples of a concrete season are
adequate for storage and future use.

At the time of the writing of this paper, we have carried out two studies on epididymal
sperm from red deer, roe deer and chamois [14,15], to determine the effect of post mortem
time and seasonality, respectively. The present study was aimed at complementing these,
since the motility analysis carried out in these studies was limited. We have analyzed many
samples from Iberian red deer with a modern CASA system that allowed us to identify
individual spermatozoa. Then, we used multivariate statistical techniques in order to
differentiate sperm subpopulations in our samples, depending on sperm motility.

It is widely accepted that sperm samples are not homogeneous, and that sperm
subpopulations can be identified using different parameters [16-20]. The use of motility
descriptors for performing such studies has rendered interesting information, which would
not be evident if only the mean values of the whole motile population were used [21-24]. In
fact, motility subpopulations may act as markers for good or bad sample quality [25], and
some authors have found relationships between the presence of determined subpopulations
and sample fertility [26]. The study of sperm subpopulations is relatively recent and still
little explored, but it represents an important source of novel information on sperm biology
not available from other kinds of analyses.

Another reason for carrying out this work is the importance of the studied species.
Iberian red deer are a valuable trophy in Spain, and there are plans to establish germplasm
banks for this and other wild ruminant species. They are highly seasonal (including a
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period of complete reproductive arrest), and the period of time between hunting and sample
processing (post mortem time) can be highly variable. We believe that this type of study
would provide useful information for the management of any future germplasm banks from
these or related species.

2. Materials and methods

All chemicals were acquired from Sigma (Madrid, Spain). Media were not bought as
such, but prepared in our laboratory as referred.

2.1. Genitalia collection and sperm recovery

Genitalia were collected from 71 Iberian red deer (Cervus elaphus hispanicus,
Helzheimer 1909) harvested in the game reserves of Ancares, Mampodre and Picos de
Europa (Ledn, Spain) and in several private hunting reserves of the region of Caceres
(Spain). All the animals were adults and lived in a free-ranging regime. Sample collection
was carried out from the second fortnight of September to the first fortnight of December.

Harvest plans followed Spanish Harvest Regulation, Law 4/96 of Castilla y Ledn and
Law 19/01 of Extremadura, which confirms to European Union Regulation. Furthermore,
species and number of individuals that can be hunted, as well as the exact periods of the
year when hunting can take place, are reviewed each year by the Annual Hunting
Regulation of the respective regions. Animal handling was performed in accordance with
the Spanish Animal Protection Regulation, RD223/1998, which conforms to European
Union Regulation 86/609 and adheres to guidelines established in the Guide for Care and
Use of Laboratory Animals as adopted and promulgated by the American Society of
Andrology.

Scrotum, including testicles and epididymes, was removed from the carcass and
refrigerated down to 5 °C as soon as possible. Date and time of death, collection and
refrigeration were noted and attached to the corresponding sample. Refrigerated genitalia
were sent to our laboratory at the Veterinary Clinic Hospital of the University of Le6n
(Spain), arriving at different times post mortem.

Sample manipulation was carried out in a walk-in fridge (5 °C). Testicles with
epididymes and vas deferens attached were isolated from the scrotum and other tissues.
Epididymes were dissected free from the testicles, and cleaned of connective tissue. To
avoid blood contamination, superficial blood vessels were previously cut and their contents
wiped out. Season and post mortem time were attached to each sample. Spermatozoa were
collected making several incisions on the cauda epididymis with a surgical blade, and
taking the liquid emerging from the cut tubules with the aid of the blade.

2.2. Computer assisted sperm analysis
Sperm were diluted down to 10-20 x 10° spermatozoa/mL in a buffered solution

(20 mmol/L. Hepes, 197 mmol/L. NaCl, 2.5 mmol/L KOH, 10 mmol/L glucose; pH 7,
400 mOsm/kg), and warmed on a 37 °C plate for 20 min. Then, a pre-warmed Makler
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counting chamber (10 wm depth) was loaded with 5 uLL of sample. The CASA system
consisted on an optical phase contrast microscope (Nikon Labophot-2, equipped with
negative phase contrast objectives and a warming stage at 37 °C), a Sony XC-75CE camera
and a PC with the Sperm Class Analyzer software (SCA2002, Microptic, Barcelona,
Spain). The magnification was 10x. All samples were analyzed at least twice, in order to
discard errors due to incorrect sampling. At least five fields per sample were acquired,
giving at least 100 motile sperm (whenever possible, more than 200 motile sperm were
acquired). Image sequences were saved and analyzed afterwards. CASA acquisition
parameters were: 25 images acquired, at an acquisition rate of 25 images per second. For
each sperm analyzed, the SCA2002 rendered the following data: velocity according to the
actual path (VCL; wm/s), velocity according to the straight path (VSL; wm/s), velocity
according to the average — smoothed — path (VAP; wm/s), linearity (LIN; %), straightness
(STR; %), wobble (WOB; %), amplitude of the lateral displacement of the sperm head
(ALH; pm) and frequency of the flagellar beat (BCF; Hz). Detailed explanation of these
descriptors of sperm movement is provided elsewhere [25,27-29].

2.3. Data preparation and statistical analysis

Firstly, CASA data were pooled in a common database. Each observation (spermatozoa)
was identified by three fields (male, post mortem time and season). After determining total
sample motility (TM: percentage of spermatozoa with VCL > 10 wm/s), only samples
with TM > 10% were used in the rest of the analyses. This was decided in order to avoid
bias due to the presence of a lot of samples from different males, which contributed with
very few motile sperm to the database. The database was duplicated, and each copy was
utilized either for post mortem time analysis or for season analysis, and modified
accordingly.

In order to study both factors, we had to decide previously the periods we were to divide
post mortem time and season. Since we knew that both post mortem time and seasonality
affected sperm quality, we had to filter each database, in order to prevent interferences.
First, we determined the seasonality periods. As we could only obtain samples during the
hunting season, which in our case was limited to the autumn, we divided this season in
several periods, depending on the breeding activity of Iberian red deer. According to
wardens’ records, rut comprised from the end of summer to mid-autumn, although mating
could still be observed until winter, but with decreasing frequency. Thus, and also taking
into account other previous observations [15], we decided to consider the second fortnight
in September and the first one in October as the rut season, the second fortnight in October
and November as the transition period, and the first fortnight in December as the post-rut
period.

Taking this division into account, we used data from the rut period only to study the
effect of post mortem time. These data were divided into 1-day intervals (we could not get
any samples below 19 h post mortem, so the first interval included only 19-24 h post
mortem), resulting in four intervals of 24 h each. Samples with higher post mortem times
(>96 h) were discarded because of very bad quality (generally almost no motility).

Only samples with post mortem times from 19 to 30 h were accepted for the seasonality
study. We decided that this period would be adequate because it included a fairly large

THE 9503 1-17



156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179

DTD 5

F. Martinez-Pastor et al./Theriogenology xxx (2005) xxx—xxx 5

number of samples, and variation due to post mortem time would be acceptable, according
to a previous study [14]. Samples were then assigned to the three periods defined as rut,
transition and post-rut.

All statistical analyses were carried out using the SAS/STAT™ package V. 8 (SAS
Institute, Cary, NC) [30]. Where applicable, P < 0.05 was considered as statistically
significant, unless otherwise stated. As the clustering analysis we followed has been
extensively described in a previous study [31], we will simply summarize it here (SAS™
procedure names are given just for reproducibility). As a first step, we used the
PRINCOMP procedure in order to perform a principal component analysis (PCA) of the
motility data. Principal components with eigenvalues higher than 1 (Kaiser criterion) were
used in the subsequent analysis instead of motility descriptors. Then, we carried out a non-
hierarchical cluster analysis using the FASTCLUS procedure, which performs a disjoint
cluster analysis using euclidean distances (k-means model) to calculate cluster centers. We
chose 15 clusters to be produced by this procedure, which were passed to the CLUSTER
procedure as initial clusters, in order to perform a hierarchical clustering on them (average
linkage method, UPGMA). The TREE procedure was used to draw a dendrogram of the
hierarchical clustering process and an output with the final number of clusters. The final
number of clusters was decided according to the pseudo #, the pseudo F and the cubic
clustering criterion (CCC) statistics, produced in each step of the hierarchical clustering
(good numbers of clusters are indicated by local peaks of the CCC and pseudo F statistics
combined with a small value of pseudo 7> and a larger pseudo > for the next cluster fusion).
Fig. 1 shows an example of dendrogram and the corresponding plot used for choosing the
final number of clusters.

Cluster 2 AN Cubic Clustering Criterk

7 — = Cubic lustering lenon
1o — 8 \\ -~ Pssudo F Statistic
S ——— 13— 2 T Peeudo T Statetc
9 T
4 . & P
15 ] w g
1 o 9
6 8 2
[ — F 2
14 2 oy
2 o 7
5 g o Z
3 ©

&)
% | 8 . -

00 02 04 06 08 10 12 14 16 17273 475 6 7 8 9 10 11
Average Distance Between Clusters Number of Clusters

Fig. 1. Example of a dendrogram derived from the hierarchical clustering analysis, and of the plot used for the
determination of an adequate final number of clusters. The plot on the left shows the dendrogram resulting
from the hierarchical clustering of the 15 clusters derived of the PCA and subsequent non-hierarchical
clustering of motility data (this example corresponds to the 48-72-h interval of the post mortem time study).
The plot on the right shows the line plot of CCC, pseudo F and pseudo ¢ statistics produced by the hierarchical
clustering procedure, which helped to find possible cut places in the dendrogram (the three variables were
standardized in order to show all of them in the same plot). Each step in the hierarchical clustering joins two
clusters in a new one, and generates new values for these three statistics. Suitable number of clusters are
indicated by local high values of the CCC and pseudo F statistics and low values of pseudo #* statistic, followed
with decreasing CCC and pseudo F and increasing pseudo #* in the next cluster fusion. In this case, the plot
clearly suggests a final number of four clusters (indicated in the dendrogram), although two or seven would be
also eligible.
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A descriptive statistic of each cluster in each post mortem period or season, and the
analysis of PCA allowed us to carry out a preliminary characterization. Therefore, clusters
were compared between post mortem periods or seasons. For this comparison, we used the
general linear models procedures (GLM). In the case of post mortem time, the factors
included in the model were the post mortem period (days 1-7) and male nested within the
post mortem period. In the case of season, factors were the season (rut, transition and post-
rut) and male nested within the season. When the model was significant for the post mortem
period or the season, the respective classes were compared using adjusted least-squares
means (LSMEANS statement). Previously, variables were transformed for normality (log:
VCL, VSL, VAP, ALH, BCF; arc sine: LIN, STR, WOB). Comparisons of cluster
proportions between post mortem intervals or seasons were carried out by means of the x*
test. When assumptions for X2 test were violated, the exact Fisher’s test was used instead.

On the other hand, motility was also studied in a “classical” way (not considering
subpopulations), determining the mean values of the motility descriptors for each sample
and carrying out a comparison using the general linear models as explained above.

3. Results
3.1. Sperm motility (general results)

Twenty-one samples complied with the condition for entering the post mortem time
study (collected during the rut season and no more than 96 h post mortem), and 39 samples
(19-30 h post mortem) were used for the season study. As Table 1 and Fig. 2 show, there
were important differences between post mortem intervals and between seasons. The
percentage of motile spermatozoa decreased clearly with post mortem time, the fourth day
being only half the value of the ?rst. The motility descriptors underwent a similar evolution,
although they seemed to drop more quickly just after 48 h post mortem and remain more
stable afterwards. As for seasonality, transition and, in particular, post-rut periods rendered
higher results than rut, either considering the proportion of motile sperm or the motility
descriptors.

Table 1
Values of some motility descriptors depending on post mortem time and season
Period T™ (%)* VAP (pm/s) LIN (%) ALH (pm) BCF (Hz)
Post mortem 0-24 70.63 a 3033 +£0.72a 5048+ 1.05a 203+004a 8.00+£0.17a
time (h) 24-48 60.32 b 2926 +£0.65b 4568 +096b 1.88+004b 630+0.16b
48-72 45.06 ¢ 13.00+1.02¢c 3526+£149c 122+006c 2.87+025¢
72-96 338d 1230+ 1.14c¢  3897+1.69c 1.08+007d 4.09+028d
Season Rut 61.98 a 29.63+0.83a 5056+08%a 192+004a 7.59+0.15a
Transition 8229 b 3647+062b 49.02+067a 233+£003b 7.09+0.11a
Post-rut 86.22 ¢ 4331 +£0.74c 58.09+£0.79b 217+£0.04c 7.88+0.14b

Data are expressed as adjusted least-squares mean £ S.E.M. Rows (within experiment, post mortem or season)
with different letters (a—d) differ P < 0.05.
 Proportion of motile sperm (VCL > 10 pwm/s).
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Fig. 2. Evolution of several motility parameters depending on post mortem time and season. For post
mortem intervals, D1: 0-24 h; D2: 24-48 h; D3: 48-72 h; D4: 72-96 h. Note that the scales for TM (%),
VAP (um/s) and LIN (%), and ALH (um) and BCF (Hz) are different. TM: (*); VAP: (+); LIN: (O); ALH: (@);

BCF: (O).

3.2. Effect of post mortem time on sperm subpopulations

Cluster analysis rendered three clusters per post mortem interval, excepting for the
fourth day, with four clusters. Considering their motility descriptors and the results of
PCA, we concluded that there were four different kinds of clusters, which were called
CL1p, CL2p, CL3p and CL4p. In general, cluster distribution varied considerably
between post mortem intervals (Fig. 3(a)). Statistics of the clusters are shown in Table 2

and Fig. 4.
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Fig. 3. Changes of the proportions of motility subpopulations depending on post mortem interval or season. For
post mortem intervals, D1: 0-24 h; D2: 24-48 h; D3: 48-72 h; D4: 72-96 h. CL1: (@); CL2: ([J); CL3: (O);

CL4: (A).
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Values of some motility descriptors corresponding to the clusters obtained from the post mortem time analysis

(CL1p-CL4p)

Cluster Post mortem  (%)* VAP (pm/s) LIN (%) ALH (pm) BCF (Hz)
time (h)

CL1p 0-24 S51.1a 23224+047a 39.54 +£0.87 a 1.93+0.03 a 6.50+0.18 a
24-48 59.8b 15.65+0.52b 35.78 £ 097 b 140+ 0.04 b 455+020b
48-72 550a 8.03+0.55¢ 2499+ 1.01 ¢ 1.08 £0.04 ¢ 1.93+021 ¢
72-96 66.8c 781 +£0.76¢ 27.07+ 140 c 0.98 +0.05 ¢ 299+0.30d

CL2p 0-24 393a 3745+163a 70.54 £ 1.77 a 1.73+£0.07 a 9.40+041a
24-48 23.1b 4026+145b 7433+ 1.57b 1.66 £ 0.07 b 7.68 £0.36 b
48-72 307¢c 2822+214c 5952 +232¢ 1.68+0.10ab 832+053 ab
72-96 5.7d 30.55+559abc 71.18+596abc 1.66+025ab 7.82+1.38ab

CL3p 0-24 9.6a 43.68+236a 4483 +195a 332+0.14a 10.94 £0.52 a
24-48 17.1b 4500+ 188 a 3439+ 1.56b 347+0.11a 83110420
48-72 7c 53.68 £5.08 a 26.72 +4.20 ¢ 391+0.30a 6.14+1.12b
72-96 6.6d 30.99+6.02b 47.66 £5.02 a 222+035b 972 £ 134 ab

CL4p  48-72 74a 1191+£096a 78.09 £2.36 a 0.84 +£0.05 a 1.39 £ 0.32
72-96 209b 7.05+£0.68b 6223 +£194b 0.60 £0.04 b 1.89 £0.27

Post mortem time is given in hours. Data are expressed as adjusted least-squares means = S.E.M. Data are
expressed as percentages, and comparisons were performed using the x? test on raw data. Rows (post mortem
intervals within clusters) with different letters (a—d) differ P < 0.05.

 Proportion of each subpopulation respect to the total number of motile sperm (VCL > 10 pm/s).

3.2.1. Subpopulation 1 (CLIp)

CL1p comprised slow and non-linear sperm, with low ALH and BCF values.
All the motility descriptors were affected by post mortem time, although they stabilized
with low values after 48 h post mortem (except for the increase in BCF). Considering its
relative proportion, it increased from 51% in the first interval to almost 67% on the last
day.

3.2.2. Subpopulation 2 (CL2p)

CL2p was characterized by high linearity and BCF. Its proportion showed a decreasing
trend with increasing post mortem time. Although its motility descriptors varied between
post mortem intervals, there was not a trend indicating progressive changes.

3.2.3. Subpopulation 3 (CL3p)

CL3p showed the highest velocity, ALH and BCF values, but it was not as linear as
CL2p. VAP and ALH were little affected by post mortem time (decreasing only in the last
interval), but LIN and BCF decreased greatly in the 48—72-h interval, although they
recovered their initial values in the last interval.

3.2.4. Subpopulation 4 (CLA4p)

CL4p was found only in the last two intervals, comprising more than 20% of motile
sperm in the 72-96-h interval. It was characterized by motility descriptors with very low
values, but with high linearity.
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Fig. 4. Motility parameters of CL1p, CL2p and CL3p, depending on post mortem time. For post mortem intervals,
D1: 0-24 h; D2: 24-48 h; D3: 48-72 h; D4: 72-96 h. Note that the scales for VAP (um/s) and LIN (%), and ALH
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Table 3

Values of some motility descriptors corresponding to the clusters obtained from the season analysis (CL1s—CL4s)

Cluster Season (%)* VAP (nm/s) LIN (%) ALH (pum) BCF (Hz)

CL1s Rut 344 a 28.08 £0.75 a 39.14+1.10a 227+0.04 a 831+£0.30a
Transition 239b 43.55£222b 2897+£139b 393+0.15b 7.07£036b

CL2s Rut 37.1a 33.64 £1.32 7442 £1.49 a 1.60 £0.06 a 797+0.34a
Transition 52.0b 38.25+£0.78 64.46 £ 0.88 b 1.98 £0.04 b 8.74£0.20 b
Post-rut 69.9 ¢ 38.59 £ 0.83 66.88 £0.94 b 1.83 £0.04 ¢ 895+0.21b

CL3s Rut 88 a 5381 +1.88a 5773 £ 157 a 2.95+0.12 13294+ 040 a
Transition 88a 89.14+£339b 7498 £2.83 b 3.15+0.21 1043 £0.72 b
Post-rut 122 b 7795 £ 194 ¢ 7790 £ 1.62 b 2.83 +£0.12 10.56 £ 041 b

CL4s Rut 15.7 1042+ 1.12 a 3337+£130a 1.13£0.09 a 263+032a
Transition 15.3 13.44+052b 27.72 £ 0.60 b 1.57 £0.04 b 346 £0.15b
Post-rut 153 21.99 £0.64 ¢ 2532+£0.74 ¢ 225+£0.05¢ 4.80£0.18 ¢

Data are expressed as adjusted least-squares mean + S.E.M. Data are expressed as percentages, and comparisons
were performed using the X2 test on raw data. Rows (seasons within clusters) with different letters (a—c) differ
P <0.05.

* Proportion of each subpopulation respect to the total number of motile sperm (VCL > 10 wm/s).

3.3. Effect of season on sperm subpopulations

In this case, we found four different kinds of clusters (CL1s, CL2s, CL3s and CL4s),
unevenly distributed between seasons (Fig. 3(b)). We obtained six clusters in the rut and
post-rut periods, but two of them were removed because we considered them residual (see
below). Statistics of the clusters are shown in Table 3 and Fig. 5. The variation of the
proportions of the different clusters between seasons can be appreciated in Fig. 3(b).

3.3.1. Subpopulation 1 (CLIs)

CL1s showed low velocity and linearity. It comprised one-third of the spermatozoa
during rut, decreased to less than 25% in the transition period, and it did not appear in the
post-rut. In this case, VAP and ALH were higher in the transition period, whereas LIN and
BCF were higher in the rut.

3.3.2. Subpopulation 2 (CL2s)

CL2s was characterized by medium velocity and high linearity, accompanied by low
ALH and high BCF. Its presence was important in all the three seasons, increasing from
more than one-third of the motile sperm in the rut, to more than two-thirds in the post-rut.
Its parameters were also similar in the three seasons, with only a significant decrease in
linearity with regard to rut.

3.3.3. Subpopulation 3 (CL3s)

CL3s was similar to CL2s, that is, fast and linear, with lower ALH and higher BCF.
Thus, it contained mainly spermatozoa with very linear trajectories, and was found in the
three seasons in similar proportions. Its parameters were similar in the transition and post-
rut seasons, when they were higher than in the rut.
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3.3.4. Subpopulation 4 (CL4s)

CL4s included slow and non-linear sperm, with low ALH and BCF. However, its VAP,
ALH and BCF improved greatly in the post-rut. This subpopulation included over 15% of
spermatozoa in all the three seasons.

3.3.5. Other subpopulations

We found also two extra subpopulations in the rut and other two in the post-rut. In one
case, it seemed to be the same subpopulation (medium velocity and non-linear, both in the
rut and post-rut), but then other two subpopulations were very different (slow and non-
linear in the rut and fast and linear in the post-rut). They also appeared in very low
proportions (below 3%). This suggested that these subpopulations were in fact “outlier”
clusters, due to the grouping of spermatozoa with extreme values, which segregated in the
clustering process as independent clusters and were not included in further analysis.

4. Discussion

It is well known that epididymal sperm motility is deeply affected by storage time.
Numerous authors [3,5,6,32], working on different species, have reported that several
motility parameters are altered as soon as few hours post mortem, and that these motility
changes occurred before other characteristics, such as morphology or viability, were
affected. In a prior study on the effect of post mortem time on epididymal sperm from
Iberian red deer and roe deer [14], we found that the percentages of motile and progressive
spermatozoa dropped just after the first 24 h post mortem (although we did not find
significant differences before 48 h). In this work, we have been able to confirm a decrease
in motility with post mortem time, not only in the percentage of motile sperm, but also in its
quality (subpopulation pattern). We have to point out that our earliest sample was 19 h post
mortem, and, ideally, we should recover and process the sperm as soon as possible, since
some authors reported loss of quality and fertilizing ability within few hours post mortem
[33,34]. However, Kaabi et al. [6] did not find significant differences between the cleavage
rates of oocytes fertilized with ram sperm, which had been salvaged from epididymis either
<2 or 24 h post mortem, although it was clearly lower when sperm was recovered at 48 h
post mortem.

The subpopulation pattern that we have found in the first interval of the post mortem
time study could be explained considering sperm maturation. Many authors have focused
on this subject [35-39], reporting that motility increases during the transit of spermatozoa
through the different parts of the epididymes, gaining velocity and linearity. Furthermore,
between the proximal and distal cauda there is an increase in linearity, but not of other
parameters, due to biochemical changes related to epididymal maturation [37,40].
Regarding the first interval, CL2p (medium velocity and linear) would represent a
subpopulation containing mature spermatozoa, whereas CL1p (slow and non-linear)
would be formed mainly by spermatozoa which had not complete their epididymal
maturation. Moreover, CL3p (rather rapid, but little linear) would contain mature
spermatozoa undergoing some kind of activation, considering its high VAP, BCF and
ALH, and its lower LIN. In fact, Yeung et al. [40] found that an increase in cAMP brought
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about the maturation of epididymal sperm, but it also induced hyperactivation in already
matured spermatozoa.

The increase in CL1p with post mortem time, and its decreasing quality, reflects the
effect of post mortem time on spermatozoa. Not only did the general proportion of motile
spermatozoa and its quality decrease, but the effect of time reflected on the subpopulation
pattern too. Considering the evolution of CL2p and CL3p, the trend indicated a steady
decrease. In fact, the sudden drop in CL2p and increase in CL3p in the 24-48-h interval
seemed to be a consequence of individual variation, rather than an actual consequence of
post mortem time. This may also be the cause of the alteration of VAP and LIN in CL2p and
CL3p in 48-72 h. On the other hand, the drop in CL2p during the last interval would
indicate a definitive loss of this subpopulation. Other studies [41] have found motility
patterns similar to CL2p to be compatible with the achievement of fecundation, in the case
of epididymal sperm. Thus, CL2p could be a marker of good condition for a sample, and
the previously-mentioned drop possibly suggests that such a long post mortem time may
impair the samples so notably that salvaging would not be worthwhile. However, it would
depend on the sample (non-endangered versus endangered species or rare individuals) and
the techniques we used (such as ICSI, which does not depend on sperm motility).

The lost of CL2p is related to the appearance of CL4p, in the third interval. In fact, the
evolution of the four subpopulations indicated that members of CL2p were mostly shifting
to CL4p (very slow but linear), which is similar to CL2p on LIN values. This suggests that
CL4p spermatozoa may be exhausted spermatozoa, formerly belonging to CL2p. The
noticeable presence of this subpopulation indicates bad quality in a sample, in the same
way that CL2p might indicate good quality.

Abaigar et al. [23] carried out an experiment on Mohor gazelle (Gazella dama mhorr),
also based on the analysis of sperm subpopulations. Part of it consisted of the study of the
variation in subpopulations patterns, depending on storage time (from 0 to 96 h). It is
difficult to compare our results with those of these authors, since they worked on different
species, and used ejaculated semen (with very high velocities and low linearity, in
comparison with our samples). However, they also found that the proportions of some
populations increased and decreased throughout the storage period. These authors related
such variations to functional changes associated with prolonged storage, coinciding with
our data. Unfortunately, they only showed the proportions of the subpopulations, but not
the values of the motility descriptors for each subpopulation and storage time; thus, we
cannot evaluate the implications for our work.

The other part of our work dealt with the effect of seasonality on motility. Considering
the general data, it is evident that motility was better in the transition and post-rut periods.
In another study [15], we studied some parameters of epididymal sperm from red deer
(including visual assessment of motility, viability and acrosomal status) and also obtained
better results from the period between mid-October to mid-December than during the rut.
There are other references on the increase of the percentage of motile sperm after the rut
has finished [42]. A possible explanation is based in the idea of sperm hypermaturation in
the epididymis because of prolonged storage. Rodriguez and Bustos Obregon [43] carried
out a study on stallion semen, obtained during both the non-breeding and breeding seasons,
observing that sperm chromatin packing was more elevated during the non-breeding
season. They concluded that this was a consequence of prolonged epididymal storage,
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resulting in hypermaturation, which possibly caused faulty male pronuclear formation. In
our case, hypermaturation would result in better motility.

Cervids are strongly seasonal. During the rut, spermatogenesis and sexual activity are
very elevated; therefore, epididymal reserves are continuously depleted and restored. The
hinds can enter several times in estras during the rat season, but this event is less frequent
thereafter because most of the females are already pregnant. Therefore, a male has fewer
opportunities to mate after the rut. Rapid renewal of epididymal sperm during the rat also
occurs in non-dominant males, not only because they might mate but also because deers
ejaculate during the rat as part of the usual behavior, not being necessarily associated with
mating [44,45]. As a consequence, during the rut, the sperm in the cauda epididymis would
consist mostly of “fresh” spermatozoa, which would complete their maturation at the
moment of contacting seminal plasma rather than in the cauda epididymis. On the other
hand, in the transition period and post-rut, sperm remains longer in the cauda epididymis
(due to reduced input and output), and would therefore be mostly composed of
spermatozoa stored over a long period of time, which would have been overexposed to the
epididymal environment. Hypermaturation may become apparent in the form of more
motile sperm, with higher motility descriptors than during the rut, but this increase in
motility quality may not translate in better fertility.

We have to consider this when analyzing the results of the clustering. The better motile
condition is also reflected in the motility descriptors of each subpopulation, which showed
more active spermatozoa when the season advanced. CL2s (medium velocity and linear)
may be considered a subpopulation of spermatozoa with mature motility, since its
proportion increased with the season, but its motility descriptors remained little changed.
In addition, CL1s (slow and non-linear) may comprise spermatozoa that have still not
achieved mature motility. In fact, not only did CL2s increase after the rut, but it did so at
almost at the same pace as CL1s decreased. Therefore, it seems likely that when CL1s
spermatozoa mature, they achieve CL2s characteristics, and that this process affects more
spermatozoa after the rut. In the post-rut, we did not find CL1s anymore, which is in
agreement with very low sexual activity in this period, resulting in long storage periods,
thus allowing the maturation of all CL1s spermatozoa in the cauda epididymis. On the
other hand, CL3s (fast and linear) and CL4s (very slow and non-linear) may represent
subpopulations of very mature spermatozoa and maturation-resilient spermatozoa,
respectively. The stability of their proportions throughout the three periods possibly
indicates that spermatozoa with these qualities either have highly matured biochemical and
morphological characteristics (CL3s), or lacks some of them (CL4s, therefore being unable
to accomplish motility maturation). It is possible that CL2s spermatozoa need seminal
plasma in order to achieve the maturation degree of CL3s [46].

In conclusion, our study shows that the subpopulation study based on motility data
greatly improved the interpretation of motility changes between post mortem intervals and
seasons. Our results showed that the subpopulation pattern was deeply altered with post
mortem time, and the quality of the samples was severely compromised after several days
post mortem (more than 72 h). Furthermore, we found an increase in the proportion of
mature sperm in the cauda epididymis after the rut, which may not be necessarily
connected to an increase in sample fertility, and could even indicate worse sperm quality.
However, these findings must be completed with the study of subpopulation patterns in
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ejaculated sperm and recently harvested (less than 19 h) epididymal spermatozoa. The
results of this work are based on relatively novel techniques, and our results are still open to
a wide range of interpretations. Further research, combined with subpopulation purification
techniques and fertility studies, is necessary in order to complete this report.

Acknowledgements

This study has been supported by Junta de Castilla y Leén (AB29). The authors thank
Juan José Martnez, César GOmez, Juan Carlos Peral, the Territorial Service of
Environmental Affairs of Ledn and the gamekeepers of the hunting reserves of Picos
de Europa, Mampodre and Ancares (Ledn, Spain) and Carlos Bernabé (Caceres, Spain) for
their collaboration in the collection of the samples used in this work; and Vanesa Garcia,
Mercedes Alvarez, Juan Daniel Muro and Patri Martinez for their help in the processing of
the samples.

References

[1] Holt WYV, Pickard AR. Role of reproductive technologies and genetic resource banks in animal conservation.
Rev Reprod 1999;4:143-50.

[2] Foote RH. Fertilizing ability of epididymal sperm from dead animals. J Androl 2000;21:355.

[3] Yu L Leibo SP. Recovery of motile, membrane-intact spermatozoa from canine epididymides stored for 8
days at 4 °C. Theriogenology 2002;57:1179-90.

[4] AnelL, Guerra C, Alvarez M, Anel E, Martinez A, Boixo JC, et al. Effect of post-mortem interval on quality
of epididymal spermatozoa in Iberian red deer (Cervus elaphus hispanicus). Theriogenology 2002;57:577
(Abstract).

[5] Soler AJ, Pérez-Guzman MD, Garde JJ. Storage of red deer epididymides for 4 days at 5 °C: effects on sperm
motility, viability, and morphological integrity. J Exp Zool 2003;295A:188-99.

[6] Kaabi M, Paz P, Alvarez M, Anel E, Boixo JC, Rouissi H, et al. Effect of epididymis handling conditions on
the quality of ram spermatozoa recovered post-mortem. Theriogenology 2003;60:1249-59.

[7] Gerlach T, Aurich JE. Regulation of seasonal reproductive activity in the stallion, ram and hamster. Anim
Reprod Sci 2000;58:197-213.

[8] Blottner S, Hingst O, Meyer HHD. Seasonal spermatogenesis and testosterone production in roe deer
(Capreolus capreolus). J Reprod Fertil 1996;108:299-305.

[9] Hoffmann B, Landeck A. Testicular endocrine function, seasonality and semen quality of the stallion. Anim
Reprod Sci 1999;57:89-98.

[10] Monfort SL, Brown JL, Bush M, Wood TC, Wemmer C, Vargas A, et al. Circannual inter-relationships
among reproductive hormones, gross morphometry, behaviour, ejaculate characteristics and testicular
histology in Eld’s deer stags (Cervus eldi thamin). J Reprod Fertil 1993;98:471-80.

[11] Anel L, GuerraC, Alvarez M, Anel E, Martinez A, Rodri guez C, et al. Post-mortem spermatozoa recovery in
roe deer (Capreolus capreolus): differences between pre-rutting and rutting season. Theriogenology
2001;55:380 (Abstract).

[12] Chacon J, Pérez E, Rodriguez-Martinez H. Seasonal variations in testicular consistency, scrotal circum-
ference and spermiogramme parameters of extensively reared brahman (Bos indicus) bulls in the tropics.
Theriogenology 2002;58:41-50.

[13] Morai RN, Mucciolo RG, Gomes ML, Lacerda O, Moraes W, Moreira N, et al. Seasonal analysis of semen
characteristics, serum testosterone and fecal androgens in the ocelot (Leopardus pardalis), margay
(L. wiedii) and tigrina (L. tigrinus). Theriogenology 2002;57:2027-41.

THE 9503 1-17



428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480

DTD 5

16 F. Martinez-Pastor et al./Theriogenology xxx (2005) xxx—xxx

[14] Martinez-Pastor F, Guerra C, Kaabi M, Diaz A, Anel E, Herrdez M, et al. Decay of sperm obtained from
epididymes of wild ruminants depending on postmortem time. Theriogenology; in press.

[15] Martinez-Pastor F, Guerra C, Kaabi M, Garcia-Macias V, de Paz P, Alvarez M, et al. Season effect on
genitalia and epididymal sperm from Iberian red deer, roe deer and Cantabrian chamois. Theriogenology
2004;accepted for publication.

[16] Buffone MG, Doncel GF, Marin Briggiler CI, Vazquez-Levin MH, Calamera JC. Human sperm subpopula-
tions: relationship between functional quality and protein tyrosine phosphorylation. Hum Reprod
2004;19:139-46.

[17] Calamera J, Buffone M, Ollero M, Alvarez J, Doncel GF. Superoxide dismutase content and fatty acid
composition in subsets of human spermatozoa from normozoospermic, asthenozoospermic, and polyzoos-
permic semen samples. Mol Reprod Dev 2003;66:422-30.

[18] Perez-Llano B, Yenes-Garcia P, Garcia-Casado P. Four subpopulations of boar spermatozoa defined
according to their response to the short hypoosmotic swelling test and acrosome status during incubation
at 37 °C. Theriogenology 2003;60:1401-7.

[19] Cabrita E, Martinez F, Alvarez M, Herrdaez MP. The use of flow cytometry to assess membrane stability in
fresh and cryopreserved trout spermatozoa. Cryo Lett 2001;22:263-72.

[20] Esteso MC, Fernandez-Santos MR, Soler AJ, Garde JJ. Head dimensions of cryopreserved red deer
spermatozoa are affected by thawing procedure. Cryo Lett 2003;24:261-8.

[21] Holt WV. Can we predict fertility rates? Making sense of sperm motility. Reprod Dom Anim 1996;31:17-24.

[22] Abaigar T, Holt WV, Harrison RA, del Barrio G. Sperm subpopulations in boar (Sus scrofa) and gazelle
(Gazella dama mhorr) semen as revealed by pattern analysis of computer-assisted motility assessments. Biol
Reprod 1999;60:32-41.

[23] Abaigar T, Cano M, Pickard AR, Holt WV. Use of computer-assisted sperm motility assessment and
multivariate pattern analysis to characterize ejaculate quality in Mohor gazelles (Gazella dama mhorr):
effects of body weight, electroejaculation technique and short-term semen storage. Reproduction
2001;122:265-73.

[24] Quintero-Moreno A, Rigau T, Rodriguez-Gil JE. Regression analyses and motile sperm subpopulation
structure study as improving tools in boar semen quality analysis. Theriogenology 2004;61:673-90.

[25] Davis RO, Drobnis EZ, Overstreet JW. Application of multivariate cluster, discriminate function, and
stepwise regression analyses to variable selection and predictive modeling of sperm cryosurvival. Fertil
Steril 1995;63:1051-7.

[26] Quintero-Moreno A, Miro J, Teresa Rigau A, Rodriguez-Gil JE. Identification of sperm subpopulations with
specific motility characteristics in stallion ejaculates. Theriogenology 2003;59:1973-90.

[27] Mortimer D, Serres C, Mortimer ST, Jouannet P. Influence of image sampling frequency on the perceived
movement characteristics of progressively motile human spermatozoa. Gamete Res 1988;20:313-27.

[28] Boyers SP, Davis R, Katz DFE. Automated semen analysis. Curr Probl Obstet Gynecol Fertil 1989;12:172-200.

[29] Rigau T, Farre M, Ballester J, Mogas T, Pena A, Rodriguez-Gil JE. Effects of glucose and fructose on
motility patterns of dog spermatozoa from fresh ejaculates. Theriogenology 2001;56:801-15.

[30] SAS Institute Inc. Sas onlinedoc™, v. 8 (http://v8doc.sas.com/sashtml/) 2000.

[31] Martinez-Pastor F, Garcia-Macias V, Alvarez M, Herrdez P, Anel L, de Paz P. Sperm subpopulations in
Iberian red deer epididymal sperm and their changes through the cryopreservation process. Biol Reprod;
2004, accepted for publication.

[32] Hishinuma M, Suzuki K, Sekine J. Recovery and cryopreservation of sika deer (Cervus nippon) spermatozoa
from epididymides stored at 4 °C. Theriogenology 2003;59:813-20.

[33] Garde JJ, Aguado M, Pérez S, Garrido D, Pérez-Guzman M, Montoro V. Physiological characteristics of
epididymal spermatozoa from postmortem rams. Theriogenology 1994:41:203 (Abstract).

[34] Songsasen N, Tong J, Leibo SP. Birth of live mice derived by in vitro fertilization with spermatozoa retrieved
up to 24 h after death. J Exp Zool 1998;280:189-96.

[35] Devi LG, Shivaji S. Computerized analysis of the motility parameters of hamster spermatozoa during
maturation. Mol Reprod Dev 1994;38:94—106.

[36] Jeulin C, Lewin LM, Chevrier C, Schoevaert-Brossault D. Changes in flagellar movement of rat spermatozoa
along the length of the epididymis: manual and computer-aided image analysis. Cell Motil Cytoskeleton
1996;35:147-61.

THE 9503 1-17


http://v8doc.sas.com/sashtml/

481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502

503

DTD 5

F. Martinez-Pastor et al./Theriogenology xxx (2005) xxx—xxx 17

[37] Jaiswal BS, Majumder GC. Cyclic AMP phosphodiesterase: a regulator of forward motility initiation during
epididymal sperm maturation. Biochem Cell Biol 1996;74:669-74.

[38] Pérez-Sanchez F, Tablado L, Yeung CH, Cooper TG, Soler C. Changes in the motility patterns of
spermatozoa from the rabbit epididymis as assessed by computer-aided sperm motion analysis. Mol Reprod
Dev 1996;45:364-71.

[39] Yeung CH, Morrell JM, Cooper TG, Weinbauer GF, Hodges JK, Nieschlag E. Maturation of sperm motility
in the epididymis of the common marmoset (Callithrix jacchus) and the cynomolgus monkey (Macaca
fascicularis). Int J Androl 1996;19:113-21.

[40] Yeung CH, Weinbauer GF, Cooper TG. Responses of monkey epididymal sperm of different maturational
status to second messengers mediating protein tyrosine phosphorylation, acrosome reaction, and motility.
Mol Reprod Dev 1999;54:194-202.

[41] Soler C, Yeung CH, Cooper TG. Development of sperm motility patterns in the murine epididymis. Int J
Androl 1994;17:271-8.

[42] McMillan W, Shackell G, Vishwanath R, Fielden E, Smith J. Comparative reproductive performance.
Reproductive management of grazing ruminants in New Zealand 1998;12:43-64.

[43] Rodriguez H, Bustos Obregon E. Seasonality and freezability vs. routine parameters in stallion semen. Histol
Histopathol 1996;11:427-30.

[44] Darling FF. A herd of red deer, a study in animal behavior, 1st ed. London: Oxford University Press; 1937

[45] Clutton-Brock TH, Guinness FE, Albon SD. Red deer: behavior and ecology of two sexes. Chicago: Chicago
U.P; 1982.

[46] Graham JK. Effect of seminal plasma on the motility of epididymal and ejaculated spermatozoa of the ram
and bull during the cryopreservation process. Theriogenology 1994:41:1151-62.

THE 9503 1-17



	Post mortem time and season alter subpopulation characteristics of Iberian red deer epididymal sperm
	Introduction
	Materials and methods
	Genitalia collection and sperm recovery
	Computer assisted sperm analysis
	Data preparation and statistical analysis

	Results
	Sperm motility (general results)
	Effect of post mortem time on sperm subpopulations
	Subpopulation 1 (CL1p)
	Subpopulation 2 (CL2p)
	Subpopulation 3 (CL3p)
	Subpopulation 4 (CL4p)

	Effect of season on sperm subpopulations
	Subpopulation 1 (CL1s)
	Subpopulation 2 (CL2s)
	Subpopulation 3 (CL3s)
	Subpopulation 4 (CL4s)
	Other subpopulations


	Discussion
	Acknowledgements
	References


