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Abstract

A study was conducted to investigate the effect of season on, and to estimate heritabilities of, and genetic correlations

among, semen and spermatozoa characteristics and the relationship of these characteristics with measures of testicular or

scrotal size in 6-, 9- and 12-month old ram lambs of Menz and Horro sheep breeds indigenous to Ethiopian highlands. A total

of 278 ram lambs with substantial pedigree information were involved in the study. There was improvement in all semen and

spermatozoa traits with age, the means at 12 months being consistently superior to values at 6 and 9 months of age. There were

no signi®cant breed differences in any of the traits studied, except semen volume at 9 months (0.67, S.E. 0.07 for Horro versus

0.39, S.E. 0.05 ml for Menz) and proportion of dead spermatozoa at 12 months (0.18, S.E. 0.03 versus 0.23, S.E. 0.02,

respectively). Season was signi®cant (p<0.05) for most of the traits studied, and differences were attributed primarily to

nutrition. Semen collected in the wet season had higher spermatozoa concentration while samples collected in the dry season

had higher proportion of abnormalities. After correcting for differences in total spermatozoa abnormalities, the wet season (of

collection) had the highest spermatozoa output (volume�concentration) in 12-month old ram lambs. Heritability estimates

varied substantially in magnitude, ranging from zero to over 0.4. Traits with non-trivial heritability estimates were mass

motility at 9 months (0.32, S.E. 0.11), individual motility at 9 months (0.32, S.E. 0.12) and at 12 months (0.16, S.E. 0.12) and

proportion of abnormal spermatozoa at 9 months (0.35, S.E. 0.13). Genetic correlations among semen and spermatozoa

characteristics, as well as correlations with testicular measurements, were medium to high and generally favourable, but were

associated with large standard errors. The genetic correlations of scrotal circumference with semen volume (0.55, S.E. 0.11),

mass motility (0.62, S.E. 0.20), individual motility (0.54, S.E. 0.12), concentration (0.25, S.E. 0.04) and proportion of

abnormal spermatozoa (ÿ0.75, S.E. 0.24) in 12-month old rams indicated that selection based on this trait, which is highly
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heritable and easy to measure and can be measured early in life, should have appreciable favourable correlated response in

semen quality and spermatozoa production. # 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Measures of testicular size have received consider-

able attention as possible selection criteria for improv-

ing fertility in cattle and sheep, primarily because they

are highly heritable (Johnson et al., 1974; Coulter

et al., 1976; King et al., 1983; Lee and Land, 1985;

Ricordeau et al., 1986; Morris et al., 1992), and are

favourably or neutrally associated with female repro-

duction (Brinks et al., 1978; Purvis et al., 1988; Haley

et al., 1990; Mackinnon et al., 1990) and production

(Coulter et al., 1976; Coulter, 1980; Latimer et al.,

1982; Neely et al., 1982). Other desirable attributes of

these traits include ease of measurement and high

repeatability (Hahn et al., 1969; Knight, 1977) as well

as the fact that they can be measured on young

animals. Only very limited studies have examined

the association between measures of testicular or

scrotal size with components of semen and sperma-

tozoa quality or sperm output (Lino, 1972; Coulter

et al., 1976; Neely et al., 1982; Knight, 1984). Herit-

ability estimates of semen volume and spermatozoa

quality traits are even more limited. Yet it is known

that production of large numbers of high quality

spermatozoa of high fertility by genetically superior

sires is important for the improvement of overall ¯ock

fertility. Sire management practices may improve the

ef®ciency of recovery of spermatozoa but has not been

able to alter the basic spermatozoa producing cap-

abilities of sires (Coulter et al., 1976). Several studies

have linked spermatozoa production (concentration,

volume and quality) to ewe reproductive performance.

Colas (1981, 1983) found an association between

spermatozoa anomalies with fertility tests in Ile-de-

France rams. At high ewe to ram ratios, Gherardi et al.

(1980) found that conception rates would be increased

and percentage of non-pregnant ewes reduced by

using rams with high numbers of spermatozoa in their

testes. Examining the converse of this association,

Knight (1984) reported that selection for fecundity

in ewes increased spermatozoa production in rams by

18±69%.

A few studies have investigated the effect of season

on testicular measurements in sheep (Islam and Land,

1977; Dufour et al., 1984; Cameron et al., 1988). The

effects of season on spermatozoa characteristics, par-

ticularly in the tropics, have also received little atten-

tion (e.g. Galal et al., 1978; Amir et al., 1986) despite

the fact that male fertility is known to be affected by

season in temperate breeds. Although seasonality in

breeding is not a problem in the tropics, seasonal

differences in fertility have been observed and have

been associated with nutrition (Schoeman and Com-

brink, 1987; Mukasa-Mugerwa and Ezaz, 1992). The

®rst paper of the series (Toe et al., 2000) has presented

genetic parameters of testicular measurements in

Horro and Menz ram lambs of the Ethiopian high-

lands. Many studies have found that testicular devel-

opment in the growing animal is more closely

associated with body weight than with chronological

age (Notter et al., 1985; Sutama and Edey, 1985).

Speci®cally, development of somniferous tubules,

which are responsible for spermatogenesis, follows

a growth pattern similar to the testes (Orji and Stein-

bach, 1976) and, like the testes growth, is more closely

associated with body weight than with age (Courot,

1962). The development of the epididymis is also

more closely related to testes weight and body weight

than with age (Orji and Steinbach, 1976; Knight,

1977). The primary objective of the present paper

was to estimate heritabilities of, and genetic correla-

tions among semen and spermatozoa characteristics

and the relationships between these characteristics and

testicular measurements in the two breeds. A second-

ary objective was to examine the effects of season on

semen volume and spermatozoa characteristics in

these breeds.

2. Materials and methods

2.1. Description of study site

The study was conducted at the Debre Berhan

Research Station of the International Livestock
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Research Institute (ILRI) located in the central high-

lands of Ethiopia. A description of the site and experi-

mental protocol has been given by Toe et al. (2000) in

the ®rst paper of the series. Brie¯y, the climate is

characterised by a bimodal rainfall pattern. The long

rains come in June to September followed by a dry,

cold, season from October to January and a short rainy

season from February/March to April/May. Table 1

presents details of climatic data corresponding to the

periods during which semen measurements were taken.

2.2. Experimental animals

The study involved two sheep breeds, the Horro and

Menz, both indigenous to the highlands of Ethiopia.

Experimental lamb crops were produced by mating 10

sires of each breed to about 25 ewes each. The ewes

were oestrus-synchronised to reduce the length of the

lambing season. Single sire mating occurred in night

pens for 25 to 42 days and ewes grazed during the day.

Female lambs were separated from males at weaning

at about 3 months but were exposed to the same

paddocks in a rotational system until the end of the

experiment at 12 months of age. Lambs had access to

ad libitum hay in the night pens and were offered a

concentrate supplement consisting of 33% noug (Gui-

zotia abyssinica) cake, 65.5% wheat bran, 1% lime-

stone and 0.5% salt at the rate of 50±100 g/head/day

following weaning Ð until they were able to graze

actively Ð and during the peak dry season. The three

lamb crops studied were born in October/November

1992 (dry season), June/July 1993 (wet season)

and October/November 1993 (dry season). These

correspond to `mating groups' (season-year of birth)

Table 1

Climatic data corresponding to periods during which semen measurements were takena

Time of measurement and climatic parameters Mating group

1 2

Lambing date October/November 1992 June/July 1993

6-month measurements

Date of measurement April 1993 November/December 1993

Monthly rainfall (mm) 104.1 3.6

Total monthly PET (mm)b 132.5 97.9

Mean minimum temperature (8C) 7.8 1.8

Mean maximum temperature (8C) 22.8 22.1

Total monthly sunshine (h) 203.2 297.9

Mean RH (%)c 64.6 55.1

9-month measurements

Date of measurement July/August 1993 March 1994

Total monthly rainfall (mm) 315.4 80.3

Total monthly PET (mm) 57.5 103.1

Mean minimum temperature (8C) 6.6 7.7

Mean maximum temperature (8C) 19.2 23.5

Total monthly sunshine (h) 188.9 254.8

Mean RH (%) 75.7 55.1

12-month measurements

Date of measurement October 1993 June 1994

Total monthly rainfall (mm) 68.6 125.3

Total monthly PET (mm) 79.9 69.1

Mean minimum temperature (8C) 4.4 6.6

Mean maximum temperature (8C) 20.1 23.6

Total monthly sunshine (h) 275.1 129.0

Mean RH (%) 68.9 63.7

a For measurements taken over 2 months, climatic data are averages of the 2 months.
b Pan evapo-transpiration.
c Relative humidity averaged over values taken at 09:00, 12:00 and 15:00 hours.
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1, 2 and 3. Lambs from the ®rst two mating groups

were monitored up to the age of 12 months. However,

recording of semen and spermatozoa characteristics

was terminated just after Group 3 lambs had attained 6

months of age. The data used for genetic parameters

consisted of about 204 and 278 ram lambs at 9 and 12

months, respectively, with ancestry information invol-

ving 936 individual animals. The ram lambs with

records at 9 months were progeny of 37 sires and

55 dams while those at 12 months were progeny of 43

sires and 65 dams.

2.3. Data recorded

Liveweights were recorded on all lambs at birth and

subsequently at each month. Semen was obtained

from the ram lambs at 6, 9 and 12 months of age

using an electro-ejaculator. The volume of the ejacu-

late was read directly from a graduated collection

tube. Individual forward motility was estimated by

examining one drop of semen, diluted in 3.8% sodium

citrate solution, under a microscope at a medium

magni®cation (10�40). Mass motility was scored

subjectively on a 0±5 scale on the basis of wave

motion readings from a microscope at low (10�10)

magni®cation. Semen concentration was determined

using a standard spectrophotometer while proportion

of dead spermatozoa was determined by examining

200 spermatozoa in an eosin-nigrosine smear and

categorising them into coloured (dead) and non-

coloured (alive) cells under a microscope at high

magni®cation (10�100). The proportion of morpho-

logically abnormal spermatozoa was also determined

by examining 200 spermatozoa in an eosin-nigrosine

smear under the same magni®cation. Abnormal

spermatozoa were then classi®ed into proportion of

spermatozoa with: head abnormalities, midpiece

abnormalities, proximal droplet, distal droplet,

detached heads or tailless spermatozoa. Testicular

measurements Ð scrotal circumference, testicular

diameter, testicular length and epididymal diameter

Ð were measured as described in the companion

paper (Toe et al., 2000).

2.4. Data analysis

The effect of `mating group', breed, parity of dam

(two levels: 1,�2) and type of birth (two levels: single

and multiple) were analysed in a ®xed-effects model

using the general linear model (GLM) procedure of

the Statistical Analysis System (SAS, 1994). The

dependent variables analysed were semen volume,

mass motility, individual motility, concentration, per-

cent dead spermatozoa and percent abnormal sperma-

tozoa. Speci®c abnormality types Ð proximal droplet,

head abnormalities, midpiece abnormalities, tailless-

ness, and headlessness were also analysed. The rela-

tive effects of age and body weight on these variables

and on testicular measurements were studied by ®tting

age and weight as covariates in the basic ®xed effects

model.

Heritabilities were estimated from individual ani-

mal models (IAM) using average information

restricted maximum likelihood (AIREML) procedure

as described by Gilmour et al. (1995) and including

the ®xed effects of mating group, breed, parity of dam

and type of birth. Lamb age was included in the model

for those variables for which it was found signi®cant in

the ®xed effects analyses. Two IAMs, one with only

the additive genetic effect and the other with the

additive maternal component as a second random

effect, were used in preliminary analyses to obtain

heritability estimates for semen and spermatozoa

characteristics. However, as is the case in temperate

breeds, the maternal component was consistently low

and insigni®cant and, hence, was not included in the

®nal analyses. Genetic correlations were estimated

from multivariate IAM, also applying AIREML.

The number of lambs from which semen was success-

fully collected at 6 months of age was too small to

allow estimates of genetic parameters of semen and

spermatozoa characteristics for this age group, as there

were problems with convergence for virtually all

traits.

3. Results

3.1. Means and variation

Table 2 summarises least squares means and coef®-

cients of variation obtained from the least squares

analyses for semen and spermatozoa characteristics at

6, 9 and 12 months of age. The proportion of ram

lambs from which semen could be collected generally

increased with age. At 12 months of age, nearly 95%
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of lambs yielded semen. The ®gures at 6 and 9 months

relative to 12 months were about 50 and 73%, respec-

tively. Coef®cients of variation were generally large,

the lowest ones being 30.8% for individual motility

and 43.3% for semen concentration at 12 months, and

several being larger than 100%. The mean values for

semen volume, mass motility, individual motility and

semen concentration increased with age, particularly

between 9 and 12 months. The magnitude of decrease

in CV of individual motility indicates that the amount

of variation in this trait also decreased consistently

with age. Residual standard deviations of volume,

mass motility and concentration also tended to

increase with age, but to a smaller extent than did

the means. For the semen quality traits Ð proportion

of dead, proportion of abnormal, and proportionate

contributions of the individual spermatozoa abnorm-

ality types to overall abnormal count Ð the CVs

generally increased with age, as would be expected

for qualitative traits at low frequency, which became

less frequent with age.

Other than mating group, and hence year-season,

which was signi®cant for several of the traits studied,

the other effects were generally not signi®cant for

these traits. Sub-class least squares means of mating

group are summarised in Table 3. At 6 months of age,

lambs born in the wet season (mating Group 2)

produced semen with the highest mass spermatozoa

motility and highest concentration. However, sperma-

tozoa in these ejaculates had a high proportion of

detached heads. The mean proportion of detached

spermatozoa heads in ejaculates of lambs born in

the two dry seasons (1 and 3) were, however, not

signi®cantly different from zero.

The only traits for which mating group was sig-

ni®cant at 9 months of age were total spermatozoa

abnormalities and three of its components Ð head

abnormalities, detached heads and midpiece abnorm-

alities. For these traits, semen of ram lambs born in the

wet season had a higher proportion of abnormalities

than did semen of ram lambs born in the dry season.

The same trend persisted to 12 months of age at which

total spermatozoa abnormalities, head, midpiece and

tail abnormalities as well as proportion of spermato-

zoa with detached heads were signi®cantly higher (at

least p<0.05) in ejaculates of lambs born in the wet

season than those born in the dry season. The converse

was true for semen concentration. However, both mass

motility and individual motility were higher in semen

of lambs born in the dry season.

There were no signi®cant (p>0.05) breed differ-

ences in any of the traits studied except semen volume

at 9 months of age and proportion of dead spermatozoa

at 12 months of age. The Horro had a higher (p<0.01)

Table 2

Least squares means (and S.E.) and CV(%) of semen and spermatozoa characteristics at 6, 9 and 12 months of age

Trait Age

6 monthsa 9 months 12 months

No. of

records

LSM CV No. of

records

LSM CV No. of

records

LSM CV

Semen volume (ml) 137 0.30 (0.67) 71.0 204 0.47 (0.052) 69.9 278 0.58 (0.04) 64.7

Mass motility (score)b 114 1.06 (0.511) 93.0 196 1.62 (0.300) 92.7 274 2.65 (0.187) 63.7

Individual motility (%) 114 47.0 (8.14) 58.0 196 48.1 (4.60) 44.7 274 67.0 (2.29) 30.8

Semen concentration

(1012 cells/ml)

114 1.21 (0.39) 66.3 196 1.92 (0.19) 60.7 274 2.43 (0.12) 43.3

Dead spermatozoa (%) 109 29.4 (5.97) 64.0 193 32.3 (3.80) 73.7 272 20.5 (1.93) 77.0

Total abnormal (%) 107 45.6 (12.96) 75.7 193 41.5 (4.39) 68.3 272 11.6 (1.51) 112.4

Proximal droplet (%) 105 25.6 (9.10) 164.2 193 4.0 (2.82) 359.3 272 0.06 (0.02) 690.6

Tail abnormalities (%) 105 16.7 (3.09) 73.8 193 16.4 (2.69) 105.7 272 5.0 (0.55) 86.9

Head abnormalities(%) 105 6.2 (2.25) 98.1 193 4.6 (0.83) 125.0 272 1.0 (0.32) 228.5

Midpiece abnormalities (%) 105 11.5 (2.38) 74.9 193 13.2 (2.34) 107.2 272 3.2 (0.41) 114.7

Detached heads (%) 105 13.8 (6.08) 105.7 193 14.2 (2.83 157.1 272 2.5 (1.05) 320.9

a Despite the three mating groups, there was a smaller number of animals with records at this young age.
b Scored 0±5 on basis of wave motion readings.

J.E.O. Rege et al. / Small Ruminant Research 37 (2000) 173±187 177



semen volume than the Menz (0.67, S.E. 0.07 versus

0.39, S.E. 0.05 ml) at 9 months and registered a lower

(p<0.01) proportion of dead spermatozoa at 12 months

of age than did the Menz (0.18, S.E. 0.03 versus 0.23,

S.E. 0.02).

Lambs born as singles had lower (p<0.05) propor-

tion of spermatozoa tail abnormalities (0.11, S.E. 0.02

versus 0.21, S.E. 0.05) and lower (p<0.05) overall

spermatozoa mortality (0.01, S.E. 0.02 versus 0.10,

S.E. 0.04%) than did those born as multiples.

Table 3

Sub-class least squares means (and S.E.) of mating group (year-season) for semen and spermatozoa characteristics

Trait Mating group F-test

1 2 3a

6 months

Semen volume (ml) 0.27 (0.06) 0.36 (0.007) 0.24 (0.13) NS

Mass motility (score)b 0.60 (0.53) 2.17 (0.51) 0.30 (0.93) **

Individual motility (%) 42.8 (8.43) 47.1 (8.17) 42.7 (14.75) NS

Semen concentration (1012 cells/ml) 0.561 (0.40) 1.79 (0.39) 1.17 (0.70) **

Dead spermatozoa (%) 21.8 (6.23) 32.6 (6.01) 31.4 (10.79) NS

Total abnormal (%) 27.8 (15.47) 63.4 (13.18) 54.0 (19.56) NS

Proximal droplet (%) 35.1 (9.66) 15.6 (9.33) 14.6 (14.49) NS

Tail abnormalities (%) 17.6 (3.24) 18.2 (3.11) 11.8 (5.58) NS

Head abnormalities (%) 5.0 (2.36) 7.3 (2.26) 5.7 (4.06) NS

Midpiece abnormalities (%) 12.4 (2.50) 13.6 (2.40) 7.2 (4.30) NS

Detached heads (%) 4.9 (6.40) 24.2 (6.13) 13.8 (10.99) **

Average no. of records 47 49 19

9 months

Semen volume (ml) 0.49 (0.04) 0.57 (0.07) ± NS

Mass motility (score) 1.92 (0.27) 1.46 (0.41) ± NS

Individual motility (%) 60.0 (4.07) 51.1 (6.23) ± NS

Semen concentration (1012 cells/ml) 1.71 (0.17) 2.00 (0.26) ± NS

Dead spermatozoa (%) 26.6 (3.38) 26.5 (5.18) ± NS

Total abnormal (%) 27.3 (3.94) 48.4 (5.88) ± **

Proximal droplet (%) 3.7 (2.51) 3.1 (3.84) ± NS

Tail abnormalities (%) 14.6 (2.39) 15.0 (3.67) ± NS

Head abnormalities (%) 3.3 (0.74) 6.8 (1.13) ± **

Midpiece abnormalities (%) 11.7 (2.08) 14.6 (3.18) ± *

Detached heads (%) 7.4 (2.52) 15.1 (3.86) ± *

Average no. of records 143 53

12 months

Semen volume (ml) 0.60 (0.06) 0.56 (0.04) ± NS

Mass motility (score) 3.17 (0.25) 2.14 (0.02) ± **

Individual motility (%) 72.8 (3.04) 62.7 (2.47) ± **

Semen concentration (1012 cells/ml) 2.17 (0.16) 2.69 (0.13) ± **

Dead spermatozoa (%) 18.1 (2.58) 22.5 (2.07) ± NS

Total abnormal (%) 7.1 (2.00) 15.6 (1.62) ± **

Proximal droplet (%) 0.04 (0.03) 0.08 (0.02) ± NS

Tail abnormalities (%) 2.79 (0.73) 7.04 (0.59) ± **

Head abnormalities (%) 0.36 (0.42) 1.38 (0.34) ± **

Midpiece abnormalities (%) 2.09 (0.55) 4.12 (0.44) ± **

Detached heads (%) 0.95 (1.40) 3.61 (1.12) ± *

Average no. of records 101 173

* p<0.05.
** p<0.01.
a Data available only up to 6 months.
b Scored 0±5 on basis of wave motion.
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3.2. Effects of body weight and age on semen traits

To examine the relative effects of age and body

weight on testicular measurements and semen char-

acteristics, individual body weight ®gures were

expressed, using daily gain ®gures of each animal

between 6 and 12 months of age, into units of gain per

day. This new variable (body weight in average daily

gain units) was included as a covariate in ®xed effects

analyses which also included age as a covariate in

addition to the other discrete effects. For example, a

20 kg animal aged 46 weeks and exhibiting a growth

rate of 0.043 kg per day between the age of 6 and 12

months had 20/0.043�465.1 `daily gain units' (DGU)

of weight and 322 days of age. The dependent vari-

ables in these analyses were changes in testicular

measurements and semen characteristics between 6

and 12 months of age. This allowed the effects of DGU

(a proxy for weight change) and age to be examined

relative to each other on a `per day basis'. The partial

regression coef®cients for age and DGU in these

analyses were estimates of changes in dependent

variables per day due to age and to body weight

change, respectively. Results summarised in Table 4

indicate that DGU consistently had a larger effect on

all testicular measurements than did chronological

age, ranging from 1.1 times for scrotal circumference

to 1.6 times for testicular diameter and testicular

length. Additionally, weight accounted for a larger

variation in all testicular traits than did age. Again, the

variation accounted for by DGU was much larger

(relative to age) for testicular diameter (6.1 times)

and testicular length (6.2 times) and relatively less for

scrotal circumference (2.8 times). Among semen char-

acteristics, weight was only signi®cant for mass moti-

lity for which its sums of squares represented 2.2% of

the total sums of squares. On the other hand, age was

signi®cant (at least p<0.05) for semen volume and,

among abnormality types, head abnormality, midpiece

abnormality, taillessness, detached heads and proxi-

mal droplet. For all these traits, older age was asso-

ciated with increased scrotal `size' and semen quality

(Table 4).

3.3. Heritability estimates

Table 5 presents heritability estimates for some

semen and spermatozoa characteristics at 9 and 12

Table 4

Effect of age and body weight change between 6 and 12 months of age on testicular measurements and semen characteristics

Trait Change per day of age due toa % Variation due to

Age DGUb Age DGU

Testicular measurements

Scrotal circumference (cm) 0.023 (**) 0.025 (**) 4.29 12.35

Testicular diameter (mm) 0.035 (**) 0.055 (**) 3.02 18.45

Testicular length (mm) 0.060 (**) 0.096 (**) 3.04 18.64

Epididymal diameter (mm) 0.016 (**) 0.024 (**) 2.44 13.64

Semen traits

Semen volume (ml) 0.001 (**) 0.000 (NS) 0.78 0.05

Mass motility (score) ÿ0.001 (NS) 0.003 (**) 0.21 2.21

Individual motility (%) 0.018 (NS) 0.017 (NS) 0.15 0.33

Semen concentration (109cells/ml) 0.846 (NS) 0.465 (NS) 0.10 0.10

Spermatozoa mortality (%) ÿ0.004 (NS) ÿ0.012 (NS) 0.00 0.03

Total spermatozoa abnormality (%) 0.002 (NS) 0.005 (NS)

Head abnormality ÿ0.008 (*) ÿ0.001 (NS) 9.63 0.06

Midpiece abnormality ÿ0.020 (**) ÿ0.001 (NS) 1.65 0.02

Tailless ÿ0.016 (*) ÿ0.005 (NS) 0.76 0.19

Detached heads ÿ0.023 (*) ÿ0.004 (NS) 0.77 0.07

Proximal droplet ÿ0.022 (*) ÿ0.000 (NS) 0.75 0.00

Distal droplet 0.000 (NS) ÿ0.000 (NS) 0.15 0.00

a Derived from partial regression coef®cients of age (in days) and DGU (for weight).
b Daily gain units as de®ned in Section 3.2.
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months of age. Estimates were quite varied in magni-

tude ranging from zero or nearly zero to over 0.4. Mass

motility had a high heritability estimate both at 9

(0.32, S.E. 0.11) and at 12 months of age (0.27,

S.E. 0.15) while the estimate for individual motility

was also high at 9 months (0.32, S.E. 0.12) but much

lower at 12 months (0.16, S.E. 0.12). The estimate for

spermatozoa abnormality (overall) at 9 months (0.35,

S.E. 0.13) was considerable but, like individual moti-

lity, was much lower at 12 months (0.16, S.E. 0.16).

Proximal droplet was the only spermatozoa abnorm-

ality type with a non-trivial heritability estimate, both

at 9 (0.42, S.E. 0.19) and at 12 months (0.30, S.E. 0.11).

3.4. Phenotypic and genetic correlations

Estimates of phenotypic and genetic correlations

among semen and spermatozoa characteristics and

their phenotypic standard deviations are presented

in Table 6. Both phenotypic and genetic correlations

ranged from high negative to high positive. Sperma-

tozoa abnormality was negatively correlated, both

phenotypically and genetically, with semen volume,

mass motility, individual motility and semen concen-

tration in both 9 and 12-month old ram lambs. All the

other correlations, both phenotypic and genetic, were

positive except the genetic correlation between semen

concentration and volume which was negative both at

9 (ÿ0.24, S.E. 0.16) and at 12 (ÿ0.38, S.E. 0.13)

months of age. It should, however, be noted that the

correlations involving volume and concentration may

be partly due to a `part-whole' relationship expected

due to the `physical' relationship between the two

variables in any ¯uid system. Phenotypic correlations

were moderate to high and all signi®cant with the

exceptions of correlations of total spermatozoa

abnormality with semen volume at 9 (ÿ0.05, S.E.

0.11) and at 12 months (ÿ0.12, S.E. 0.05) and with

semen concentration at 12 months (ÿ0.12, S.E. 0.02)

which were quite low. The strongest phenotypic cor-

relation was that between spermatozoa abnormality

with individual motility at 9 months (ÿ0.69, S.E.

0.04). Among the genetic correlation estimates, the

strongest were those of mass motility with semen

concentration at 9 months (0.98, S.E. 0.22) and with

individual motility at 9 (0.78, S.E. 0.22) and 12

months (0.96, S.E. 0.21), individual motility with

spermatozoa abnormality at 9 months (ÿ0.97, S.E.

0.22) and with semen concentration at 9 (0.75, S.E.

0.25) and 12 months (0.74, S.E. 0.31), and that

between total abnormality and semen concentration

at 9 (ÿ0.95, S.E. 0.13) and at 12 (ÿ0.96, S.E. 0.14)

months of age.

3.5. Relationship between semen characteristics and

testicular measurements

Phenotypic and genetic correlations between semen

characteristics and testicular measurements are pre-

sented in Table 7. Most of the phenotypic correlation

estimates were low to medium. Notable signi®cant

estimates included: the phenotypic correlation, among

Table 5

Heritability estimates (and S.E.) for semen and spermatozoa characteristics at 9 and 12 months of age

Characteristic Age

9 months 12 months

No. of records h2 No. of records h2

Semen volume 203 0.07 (0.22) 278 0.11 (0.11)

Mass motility 196 0.32 (0.11) 271 0.27 (0.15)

Individual motility 194 0.32 (0.12) 268 0.16 (0.12)

Semen concentration 194 NAa 268 0.17 (0.15)

Dead spermatozoa 191 0.17 (0.18) 265 0.01 (0.10)

Total abnormal 191 0.35 (0.13) 265 0.16 (0.16)

Proximal droplet 191 0.42 (0.19) 265 0.30 (0.11)

Distal droplet 191 0.05 (0.22) 265 NA

Taillessness 191 0.13 (0.11) 265 0.10 (0.12)

a Estimate not available: no convergence.
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9-month old ram lambs, of mass motility with all

scrotal measurements; the correlation of individual

motility at 9 months with all scrotal measurements,

except epididymal diameter; and the correlations of

spermatozoa abnormality with scrotal circumference

(ÿ0.33, S.E. 0.07), testicular diameter (ÿ0.40, S.E.

0.07), testicular length (ÿ0.29, S.E. 0.04) and epidi-

dymal diameter (0.27, S.E. 0.04) at 9 months.

Genetic correlations involving several trait pairs

were not available due to non-convergence. However,

Table 6

Phenotypic (below diagonal) and genetic (above diagonal) correlations (and S.E.) among semen characteristics in 9 and 12-month old ram

lambs

SV (ml) MM (score)a IM (%) CC (1012 cells/ml) TA

Semen volume (SV)

9 months 0.40 (0.23) 0.40 (0.13) ÿ0.24 (0.16) ÿ0.39 (0.11)

12 months 0.51 (0.22) 0.28 (0.13) ÿ0.38 (0.13) ÿ0.15 (0.08)

Mass motility (MM)

9 months 0.21 (0.04) 0.78 (0.22) 0.98 (0.22) ÿ0.64 (0.18)

12 months 0.48 (0.05) 0.96 (0.21) 0.58 (0.23) ÿ0.60 (0.13)

Individual motility (IM)

9 months 0.27 (0.07) 0.64 (0.06) 0.75 (0.25) ÿ0.97 (0.22)

12 months 0.32 (0.06) 0.67 (0.03) 0.74 (0.31) ÿ0.65 (0.13)

Semen concentration (CC)

9 months 0.27 (0.04) 0.59 (0.02) 0.46 (0.05) ÿ0.95 (0.13)

12 months 0.26 (0.04) 0.52 (0.05) 0.34 (0.05) ÿ0.96 (0.14)

Total abnormality (TA)

9 months ÿ0.05 (0.11) ÿ0.48 (0.08) ÿ0.69 (0.04) ÿ0.36 (0.07)

12 months ÿ0.12 (0.05) ÿ0.30 (0.05) ÿ0.45 (0.02) ÿ0.12 (0.02)

Phenotypic S.D.

9 months 0.28 1.64 26.05 1.04 25.3

12 months 0.38 1.67 19.67 1.05 12.5

a Scored on a 0±5 scale on the basis of wave motion readings under microscope.

Table 7

Genetic (G) and phenotypic (P) correlations (and S.E.) between semen characteristics and testicular measurements in 9 and 12-month old ram

lambsa

Semen characteristic Testicular measurement

SC9 SC12 TD9 TD12 TL9 TL12 ED9 ED12

Semen volume G n.e.b 0.55 (0.11) n.e. 0.99 (0.22) ÿ0.56 (0.11) n.e. n.e. n.e.

P 0.71 (0.02) 0.07 (0.02) 0.01 (0.03) 0.06 (0.01) 0.01 (0.02) 0.12 (0.03) ÿ0.01 (0.05) 0.15 (0.04)

Mass motility G 0.40 (0.18) 0.62 (0.20) 0.40 (0.15) n.e. n.e. n.e. n.e. n.e.

P 0.43 (0.05) 0.05 (0.08) 0.40 (0.06) 0.06 (0.06) 0.47 (0.02) 0.20 (0.06) 0.49 (0.07) 0.08 (0.08)

Individual motility G 0.43 (0.28) 0.54 (0.12) 0.48 (0.23) n.e. 0.59 (0.24) n.e. 0.58 (0.48) n.e.

P 0.31 (0.07) 0.18 (0.04) 0.29 (0.09) 0.18 (0.05) 0.39 (0.09) 0.16 (0.04) 0.16 (0.11) 0.18 (0.04)

Semen concentration G n.e. 0.25 (0.04) 0.73 (0.32) n.e. 0.89 (0.19) 0.98 (0.40) 0.77 (0.59) 0.09 (0.28)

P 0.19 (0.02) ÿ0.18 (0.05) 0.21 (0.02) 0.09 (0.07) 0.21 (0.02) 0.09 (0.07) 0.37 (0.07) 0.00 (0.03)

Total abnormality G ÿ0.53 (0.21) ÿ0.75 (0.24) ÿ0.64 (0.27) n.e. n.e. n.e. ÿ0.58 (0.23) n.e.

P ÿ0.39 (0.07) ÿ0.15 (0.03) ÿ0.40 (0.07) ÿ0.29 (0.06) ÿ0.29 (0.04) ÿ0.09 (0.03) ÿ0.27 (0.04) ÿ0.13 (0.03)

a At 9 and 12 months: SC: scrotal circumference; TD: testicular diameter; TL: testicular length, and ED: epididymal diameter.
b Not estimable: no convergence.
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as was the case with correlations among semen char-

acteristics, the available genetic correlations between

semen characteristics and testicular measurements

were generally higher than corresponding phenotypic

correlations and in the medium to high range. Most

estimates were associated with large standard errors.

All signi®cant correlations were desirable in direction

except that between semen volume and testicular

length at 9 months (ÿ0.56, S.E. 0.11).

4. Discussion

4.1. Effect of season

Effects of important climatic factors on semen

quality traits, particularly those, such as temperature,

which are closely associated with seasonal weather

patterns, are known to be immediate (Colas, 1983).

Thus, although the analysis was based on season of

birth, from the point of view of semen and sperma-

tozoa characteristics, the results must be interpreted in

terms of season of semen collection. The important

climatic variables associated with season in this envir-

onment are summarised in Table 1. An examination of

Table 3 alongside Table 1 shows the conditions under

which measurements for Groups 1 and 2 lambs were

taken at 6, 9 and 12 months of age. At each age of

measurement, seasons were substantially and consis-

tently different in terms of the amount of environ-

mental moisture, determined by a combination of both

rainfall and evapotranspiration. Seasons also differed

in terms of the total hours of sunshine and relative

humidity, but these were closely related to rainfall.

Thus, the number of sunshine hours was higher in

the dry than in the wet months. There were also

small differences in ambient temperatures. At both

6 and 9 months of age, measurements on Group 2

lambs were taken in drier months than those of their

Group 1 counterparts. The difference in semen

quality characteristics of the two groups of lambs

at the two ages can be explained in terms of differ-

ences in environmental moisture, principally rainfall.

These results show that semen collected in the dry

seasons had higher frequency of spermatozoa abnorm-

alities than that collected in the wet seasons. However,

there was no consistent season effect on the other

traits.

The results at 12 months of age may seem contra-

dictory to those at 6 and 9 months: Group 1 lambs,

recorded in a drier season (Table 1), had lower sper-

matozoa abnormalities (Table 3). A closer examina-

tion of the June 1994 weather records revealed that,

out of the 125 mm of rainfall for that month, only

21.7 mm was recorded before June 23, and this was

distributed over 3 widely spaced days. On the other

hand, the 12 month ejaculates of Group 2 lambs were

all taken between June 16 and 21. This detailed look at

the weather data reveals a clear association of semen

abnormalities with dry weather conditions.

There is dearth of literature on the effect of envir-

onmental factors on ram semen characteristics in the

tropics. However, crossbred (Bos taurus�B. indicus)

bulls exhibited worse semen quality during the dry

than during the wet season in Nigeria (Kumi-Daika

et al., 1981; Rekwot et al., 1981). The physiological

explanation for the association between environmen-

tal moisture and spermatozoa abnormality remains

illusive. This is particularly so considering that ani-

mals in the present study had free access to drinking

water. It remains to be shown whether increased

spermatozoa abnormalities during the drought is

due to increased sunshine, reduced moisture or

changes in other weather parameters.

The only other semen characteristics which were

affected by season were mass motility at 6 and 12

months, individual motility at 12 months and concen-

tration at 6 and 12 months. Ejaculates obtained during

dry seasons tended to have higher concentration of

spermatozoa which were also more motile. Again,

given the ad libitum availability of drinking water, the

reason for the association of dry season with high

concentration was not obvious, especially since sea-

son did not have a signi®cant effect on semen volume.

That mass motility was high whenever spermatozoa

concentration was high was not surprising: higher

concentration of spermatozoa is expected to result

in a higher wave motion score compared to lower

concentration of spermatozoa of the same individual

motility.

In Canada, Dufour et al. (1984) reported that

percent dead spermatozoa was highest in the summer

and lowest in the autumn while minimum semen

output was recorded in the summer and maximum

in the winter. After correcting for differences in

spermatozoa abnormalities in the present study, wet
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season ejaculates yielded a higher sperm output

(volume�concentration) than dry season. Although

there are only limited publications on the effect of

season on semen characteristics in the tropics, the

association of semen production and spermatozoa

characteristics with season has been widely reported

in the sub-tropical and temperate climates. It has been

shown that the combined effects of temperature and

photoperiodism lead to low fertility in spring and high

fertility in autumn (Amir et al., 1986). Testicular size,

semen quality, sperm output and libido have been

found to be higher during decreasing day length

(Pelletier et al., 1988; Ringwall et al., 1990). Dufour

et al. (1984) reported that semen output (volume�
concentration) varied with season of year and showed

a similar seasonal pattern to that of testicular diameter.

Coulter and Foote (1976) observed a decrease in

scrotal circumference in Holstein bulls from early

spring to late summer and suggested that high tem-

peratures in the summer may have caused a more

pendulous scrotal arrangement with reduced wrink-

ling, or that scrotal circumference may have decreased

as a physiological response to temperature. Whatever

the cause, these changes may in¯uence semen produc-

tion. Season has also been reported to have signi®cant

effect on percent live spermatozoa in temperate cli-

mates (Colas, 1980; Dufour et al., 1984). High tem-

peratures, particularly in association with increasing

day length during summer months, has been shown to

be associated with poor semen quality and low fertility

in rams (Dufour et al., 1984). A hot environment also

decreases serving capacity, semen motility and sperm

cell density and increases total number of abnormal

spermatozoa. Dufour et al. (1984) reported reduced

spermatozoa motility in the spring when percent

spermatozoa alive was also lower, but found testicular

and testosterone measurements to be less prone to

seasonal ¯uctuations than spermatozoa traits.

Characteristics of seasons as de®ned in this tropical

environment differ substantially from those found in

temperate conditions. Speci®cally, the seasonal varia-

tion in temperatures in this cool highland environment

was rather small. Thus, relating seasonal effects in the

temperate region to those in the tropics in general, and

to this tropical highland environment in particular,

must be done cautiously. Indeed, and as has been

alluded to, the major difference between seasons in

the temperate region is related to seasonality in breed-

ing associated with a combination of temperature and

photoperiodism while seasons in the environment of

the present study differed principally in terms of

rainfall and its effects on quality and quantity of feed

from pasture. Indeed, because photoperiodism and

temperature are ruled out as important factors in

explaining seasonal differences in this type of envir-

onment, these differences can only intuitively be

attributed to varying levels of nutrition.

On the basis of results from supplementation trials,

Schoeman and Combrink (1987) concluded that level

of nutrition had signi®cant effect on testicular size and

ram fertility and suggested that rams should be sup-

plemented during the breeding season, particularly if

this coincided with the dry season. Oldham et al.

(1978) found that feed restriction impaired semen

production. Cameron et al. (1988) reported that

improved nutrition was associated with increased

scrotal circumference. In the present study, rams

had access to ad libitum hay and were supplemented

during the dry season. However, following the

rains, pastures were much more superior in quality

and quantity compared to the end of the dry season.

It is unlikely that the supplementation levels applied

during the dry season adequately compensated for

this difference. Mukasa-Mugerwa and Ezaz (1992)

reported large differences in both scrotal circumfer-

ence and age at puberty (de®ned as age at ®rst

collection of an ejaculate with at least 50�106 sperm

cells and 10% motility) between Menz lambs, on

higher plane versus those on a lower plane of nutrition

at the same location as that of the present study.

That study also found that lambs born during the

wet season reached puberty at a younger age, but

did not ®nd signi®cant season effect on scrotal

circumference.

Colas (1981) proposed that, among spermatozoa

traits, spermatozoa abnormalities would be the best

indicator of season effects because it is closely related

to the fertility test. The present study, found detached

spermatozoa heads to be consistently affected by

season (of collection) at all ages, being more frequent

in seasons characterised by reduced precipitation,

which also happened to be seasons with decreased

feed supply. Additional studies are required to

determine the relative contributions of the different

climatic variables and nutrition to the observed season

effect.

J.E.O. Rege et al. / Small Ruminant Research 37 (2000) 173±187 183



4.2. Effects of body weight and age

The result that semen characteristics improved with

age in this study was expected. In a study by Mukasa-

Mugerwa and Ezaz (1992), the Menz attained puberty

at a mean age of 9.6 months, weighing 19 kg with a

mean scrotal circumference of 21.5 cm. Testicular

measurements also increased with age (Toe et al.,

2000). In the ram, puberty, de®ned as the age at which

spermatozoa appear in the seminiferous tubules, epi-

didymis or ejaculates, is attained over a wide age

range depending on the breed (Haynes and Schanba-

cher, 1983) and other management factors. Changes in

sperm quality after puberty are attributable to testi-

cular growth (Courot, 1979), among other factors, and

sperm quality improves with age in the adult ram

(Wiemer and Ruttle, 1987). It has also been shown that

ejaculates from younger rams contain a greater num-

ber of abnormal cells consisting, in the most part, of

head malformations and proximal cytoplasmic droplet

which indicate incomplete spermatogenic activity and

incomplete epididymal maturation (Colas, 1983). The

change in the characteristics of the semen of the

pubertal ram with age was, however, quite dramatic,

especially between 9 and 12 months of age (Table 2).

The present results concur with available reports

which have examined the relationship of body weight

with testicular measurements and semen characteris-

tics (Courot, 1962; Orji and Steinbach, 1976; Knight,

1977; Notter et al., 1985; Sutama and Edey, 1985) but

also indicate that, while body weight is more impor-

tant than age in determining testicular growth and

development, its in¯uence on semen quality charac-

teristics, especially different abnormality types, is

much weaker compared to that of chronological

age. Indeed, even mass motility, for which DGU

was relatively more important than age, only increased

by 0.003 unit scores per 1 day change (equivalent to

38.5 g) in body weight. On the other hand, the strong

association between age and spermatozoa abnormality

showed that abnormality decreased consistently with

age between 6 and 12 months of age.

4.3. Genetic parameters

Despite the generally large standard errors asso-

ciated with parameter estimates in this study, and

which was attributed to the small size of the data,

there was clear indication of non trivial estimates for

many of the traits studied. Heritability estimates in the

present study point to the opportunity for genetic

improvement of some semen and spermatozoa char-

acteristics through selective breeding. There seem to

be scope for genetic improvement of spermatozoa

motility and for reducing spermatozoa abnormality

in general and proximal droplet in particular. Semen

volume and concentration, although less heritable, had

higher heritability in 12 than in 9-month old ram

lambs. Selection on these traits would probably be

most bene®cial in mature rams. It must, however, be

recognised that electro-ejaculation tends to yield vari-

able results and that this may be particularly so among

young ram lambs with low semen output. This may be

responsible for the low heritability estimates, espe-

cially for semen volume in 6-month old ram lambs.

Both individual and mass motility had strong and

favourable genetic correlations with the other semen

traits, especially among yearling rams. Thus, selection

on one or both of these traits should have favourable

correlated response in the other traits. These results

are in general agreement with reports in the literature

on different animal species. Johnson et al. (1974)

estimated heritability of semen concentration in year-

ling Hereford bulls at 0.3 while total sperm in the

testes and epididymis had heritability estimates of

0.60 and 0.40, respectively. Neely et al. (1982)

reported high genetic correlations (over 0.85) between

scrotal measurements and sperm production in Here-

ford bulls and concluded that selection on scrotal

circumference and/or diameter should result in

increased testis size and total sperm production.

Even more encouraging in the present study were

the favourable genetic (and phenotypic) correlations

of semen and spermatozoa characteristics with testi-

cular measurements. These results support other stu-

dies which have suggested the use of testicular

measurements to improve ¯ock fertility. Due mainly

to their relative ease of measurement, testicular traits

have received considerable attention as the means to

improve male reproductive performance. Many stu-

dies in cattle (Willett and Ohms, 1957; Hahn et al.,

1969; Almquist et al., 1976; Coulter et al., 1976; Neely

et al., 1982) have reported moderate to high genetic

correlations among various measures of scrotal size,

testes size and sperm production. Lino (1972) and

Lino and Braden (1972) have suggested the use of
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testes weight to predict daily sperm output in rams.

Available evidence seems to suggest that, despite the

high heritability estimates obtained in the present

study, for some of the semen traits, selection should

be based on testicular measurements. Several studies

have shown that testes weight is the testicular mea-

surement most correlated with all aspects of sperm

production in the young (Knight, 1984) and adult rams

(Knight, 1977; Cameron et al., 1984a; b). However,

accurate testes weight is not obtainable on live ani-

mals. On the other hand, such measurements as tes-

ticular diameter and scrotal circumference have been

shown to be highly correlated with testes weight as

well as to spermatozoa production in cattle (Johnson

et al., 1974; Coulter et al., 1976; Brinks et al., 1978;

Neely et al., 1982), sheep (Knight, 1977) and pigs

(Wilson et al., 1977; Rathje et al., 1995).

5. Conclusion

Although higher frequencies of spermatozoa

abnormalities occurred during the dry season, this

could not be attributed to precipitation per se or to

differences between seasons in ambient temperatures.

Relatively poor nutrition during the dry season was a

more probable cause, but this needs further investiga-

tion. Nonetheless this result plus the observed higher

semen output during the wet season suggest that, in the

absence of adequate supplementary feeding, there

may be advantages in breeding during the wet season,

particularly if the seasonal cycle is such that the

lambing season would not put lambs at a nutritional

disadvantage. Moreover, the association between

body weight and testicular measurements and the

established relationship between the latter and fertility

emphasise the importance of ensuring that any selec-

tion of ram lambs based on testicular measurements be

done when they are in good body condition.

Heritability estimates indicated opportunity for

genetic improvement of spermatozoa motility and

for reducing spermatozoa abnormality, especially

proximal droplet. Selection on spermatozoa motility

is likely to be accompanied by favourable correlated

response in other spermatozoa traits. However, taken

together, the present results, those reported in the

companion paper (Toe et al., 2000) and results in

the literature, indicate that scrotal circumference pro-

vides a bigger scope for genetic improvement of

fertility in ram lambs than does any of the semen

characteristics. Indeed results in the literature indicate

that scrotal circumference also has the highest within-

operator repeatability among all testicular measure-

ments (Knight, 1977). Additionally, the trait has been

found (Cameron et al., 1984a) to be the most useful

testicular measurement to estimate the total number of

spermatozoa that can be collected per day under farm

conditions. Other than testicular length which had

unfavourable and signi®cant genetic correlations with

semen volume in the present study, the correlations

between testicular measurements and semen charac-

teristics were favourable and high. Thus, the most

important consideration in favour of scrotal circum-

ference over the other testicular measurements, as a

means of indirectly improving semen and spermato-

zoa characteristics in these breeds, should be its ease

of measurement and its higher heritability estimate

(see Toe et al., 2000).
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