
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



Endocrine and Genetic Control of 
Seasonal Breeding in Sheep 

A thesis presented in partial fulfilment of 

the requirements for the degree of 

Doctor of Philosophy 

in Animal Science 

at Massey University 

ZHENZHONG X U  

1991 



11 

PREFACE 

The contents of this thesis represent original work conducted by the author under the 

supervision of Associate Professor M.F. McDonald, Professor S.N. McCutcheon and 

Dr. H.T. Blair, Department of Animal Science, Massey University. 

Publications arising from this thesis are. as follows: 

1 .  Harris , P .M. ,  Xu,  Z.Z., B lair, H.T. ,  Dellow, D.W. , McCutcheon, S .N. & 

Cockrem, J., 1989. The effect of exogenous melatonin, administered in summer, on 

wool growth and testis diameter of Romneys. Proceedings of the New Zealand 

Society of Animal Production, 49: 35-38. [Based in part on Chapter III] 

2. Xu, Z.Z., McDonald, M.F.,  McCutcheon, S .N. & Blair, H.T., 199 1 .  Seasonal 

variation in testis size, gonadotrophin secretion and pituitary responsiveness to 

GnRH in rams of two breeds differing in time of onset of the breeding season. 

Animal Reproduction Science, (In press). [Based on Chapter IV] 

3. Xu, Z.Z., McDonald, M.F., McCutcheon, S .N. & Blair, H.T., 1991. Effects of 

season and testosterone treatment on gonadotrophin secretion and pituitary 

responsiveness to gonadotrophin releasing hormone (GnRH) in castrated Romney 

and Poll Dorset rams. Journal of Reproduction and Fertility, (In press). [Based on 

Chapter VII] 

, 



111 

ABSTRACT 

Xu, Z.Z., 1991. Endocrine and Genetic Control of Seasonal Breeding in Sheep. PhD· 

thesis, Massey University, Palmerston North, New Zealand. 117pp. 

A series of related experiments were conducted to investigate genetic variation in the 

pattern of seasonal changes in testis size, gonadotrophin secretion and pituitary 

responsiveness to an intravenous gonadotrophin releasing hormone (GnRH) challenge 

in rams during the transitional period from the nonbreeding to the breeding season, 

with the objective of identifying potential genetic markers in the ram for date of onset 

of the breeding season in the ewe. 

Because the accurate measurement of changes in testis diameter was fundamental to 

the assessment of seasonality in rams used in the research programme, two preliminary 

trials were conducted to measure the reliability of this technique. In the first trial, testis 

diameters of 18 Romney rams were measured twice 1 h apart using a pair of dial 

calipers. Repeatability of measurements obtained from this trial was 0.90±0.05 

(mean±SEM). In the second trial, testis diameters of 24 Southdown rams were 
measured before and after the animals were slaughtered. Pearson correlation 

coefficients between the live measurements and the diameter and weight of the 

dissected testes were 0.91 and 0.90 respectively (P < 0.001). An opportunity also arose 

to investigate the effects of continuous melatonin treatment for five weeks in early 

summer on testis growth in rams from the Massey University fleeceweight-selected 

(FW) and control (C) lines. The melatonin treatment significantly (P < 0.001) altered 

the pattern of seasonal variation in testis size. Compared with that of the untreated 

animals, testis growth of the melatonin-treated animals was significantly stimulated 

during the treatment period, but significantly depressed after termination of the 

treatment. The testis diameter of FW rams was significantly greater than that of C rams 

as the breeding season approached. There were indications that the FW rams were less 

responsive to melatonin treatment than the C rams. This trial also confmned that 

seasonal changes in testis diameter could be detected using caliper measurements made 

on the live animals. 

In the first major experiment, differences between rams (aged 2 years) of breeds with 

short (Romney) and long (Poll Dorset) breeding seasonS in the pattern of seasonal 

variation in testis size, gonadotrophin secretion and pituitary responsiveness to an 

exogenous GnRH challenge were compared during the transitional period from the 
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nonbreeding to the breeding season . Testis size of rams of both breeds varied 

significantly during the trial period, with a significant breed difference in the timing 

and magnitude of this variation. Increases in testis size occurred earlier, but the 

magnitude of seasonal variation was smaller, in Poll Dorset rams. Overall, mean LH 
concentration was higher (P < 0.05) in Romney rams due mainly to a difference 

(P < 0.(0 1) in the frequency of LH pulses. There was also an effect of sampling time 

(P < 0.01)  and a significant (P < 0.05) breed x time interaction in LH pulse frequency. 

Mean FSH concentrations exhibited significant (p < 0.01) variation with sampling time 

and the increase in FSH concentrations occurred earlier (P < 0. 10) in Poll Dorset rams. 

There was an effect of sampling time on both the peak (P < 0.0 1 )  and the total 

(P < 0.05) LH responses to the GnRH challenge, but no significant effects of breed or 

breed x time interactions were detected. 

The between-breed differences in the pattern of seasonal variation in gonadotrophin 

secretion were shown to be due to breed differences in sensitivity to both the steroid

dependent and steroid-independent effects of season. In castrated Romney and Poll 

Dorset rams, depression by testosterone treatment of LH pulse frequency, basal and 

mean LH concentrations,  mean FSH concentration and peak and total LH responses to 

exogenous GnRH was greater (P < 0.01 )  during the nonbreeding season than during 

the breeding season. Poll Dorset rams were less sensitive to testosterone trea.tment than 

Romney rams (P < 0.05). In rams not receiving testosterone treatment, LH pulse 

frequency was lower (P < 0.05) during the non breeding season than during the 

breeding season in the Romneys (15 .8±O.9 vs. 1 2.0±0.4 pulses/8h), but not in the Poll 

Dorsets ( 1 3.6± 1 .2 vs. 1 2.8±O.8 pulses/8h). 

In another experiment, the magnitude of differences between rams (aged 4 years) of 

the Romney breed in the pattern of seasonal variation in testis size, gonadotrophin 

secretion and the pituitary responsiveness to GnRH was studied. There were marked 

differences between Romney rams in the pattern of seasonal variation in testis size. 

Rams which had an early increase in testis size prior to the onset of the breeding 

season (the "early" group) had a greater magnitude of seasonal variation in testis size 

than those which had a late increase in testis size (the "late" group). The pattern of 

seasonal changes in testis diameter appeared to be repeatable from year to year. 

Differences between the groups in the pattern of seasonal variation in testis size were 

associated with group differences in endocrine function. Thus rams in the early group 

had a higher LH pulse frequency in March than those in the late group (4.4±O.4 vs. 

1 .7±O.3 pulses/8h, P < 0.0 1) and the seasonal increase in plasma FSH concentrations 

occurred earlier in the early group than in the late group. There were group differences 

in the pattern of seasonal variation in total LH response to the GnRH challenge. 
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The potential usefulness of testicular and endocrine parameters as predictors of genetic 

merit for date of onset of the breeding season was investigated in two progeny tests 

involving rams which had previously been studied for these parameters. The first 

progeny test involved rams of the Romney and Poll Dorset breeds. Results from this 

trial showed that, compared with straightbred Romney hoggets, a higher proportion of 

Poll Dorset cross hoggets reached puberty during the first breeding season (79.6 vs. 

59.9%, P < 0.05). Poll Dorset cross hoggets also reached puberty earlier (13 May±3 vs. 

22 May±3, P < 0.10) and at a younger age (264±3 vs. 276±3 days, P < 0.10) and had 

more oestrous cycles (2.7±O.2 vs. 2.0±0.2, P < 0.05) than Romney hoggets. Sire within 

breed had a significant (P < 0.05) effect on the number of pubertal oestrous cycles but 

not on the date of, or age at, onset of puberty. Liveweight at the beginning of the 

breeding season influenced both the proportion of hoggets reaching puberty during the 

first breeding season (P < 0.01)  and the number of pubertal oestrous cycles (P < 0.05). 

There were significant effects of breed (P < 0.001) and sire within breed (P < 0.05) on 

the date of onset of the second breeding season. In the second progeny test, only rams 

of the Romney breed were studied. There was a significant (P < 0.05) sire effect on 

date of onset of the second breeding season but not on any of the measured pubertal 

oestrous parameters .. While differences between Romney and Poll Dorset rams in the 

pattern of seasonal variation in testis size and gonadotrophin secretion were associated 

with breed differences in pubertal oestrous activity and date of onset of the breeding 

season, the within-breed correlations between the testicular and endocrine parameters 

in the rams and date of onset of the breeding season in their female offspring were low. 

In  conclu sion,  the present  s tudy has  identified several physiological and 

endocrinological parameters in rams that might potentially be used as predictors of 

genetic merit for date of onset of the breeding season in ewes. Further, and more 

extensive, studies designed specifically to establish the genetic correlations between 

these potential parameters and date of onset of the breeding season are needed before 

these parameters can be incorporated into selection programmes. Finally, this study has 

also demonstrated that seasonality of rams is regulated by steroid-dependent and 

steroid-independent mechanisms similar to those operating in the ewe. 
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Statistical: 
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+ 
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** 

*** 
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