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AsSTMCT

This sLudy investigated the effect of genetic background upon the

pattern of seasonal changes in reproductive processes of rams. Various

assessmenËs vTere made on 15 yearlíng rams of four breeds (three Finnish

Landrace and four Suffolk, Dorset and Scottish Blackface rams) from June

L979 through July 1980. Measurements of scrotal circumference (SC) were

taken twice a month. Every 3 or 4 months, daily sperm output (DSO) was

determined by counting spermaXozoa voided in urine and libido \¡ras

assessed by recording the frequency of mating during a 4h period. At

monthly intervals, blood samples were collected by venipuncture from the

jugular vein at 2O-rnin. intervals for an Bh period; serum pools repre-

senting these periods rlrere assayed for LH, FSil, PRL and testosterone (T)

concentrations. Individual ram serum samples collected over an Bh period

in July, OcËober, January and April r¡rere assayed for LH-profile charac-

teristícs; T-profile characteristics vrere determined for the months of

October and Apri1.

As raus entered the fall ovine-breeding season, SC and DSO increased

considerably. In comparison wiËh other raus, increases ín testicular

size occurred earlier and maximum size r¿as maintained longer for the

DorseË rams, and seasonal variations in SC \"/ere less pronounced for the

Finn rams (breed x month, P<.01). DSO of Suffolk rams durÍng the breed-

ing season vras significantly (P<.05) greateï than Ëhat of Finn and Black-

face rams. However, Finn rams had consistently higher (P<.01) mating

frequencies in comparison rvith other rams, perhaps attributable in part

to their higher circulating T levels throughout most of the year (breed

x month, P<.01). Although significant breed dífferences in mean serum



LH and PRL concentrations r¡/ere not observed, Suffolk rans did have con-

siderably higher FSH concentratíons in the suûmer and fall (breed x

month, P<.01). Significant (P<.01) seasonal differences in LH-profile

(excluding baseline levels, P>.05) and T-profile characteristics were

observed; all of the profile characteristics were higher in July and/or

October than they were in January and/or April. No consistent breed

differences \^rere noted from one month to the next. in LH-profile mean

and baseline leve1s, peak height and delta values, but a significanË

(P<.05) breed x time interaction r¡ras recorded for mean levels. Dorset

rams had hígher LH baseline levels Ëhan the other rams in July (sig-

nificant, P<.05) and ín January and Aprí1-. T-profile characteristics

T^rere comparable for Ëhe four breeds of rams in October and April. In

srulmary, seasonal-directional changes in the reproductive parameters in-

vestigated ¡,¡ere similar for rams of all breeds; however, for many para-

meters, the extent and/or duraËion of seasonal change varied b.etween

breeds.
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INTRODUCTTON

It l-s well known thaË in temperate regions of the world the repro-

ductíve capability of sheep varies throughout Ëhe year. The extent and/

or duraËion of seasonal change is likely due to a combination of factors

such as the genetic makeup of the animal, the socÍal envirorunent and the

clirnatic conditions (primarJ-ly photoperiod) to which the animal is

exposed. Although rams do noË become totally sexually quiescent, they

do extribít a definite season of infertility. Thís t'nonbreeding" season

is a major problem to livesËock producers who are interested in increasing

the productivíty of Èheir flocks on a year-round basis. I,Iith this goal

in mind, anímal scientists have concerned theuselves with improving the

producLivity of the livestock in a number of different vrays; for instance,

genetic selectíon of superior flock sires and dams, improved management

techniques and improved nuËrition and heal-th of the animals. In sheep,

hormone therapy has been used on the ewe so thaÈ she has been able to

cycle ouÈ of season, and thus, breed and conceive out of season as r¡e1l.

This Ís a fairly rel-iable method of increasing ewe productivity, however

this procedure may not be feasible for the average sheep farmer eg.

hormones are e)<pensive and Èhj-s meËhod requires moïe labor. Another

alternative Ëhen, night be the genetic selectíon of sheep that have

exËended breeding seasons. It has been fairly well documented that some

breeds of ewes extribit estrous cycles for a longer period of time than other

breeds, however not much informaËion is avaílable on Ëheir male counter-

parts regarding seasonal-breed differences. I^Iith that in mind, this

study was undertaken to compare the seasonal-reproductive patterns of

four different ram breeds exposed Ëo natuïal clinatic conditions preva-
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lent in southern Manitoba. The breeds were chosen on the basis of their

reporËed differences in fertility and length of breeding season, and to

some extent, their populariËy. It is hoped that this study will provide

some ínsight into the effect breed may have upon the seasonal reproductive

performance of the m¡le ovine species.

The following literature review focuses on Ëhe funcËion and secre-

tion of Ëestosterone (T) and the gonadotropins. In additÍon, it includes

how these hormones are affecËed by seasonal changes in phoËoperÍod and

how they influence testícular functÍon and sex drive. Mention is also

given to research that has been carried out Íllustrating the breed-effecË

upon reproducÈion in the male.



and FSH: Function and Regulation of Secretion

LITERATI]RE REVIEI^T

In the male, the gonadot,ropins, luteinizing hormone (LH) and follícle

stimulating hormone (FSH) are principally involved in the maintenance

of testícular functions. In the sexually-maturing male, FSH participates

in the formation of Ëhe lumen and lengthening of the semínÍferous Ëubules,

the conversion of testicular androgens to estrogens and the producËion

of androgen-binding protein (¿¡p). FSH is thoughË to pïomote spernaro-

genesis, but this function is more impoïtant in the pubertal animal than

j-n the adult. In mature males, FSH appears to have a beneficial support-

ing role in sperm production by influencing sertolj- cell function.

LH binds to testicular Leydíg ce1ls, stimulating them to produce

androgens which are required for spernatogenesis (steinberger, Lg76).

In the male, FSH bÍnds specifically to the Sertoli ce1ls in the semini-

ferous tubules. The Sertoli cells, or nurse cells, provid.e a suitable

uedír:m for maturing sperrn cells, promoting development and maintenance

of spermatogenesis. FSH stimulaËes Sertoli cells to produce ABp, which

retains the T produced by the Leydig cells in the vfcinity of the

developing germ cells to promote Ëheir meturation. FSH has also been

observed to regulate ma¡¡y Sertoli cell processes, i.e. protein synthesis

and secretion, cell division, erizJrme activity and ceIl-to-cel1 communi-

caËion (Means et al., 1980).

The regulation of FSH and LH synthesis and. secretion from the anterior

pituitary is generally cont.rolled by a number of different factors, such

as: 1) hypothalamic releasing hormone(s), 2) negative feedback upon the



hypothalarous. by gonadal steroids, 3) a protein, inhibin, found in rela-

tively high concentrations ín testicular fluid and seminal plasrna,

4) the pineal gland, 5) autoregulation by the gonadotropíns thernselves,

as well as 6) regulation by other horuones, for example prolactin.

Gonadotropin-releasing hormone (GnRlI) produced in the hypothalamus

is believed to be Ëhe rnajor factor controlling the synthesis and release

of LH and FSH from the anterior pituitary. GnRH has been reported to be

produced from two types of neurons, the magnocellular and parvicellular

nuclei in the arcuateventromedial region of the hypothalamus. Ilhen the

arcuateventromedial region is stiuùlated, GnRII ís Ëransferred from the

hypothalamus by portal vessels to the anterÍor pituitary where it ínter-

acËs directly wíth pituítary receptors to influence gonadotropin release.

Contrarily, when the arcuateventromedial region is destroyed, gonado-

Ëropin release is inhibited.

Ihere is conËroversial evidence that the pineal gland may be another

source of GnRII. Kotaras et al. (L977) using several extïacts of sheep

pineal glands, caused the release of 120 ¡rg FSH and 2J uE LH from I g of

sheep pituitary slices. Chrometography of the pineal gland extracts

yielded peaks wÍth GnRII activity, leading to the conclusÍon that the

pineal gland does contain GnRH. ExacËly r¿hat the relationship is be-

t$reen hypothalamic and pineal GnRH remains to be el-ucidated.

There Ís some doubt that GnRH is responsible for the secretion of

both LH and FSH. However, a mrmber of studies have been conducted vrhere

research animels have been irmunized against GnRH to demonstrate that

there is only one releasÍng hormone responsÍble for the secretíon of

both gonadoÈropins. In female rats and e\^res, actÍve irmunization against
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GnRH ends ovarian cyclicity, lowers serum LH and FSH levels and reduces

ovarian luteal tissue. In male raËs, rabbits and rhesus monkeys,

i unoneutralizatíon of GnRH results in decreased serum and pítuitary

levels of gonadotropin concentrations, Ëestícular aËrophy, decreased

Èesticular steroid secretion, oligospermia and reductíons in the weight

of accessory sex glands (Chappel et al., 1980).

The action of GnRH upon gonadotropins nay be sunrmerized as follows:

(1) Under the Ínfluence of gonadal steroids, GnRH is secreted from

the hypothalanus and travels by way of portal vessels to the anterior

pituitary vrhere GnRII interacts directly $rith pituiËary receptors to

influence gonadotropin release.

(2) GnRII controls the synthesís and::elease of hoth FSII and LH,

buÈ the concentrations of these hormones in the circulation do not change

in parallel, i.e. changes in FSH concentTation are smaller than those of

LH. One to tvro hours after the admínistration of GnRII , level-s of cir-

culatíng LH reach their peaks. The rise in FSH leveIs requires more

time than LH. The differences in the circulating levels of LH and FSH

are probably due to differences in the secretion and metabolic clearance

rates of these hormones (Linco1n, f979).

Chronic treatment r^tith high doses of GnRII have been shown to have

a paradoxical inhibitory effect on reproducËive function, resulting in

involution of Èhe Èestes and accessory sex glands. Pharmacological

treatments of GnRH resulted in loss of responsiveness at the pituitary

and tesÈis l-evel. Fraser and Lj-ncoln (1980) injected adult rams with

10 ug of a GnRH agonist per day for B days and observed a decline in

testicular response to LH due to a reduction in the nurober of LH receptors



on the Leydig cells. Unusually high levels of LH were observed follow-

ing agonist treatment, which led to impaired testicular T secretion.

Presumably the impaired T secretion \¡ras the result of Leydig cel1

exposure to abnormally high LH levels.

Schanbacher and Lunstra (L977) have demonstrated that GnRH has a

beneficial effecÈ on spermâtogenesis in rams. Inlhen rarls \¡/ere injected

tr¿ice daily for seven weeks wÍth 50 ug of GnRH, serum T, testis size

and semen quality increased. Pres 'mably, these increases in reproducÈive

activity of the testes were the res ''l t of íncreased gonadotropÍn secretion

in response to GnRH treatment. and greater sËimulation of testicular

gonadotropi-c receptors on Sertoli and Leydig cells'. Gonadal steroÍds

have been reported to have negative feedback effects upon gonadotropin

release. I{hen testosterone proprionaËe was injected into rams (Pelletier

and ortavant, 1975b), it r¿as observed that there r¡ras a decline in LH

release. This negative feedback effect T¡ras more pronounced under long

days than under short days. PelleËier and Ortavart (L975b) hypothesized

thaÈ increasing light photoperiod heightened the negatíve feedback

effecËs of androgens on hypothalamo-hypophyseal_ activity.

Regulation of gonadotropin secret.ion ís also under the influence

of inhibin, a nonsteroidal testicular facÈor of Sertoli ce11 origin.

Inhibin has been found Èo act directly upon pituitary cel-ls Ëo decrease

FSH secretion in response Ëo exogenous GnRH (Franchínont et al., LglB;

Moodbidri et al., 1980), but ít may also act direcËly upon Ëhe hypotha-

lamus (Franchirnont et al ., 1978). I,rrhen extracts from rete testis fluid

were ínjected Ínto the third ventricle of bulls, FSH secretÍon rtas re-

duced (,fr¡anchinonÈ et al., 1978) .
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rnhibín is noË totally specific for FSH, because increasing the

amounÈs of inhibin (obtained from rans) administered in vitro results in

a reduction in Èhe amount of LH secreted (Franchimont et al., L97B). It

has been demonstraËed that 10-20 ug/pirutrary of inhibin wtll inhibir FSH

secretlon, while >25 yg/pítuitary of fnhibin are need.ed. to suppress LH

secretíon. InhÍbÍn has been observed to have no effect on the secretion

of prolacËin (PRr,) and thyroid stímulaËing hormone (TsH) by piruitary

ce11s, indicating that Ít is specífíc for gonadotropin secretion.

The pineal gland has been suggested to have an antigonadotrophic

role in sheep at certaín tÍmes of the year. Barrell and Lapwood (1978)

observed that pinealectomized rams produced more LH and T than shau-

oper:ated rams when the rams were exposed to varying photoperiod.s (either

under normal (14.5h light) or reversed photoperiodic conditions conmoÍr

Èo New Zealand). It r,ras thought that pinealectouy could have altered

Ëhe sens'ítiviÈy of the hypothalamo-hypop?ry5eal release mechanisrns to

androgen feedback. Extracts from bovine pineal glands have been reported

to inhibit both serum and pituiLary levels of LH in rats (orts and

Benson, r973). Melatonín, a compound produced by and elaborated fron

the pínea1 gland, may be responsihle for inhíbitÍng gonadoËropín secïe-

tion by causing a reducËion of GnRII (Kano and Miyachi, ].976). Alterna-

tively, seasonal changes in the pattern of melatonin secretfon m:y pro-

vide a biological cue to hypothalarnic centers regulating gonadotropin

secreËion and índirectly cause changes in LH and FSII secretion (Rollag

et al., 1978).

There is also evÍdence Ëhat the secreÈion of FSH and LH is auto-

regulated by circulatÍng levels of these gonadotropins in mâ1e rats
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but

(sehally and Kastin, L97o; sandow er al., L979). rr is possible thar in

soue sPecies when FSH and LH are present in Èhe circulating system in

relatively high concentrations, they may inhibit the release of GnRH

(short-loop feedback system), thus resulting in decreased gonadotropin

levels.

Prolactin: Function and RegulaËion of Secretion

The role(s) of PRL in the uale is (are) still beÍng ascertained.

is believed to be involved in the regulation of FSH and LH secretion,

the experimental results are contïadictory.

A number of researchers (Hafíez et al., Lg72; Johnson eÈ al., L973;

Thomes et al., L976) have shovrn Ëhat PRL increases the effect of T on

accessory sex glands and has a synergistic effect wtth LH on speïmato-

genesís and on testicular androgen secretion. Anínal studies have in-

dicated that physiological levels of PRL are required for normel testicu-

lar function and growth of accessory sex organs. pRL may increase

androgen production by the testes, possibly by activaËing sÈeroidogenic

pathways. PRL would seem to be involved in the meintenance of testicular

funcËion, because there is evidence that PRL is required for the m¡in-

Ëenance of testicular gonadotropic receptors. Bartke and Dalterio (1976)

reported that both FSH and PRL can act on the Leydig cells to increase

the responsiveness of these cells to LH.

PRL is also thought to exert antigonadotrophÍc effects at the gonadal

level v¡hen it is presen_t !n abnorroally high levels (Faglia eÈ al. , L977,\.

In the human male, hypersecretion of PRL (hyperprolactÍnemia) interferes

Þiith boËh gonadal responsiveness to gonadotropins and the hypothalamic
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regulatory mechanisms: of gonadotropin secretion. Long-term hyperpro-

lactinemia has a negative effect in humans on the metabolism of androgens

and interferes with spermatogenesis (Magrini et a1. , Lg76; segal et al.,

Le76).

The hypothalamus is suggested to contain prolacËin releasing factors

(PRr') andfor prolacÈÍn inhibiting facrors (prF) which conrror rhe

secretion of PRL by the pituitary. Dopamine, a hypothalamic catechol-

amí¡s, Dây be one of these factors, poss.ibly pIF (Macleod, Ig77).

However, Ëhere is evidence that more than one hormonal factor controls

PRL secretion.

I^Ihen doparnine receptors on Èhe anterior cells of the pituítary are

stÍmurated, PRL secretion is dininished. BromocriptÍne, a dopamine

agonist, has been observed to reduce PRL secretion in rans; however, it

has no effect on LH or T levels (Ravault et al., Lg77). l^Ihen pRL v¡as

inhibited in prepubertal rans, the weight of the seminal vesicles and

their fructose concentrations were reduced, indÍcaËÍng that PRL may have

a role in the secretory activity of these glands.

Thyrotropin releasíng hornone and estrogen have b.een shoum to be

stÍmulators of PRL secretion in males (Dorrington et al., 1978; schan-

bacher and Ford, 1978). Shin (L979) infused dopauine (a rheoretical

PIF) in ether stressed male rats and observed that a s:urge in PRL still

occurred. He concluded that Èhe surge in PRL was due to the release of

PRF raËher than an inhibÍtion of PIF release, b.ecause the surge occurred

during a constanË infusion of PrF. However, it is possible thaË the

dopaur-ine receptors may have been affected and therefore PRl-secretfng

ce1ls would no longer be responsive to dopanr_ine.
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PRL, líke the gonadotropins., is capable of inhibiting its o\¡/n

secretion (autoregulation) in some species (NÍcholson et al., lg8o).

Increases j-n serum PRL are believed to stimulate dopaminergic neuronal

activity in the median eminence of the hypothalarnus to increase dopamins

secretion. Dopamine will then act upon its receptor cells in Ëhe an-

terior pituÍ,tary and Ëonically inhibit endogenous PRL release. Nicholson

et al., (1980) increased the PRL content of the cerebros.pinal fluid

(csF) to observe its role in autoregulation; changes in pRL levels in

the CSF paralle1- those ín serum. Increases in CSF levels of PRL did

inhibit PRL release from the pituitary, suggesting that the csF may

serve as an access for PRL to the neural structures that are concerned

i¿ith Èhe regulation of PRL secretîon, f.e. CSF mediaËes PRL autoregulation.

PRL secretion is influenced by ternperature, photoperÍod and stress-

fu1 conditions as we1l. Increased arnbient temperature results ín elevated

serum PRL levels, while cold temperatures have the ïeverse effect

(Horrohln, 1976; Del1-man et al., L977; Sanford eË al., 1978). Maximum

PRL secretion in rarns Ís observed under relatively long daylengths

(16h daylíghtlz4fù, whereas minimal PRL secretÍon Ís observed r¿hen there

is only Bh of daylight (Pelletier, 1973; Ravaulr and orÈavant, 1977);

studies invol-ving the control of artifÍcial lighË produce changes in

circulating PRL levels that åre simÍlar to those occurring from the non-

breeding to the breeding season in response to changlng natural photoperiod.

Testosterone: Function and RegulaËion of Secretion

TestosÈerone (T)

produced and secreted

,a

by

gonadal sËeroid derived frou cholesterol, Ís

testicular Leydig cells in response to various
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stimuli; the primary controlling factor being stimulation of Èhe Leydig

ce1ls by LH (Anír and Vol-cani, 1965; Barrell and Lapwood, Lg79).

Changes in photoperiod indirecËly regulate the secretÍon of T by in-

fluencing the release of gonadotropins frou the anLerior pÍtuiËary.

Under decreasing photoperÍods, increased LH Ís released uore frequently

from the pituitary and this stimulates the Leydig cells to secrete T;

however, under long daylengths LH and T production and secretion are

reduced (Lincoln and Davidson, L977; Barrell and Lapwood, L979) .

The pineal gland is also thought to have a role in the regulation

of T secreLion in rams by ínfluencíng gonadotropin secreËion (Barrell

and Lapwood, 1979). In male raÈs, high melatonÍn concentraÈions in the

pineal gland and presunably increased melatonin seeretion during long

daylengths have been shown to cause a reduction in GnRH secretíon; this

indirectly results in a decrease in T secretion from the testes (Kano

and Miyachi' 1976). As melatonin production and secretíon decrease under

short daylengths, gonadotropÍn and T secretion increase.

In some animal species (rats), PRL increases testÍcular bínding of

LH and increases the sensftivÍty of the Leydfg cells to LH. Iherefore,

Barrell and Lapwood (1979) suggest Ëhat PRL is involved in the regularion

of T secreËion in rams, by mediating the effects of LH on the Leydig

ce1ls.

T is released and cÍrculates in the bloodstream for about 15 to 30 rnin-

utes, until it either becomes bound Ëo receptors in target cells in the forrn

of dihydrotestosterone (JHT) or it Ís degraded inËo inactÍve products that

are secreted from the body. T has a number of functions Ln the body, but

iÈ is prÍmarily involved in mainËaining second.ary sex glands (structural
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integrity and secretory activity) and spermatogenesís in Ëhe male.

During fetal development, T is involved in the development of Èhe male

reproductive tract, i.e. the development of the prostate, seminal vesi-

cles and genital ducts, and in the descent of the testes into the

scrotal sac. AfÈer puberty, T is responsible for the growth of Èhe

testes, scrotum and penis, as well as the further development of the

secondary sex glands and characteristics. In Ëhe hr¡man adulË -âle,

these secondary sex characterist.ics are in the form of growth of body

hair, baldness, deepened voices, increased thickness of the skin

over the body, íncreased melanin conËent in the skin, increased rate of

secretion from the sebaceous glands (resulting in acne) and muscle

development (Guyton, r97L). T is thought to be anabolic, i.e. it in-

creases the protein (nitrogen) coritent of the body (Guyton, l97r;

Niswender et a1., L974) result.ing in bone growth (increase in strengËh

and size), increased calcium and sodium ïetention, and in increased.

basal metabolic rate when T is present in exceptionally large quantities

(Guyton, L97L).

High T levels influence gonadotropin secretion by negatively

feeding back upon the hypothalamus to inhibit GnRH release, which in

turn, inhibits the release of LH and FSH fron the pituitary (Pelletier

and ortavant, 1975a; Sanford et al., L976; trrlilson and Lapwood, 1978).

In addition high T levels in raus have been associated wÍth increased

aggressive and sexual behavior and. enlarged testicular sizes which

are attributed to increased spermntogenesis during the fall ovine-

breeding season (Anir and Volcani, 1965; Nisr¡ender et al. , ],974:'

Lincoln and Davidson, 1977; Schanbacher and LunsËra, L977). T Ís believed
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to pronote sperrnatogenesis by stimulating the gerrninal epithelium in

the seminiferous tubules to produce spermatogonia. IÈ is also required

for the division of pachyËene spermatocytes to secondary sperm¿rtocytes

(Niswender et al. , L974). T is made available for maintenance of sperma-

.togenesis by androgen binding protein (ale¡, a substance present in the

rete testis fluid which retains T ín the vicinity of sperm production

in the testes.

Seasonal Variation in Reproductive Function

Although rams of most breeds are capable of mating at any. time of

the year, íË is fairly r¿e11 doc mented that they do undergo marked

seasonal differences in reproductive characteristícs which coincide with

the seasonal changes that occur in er¿es. Rarns experíence marked seasonal

changes in spermatogenesis (Johnson et al., 1973; Schanbaeher and Ïord,

1976; Tornkins and Bryant, 1976; Colas and Courox, 1978; Ortavant, 1978),

sperrn quality (fertílizíng ability) and quanrity (Cupps er al., 1960;

Sanford et al. , I974b; Colas and Brice, L976; Tomkíns and Bryant, L976;

Colas and Courot, 1978), sex drive (Pepelko and Clegg, L965; Land, L97O;

Schanbacher and Lunstra, L976; Land and Sales, L977; Lincoln and Davidson,

1977), testicular size (Land, I97O; Sanford et al., L974c; Hanrahan,

L977; Islam and Land, L977; LÍncoln and Davidson, L977; Colas and Courot,

1978) and the secreËion of gonadal steroids'and gonadotropins (Pelletier

and Ortavant, I975a and b; Sanford et al., L976, L977; Schanbacher and

Lunstra, L976; Wilson and Lapwood, L97B; Barrell and Lapwood, I979b).

There are a nun:ber of environmental stimuli that influence season-

ality in reproductj-ve activity, the major factors being photoperfod and
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temperature. of the two factors, photoperiod is decidedly more in-
fluential (Pepelko and clegg, L965; Lincoln, rgTB; sanford et al. , L97B;

Barrell and Lapwood, r979a, b; Turek and campbell, LgTg), and therefore,

will be the main topic of further discussÍon.

Hormone secretion. The secretÍon of FSH, LH and T is narkedly

altered throughout the year under varying photoperÍods. Lincoln and

Davidson (L977) exposed rams ro artificial photoperiods of 16h light:
8h darkness (16L:8D) and then abrupËly switched them over to BL:16D.

DurÍng the long days, the rams r^reïe sexually quiescenË. After the abrupt

change to short days, plasmp LH and FSH levels increased withín Z to 4

weeks, followed by elevated plasm¡ T eoncentration and growËh of the

testes. Llhen the animals q¡ere returned to long days (16L:BD), there

rùas a decline in plasma gonadotropins within 2 weeks. Sinilar results

were obtained when the rams r¡rere tesËed under naËural environuental

conditions.

Sanford et 41. (7976) observed that mean FSH 1eve1s in rams were

lower in January than levels at.tained in August.. Similar1y, I^Iilson and

Lapwood (1978) perceived that the daily outpuË of LH and T was 1or¿er

during the late winLer than the late srmmer months alÈhough the

pulsatile secretion of these hormones persisted durÍng both seasons.

As the fall-breedÍng season copmences, there are marked increaseg

ín Ëhe mean and baseline levels, and in the peak heÍght and frequency of

T. Peak frequency of LH also increases at ËhÍs tÍrne, but Ít has been

reported that LH peak heíght and mean level decline (sanford et al.,
L977; 1978) . rncreases in the levels of T as the breedÍng season pro-
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gresses mây be responsible for the decline in the mean levels of LH and

LH-peak height because when rams are tïeated with T, LH secretion is

depressed via increased negative feedback inhibítíon. This is thought

to be due to changes Ín both GnRH secretion and the responsiveness of

the piËuitary to endogenous GnRI{. rn an earlier experimenÈ, sanford

et al. (L974c) re-arked that íntervals beËween LH releases in Finnish

Landrace (Finn) rams \,üeïe shorter in January (breedíng season) than

they were in August (nonh.reeding season). They noted that small LH

releases \¡rere capable of elevatfng T to higher levels Ín January than

were the larger LH releases which occurred in August. It úras postulated

that the testes ülere uore responsive to LH in January since progressively

sm¡ller pulses of LH were followed by increasingly larger elevatíons in

serum T concentration. Therefore, increased testicular steroidogenic

activity in rams during November and December (breedíng season) may be

due to changes in both LH-peak frequency and testicular responsiveness

to LH.

Circulatíng gonadotropín and T levels have been reported to b,e lor^¡

in the spring and early surmer (i.e. when the females are not cycling),

but the levels become elevated durlng the fall hreeding season (Katongole

eÈ al. , L974; Purvis et al. , L974; pelletier and OrËavant, I975a;

Lincoln, L976a; schanbacher and Lunstra, L976; LÍncoln and peet, L977).

IÈ is thought that the negative feedback of androgens upon gonadotropin

secretion is reduced under short days (Pelletier and Ortavant, 1975b).

SÍnilar resulËs in seasonal hormone fluctions \,üere observed by Barrell

and Lapwood (1979b); however, when râms \,rere plnealectomized, the effects

of changes in daily photoperiod on patterns of T and PRL secretion were
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reduced. Thls indicates that the pineal is an important mediator of

seasonal reproductive changes.

In contrast to the other experimenÈs mentioned, Darbeida and

Brudíeux (1980) have reported thaÈ in Algeria, ram plasm¡ T levels were

lowest in the autunn and early winter months, íncreased in February and

March, and reached thelr hÍghest levels (5 ng/nl) in the early suürmer

before decreasing in autumr. These resulËs are similar to those obtaÍned

by Gomes and Joyce (1975) in Ohio where T productíon was m¡xiual during

the summer s.olstice, but minimal during the wÍnter solstice. Both groups

of researchers conclude Ëhat increas,ing daylengths tnay be the major

stirnulus to testicular steroidogenesis where surmer temperatures are

noderate, but in hotter clim¡tes or during acute elevated temperaËuïes,

Ëhermal factors may override photoperiod.

The secretion of PRL appears to parallel changes in photoperiod

(Ravault, L976; Ravault et al., L976; Ravault and Ortavant, L977;

Lincoln et al., 1978; Ortavant, L97B; Barrell and Lapwood, 1978 / L979a,

b; 1979b).

In adulÈ râmsr circulating PRL shows uarked seasonal fluctuations,

with peak levels occurring v*ren Ëhe daily photoperiod. is maximal. The

Èiming of the seasonal changes in PRL can be modified by artificially

alËering the photoperiod. PhoËoperíods r,¡hich favor PRL secretion have

the reverse effect on gonadotropin secretion, and under natural con-

diLions there Ís an inverse relatÍonshíp beÈween PRL and gonadotropin

release.

I,¡rilson and Lapwood (1978) observed stable and signiffcantly greateï

PRL concentratÍons in the sunmeï, whereas in the winter they observed
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thaË basal PRL levels were low, but interspersed with large pulsatile

secretory peaks. The high levels of PRL in the sunrner suggested that

PIF vras tonically suppressed, whereas the low winter levels of PRL in-

dicated inhibitory control by the PrF. Hou¡ever, the secretory pulses

of PRL seen during the winter may have been responses to a períodic

cessation of PIF release or due Ëo the secretion of a yeË unknown PRF.

rn an experiment by Brenrrer et al. (1978), Romrey and Merino rarns

exhíbited a four to eight fold increase in plasma PRL levels in the two

months inrm¿fli¿¡"ly preceding the onset of the breeding season. They

noticed that the ruarked seasonal changes in testÍcular size, mating

behavior and plasma T levels occurred in the Merinos without significant

changes in mean plasrna LH and FSH levels. This suggested to these

auËhors that the large PRL increase in these rams mây have enhanced

Leydig cell responsiveness to the relatively constant levels of LH and

FSH; PRL would appear to potentiate the stinulatory effect of LH and

FSH on testículat síze and function.

Ravault, and ortavant (L977) observed 220!2 nB/ml (mean t sE) of

PRL in the serum of rams during long photoperiods, and levels of L2!2

ng/rcl during short photoperiods. Similar patterns in PRL levels have

been observed in wethers (Driver et al., L974). Ravault and ortavanÈ

(L977) hypothesized that there was an endogenous daily rhythm in photo-

sensitiviËy. This rhythm has two halves per cycle or 24 hours. During

one haIf, Ëhe anirnal is light "insensitive" and during the other half,

the animnl becomes light "sensi-tive". The physiological process of PRL

secretion is stÍmulated only Íf light coincides v¡íth the "sensiËive"

phase of the daÍly cycle. Winter photoperÍods are believed to he too

short to reach the'fsensitÍve" phase, but in the spring, the photoperÍods
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are long enough to reach the "sensitivett phase, and therefore pRL secre-

tion is stimulated.

The significance of the seasonal variations in PRL secretion ís not

easy to assess. PRL admínistered to PRl-deficient mice stimulates T

production, test.icular growth and spermatogenesis (Bartke et aI. , Lg77).

PRL may increas:e androgen productÍon hy the testes by activating steroid-

ogeni-c pathways (Anbrosi et a1., 1976). pRL hasbeen shown to promore

the accumulatÍon of esterÍfÍed cholesterol in the testes, which is used

in sËeroid production (Hafiez et aL., L972; Bartke , rg74). Both FSH

and PRL in rats can act on Leydig cells to increase their responsiveness

to LH (Bartke and Dalterio, L976). pRL then synergfzes wirh LH and T

to maintain spermaËogenesis and testicular funcËion (Magrini et al. , Lg76).

In a study by Sanford and Dickson (1980) Ít was noted that in the absence

of the springtime increase in PRL secretion, daily spern output r¡ras

reduced and seasonal increases ín testicular growth and circulating T

levels were delayed. rn contrast hypeïprolactinemÍa can cause hypo-

gonadism, oligosperm:ia and impotence in hurnan males and in rats (Thorner

et al., 1974). Presumably, high levels of pRL believed Èo be anti-

gonadotrophic, interfere with both gonadal responsÍveness Èo gonadoËropins

and hypothalamic regulatory mechanisms of gonadotropÍn secretÍon. Never-

theress, short-Ëern hyperprolactÍnenia has been shown, in men, to have

a sËimulatory effect on T secretion (Rubin et al. , 1975). sanford and

Duffy (1980) observed that the shorÈ-term hyperprolactinemÍa in rarns

during the spr'íng only Èeuporaril-y retarded tesËicular growth and dÍd

not adversely affect T secreËion.

Testicular Function. As mentioned earlier, the secretfon óf
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gonadotropins will influence the actÍvities of the gonads and vice versa.

In rams androgenic activity, âs reflected by fructose and citric acid

concentration in the seminal plas-a, attains maximum levels in the fall

and minimum levels Ín the spring (Cupps g! al. , L960; AroÍr and Volcani,

L965). Fructose corÌcentration not only reflects T secreÈion, but ít

indirectly reflecËs gonadotropin secretion as we1l. LH is responsible

for the stimulation of the LeydÍg cells whÍch respond by s.ecreÈing

androgens. During short days:, when the concentrations of cÍrculating

T and LH Íncrease, Ëhe testes begin to increase in size (Sanford et al.,

1974a; Carr and Land, L975; Islam and Land, L977; Land and Sales, L9773

LÍncoln and Davidson, 1977). Elevated androgen levels cause changes in

the peripheral target organs, i.e. the epididyrnus begins to groÌ{, sexual

flush develops on the exposed ventral skin and Ëhe genítals heighten

in sensit,ivity (Lincoln and Davidson, L977). The weighË of the testes

also increases as Ëhe photoperiod decreases (Colas and Courot, L97B;

Ortavant,, L97B). Ortavant (1978) observed that testicular weight was

357, Tower from January to }lay than frou the end of June to October.

Seasonal variations Ín spermatogenesis and testicular metab,olíc

activity, which are reflected by changes in testicular weighÈ and síze,

parallel changes in testicular steroidogenesis and LH secretÍon

(Johnson et al., L973). When daylengËh increases, tesÈicular weight

and gonadal and extragonadal sperm reserves decrease âs ¿ ssnsequence

of altered speruratogenesÍs; fewer spermâËozoa are produced and released

inÈo the lumen of the semÍniferous tubules and ejaculated (Colas and

Courot, 1978; Carter et al., 1980).

FluctuatÍng photoperiod will cause seasonal differences in semen
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quallty and quantity (Jackson and williams, L973; purvis et al. , L9743

colas and Brice, L976; Tornkins and Bryant, L976; sanford et al., 1977;

Barrell and Lapwood, 1978/L979at colas and courot, L?TB). Longer day-

lengths result in increased spermetozoan abnornalitÍes, such as cyto-

plasrnic droplets ín the distal positions which suggest that the mâtu-

ration process andf or the transit of the spermatozoa in the epidídyur-is

are affected by increasing photoperíods. Motility indices and the

percentage of moÈile sperm are knovm to declfne ín the spring and in-

crease again in the fall.

Ejaculate volume of rams increases during the ovine mating season

and decreases during Ëhe nonbreedÍng season. It has been noted that

the highest ejaculate volumes coincíde wiËh maximel T levels (Sanford

et al. , 1977).

Libido. Libido is also influenced by the seasonal patterns of re-

productive hormone secretion. Increased T levels in the fa1l promote

aggressiveness, Lhe Flehmen response and Èhe sexual behavior of the

rans (Lincoln and Davídson, 1977). Schanbacher and Lunstra (1977) :nave

demonstrated that mating behavior of rams is restored in castrated rams

vrhen T is administered. Thus, mat,ing behavior is thought to be androgen

dependent (sanford er al. , L974b; Dtocchio and Brooks, Lg76; Lincoln

and Davidson, 1977).

lhe greateSË mating actÍvity in rams has been observed during the

breeding season. Sanford et a1. (L977) have indícated thaÈ Èhe number

of m¡tes in November t/as 21.5t1.5 for an Bh period, compared. to 7.6t1.6

mates per 8h in AugusË. The greatest mating activity was observed in

December. schanbacher and Lunstra (1977) noticed thaË by late spring



2I

arrd sllrmer mating activity had declined 50il from the peak levels during

the fall breedíng season. The iruprovements in nating performance during

the breeding season \^7ere attributed, in part, to increased T secretíon.

During the nonbreeding season (spring) rams ejaculate less fre-

quently; however, Pepelko and Clegg (1965) have observed that the number

of mounts prior to an ejaculation increases when breeding activiLy is low.

They suggest that rams have low sexual motivat.ion at this time. That

is, Ëhe rams have a short interesË span during mounting and they fail

to persist Ín their aggressive attempts to gain inËromission. I^IíËh

decreased sexual desire, courting behavior nay extend over a prolonged

period of time before sufficient sexual exciÈement is achieved to com-

plete Èhe rnaËing act. Lincoln and Davidson (L977) have recorded the

following results which sumrnarize reproductive activity in Soay rams

throughout the year (not necessarily characteristic of al-1 ram breeds):

Spring the rams. are sexually quiescent

June sexual activity increases, the testes begin to gro\ÀI

and gonadotropin levels increase

October - testes size and T reach m¡xímum levels

Novemb-er - increased evidence of the Flehnen response and pro-

nounced sexual aggressiveness occurs

I^Iínter - involution of the tesËes and a slow decline in aggres-

siveness and sexual behavior occur.

Schanbaclrer (1979) sÈates thaË sexual activity peaks in the autumn

when Èhere is increased synthesis and secretion of LH and FSH. T pro-

duction and sperm^togenesis are also Íncreased, the former resultíng

in improved mating behavior.
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Breed Influence on Seasonality in Reproduction

Seasonality in the ram is dependent not only upon the environmental

conditions to \,/hích the animal is exposed, but upon the genetic makeup

of the ram as r¿elI. Breed differenees may considerably influence the

duration of the mating season (i.e. period of heightened sexual activity),

the patterns of secretion of the various reproductive hormones and sperm

producËion, as r^rell as other testicular funcËíons.

The pattern of mating behavior dísplayed by a ram is clos.ely related

to the breed of the animal. Land (1970) observed Èhe ma¡i¡1g behavior

of Finn and Scottish Blackface rams for 10 min. aË 2L-day intervals over

19 months. The Finnsheep consistently mounted more often than the Black-

face rams, and exfiibÍted greater activíty in searching for and mating

ewes in heat. The Finn rans mated regularly between early June and late

March, ¡¿hereas the corresponding time for the Blackface rams was beËween

late September and mid-February. The Blackface seemed to ïesume ínterest

in Ëhe ewes less quickly than did the Finn rams. In both breeds of rams,

it was noticed that the average number of mounts increased from a 1ow of

5 Ín the sumner Ëo approxírnately 35 in the fall. rt should be noted

that once the Blackface rams entered their specific "breeding season"

(i.e. became sexually actíve), it was impossible to differentÍate between

the abÍliËy of the two groups to mâte.

Schanbacher and Lunstra (L976) detected siruilar seasonal trends in

Suffolk and Finn rams. They noÈed that mating activity was highest for

boËh breeds fn october, hut by late spring and suumer, it had declined

by 50"/.. There r¡ras' a positive correlation between nean T concentratíon

and matíng scores across months, suggesËing that seasonal fluctuaËions
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in serum T influence the sexual behavior of rams. The Finnsheep had

consistently higher T concentrations than the Suffolks for the majoríty

of the sËudy, whÍch may have been Ëhe reason why the Finns tended to be

rnore sexually active than the Suffolks. Some individuals within each

breed group conÈinually scored hígher ín mnting performance, suggesting

that regardless of hormone. Ievels, sexual aggressiveness is an inherent

Èrait for which genetic selection m¡y be useful.

Breed differences have also been observed in the age at which the

anÍm¡l reaches sexual meturiËy and the tÍme at whích. testis diameter

begfns to increase in response to decreasing daylength. Land and Sales

(L977) have observed that Finn rams reach sexual maËurÌty earlier and

are nÞre sexually active than Merino rams. However, the Èestes of the

Merino raus begÍn to increase in size earlier than do those of the Finn

rans. The reproductive performance of the male seens to follow closely

that of the female since as Merino ewes start their breeding season, the

testis diameter of Merino rams begÍns to inerease. It is suggested that

the varÍatÍon in tesÈÍs dÍameter for rams of a gíven breed duri¡rg Èhe

year uay give an indication of the susceptÍbÍli'ty of the femelss of the

same breed type to changes in photoperiod. rn addit.íon, Èesticular

r,{eight is greater Ín those breeds. of sheep whose females have hígher

ovulation rates, and the diameter of the testes has'been positively

related to Ëhe ovulatlon rate of the feroales of those breeds (Eraun

et al., 1980).

Land (1970) observed that there r¡ras no difference in semen quality

between Finn and Blackface raüs, but the service season of the Finn was

longer than Ëhat of the Blackface rans. This coíncided r¡ith the females

of each breed Ín that Èhe breeding season of Èhe Finn ewes vras twíce as
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long as that of the Blackface er¿es. Land (f970) postulated that Finn-

sheep uay have a higher sensitívity to gonadotropins or a higher level

of circulating gonadotropins than the Blackface sheep, and that the

longer breeding season of the Finns may result from their heing above a

fertility threshold for a longer proportíon of the year. perera and

Munro (L976) staËed that in Scottish Blackface raÍrs, peak frequencies

of gonadoÈropins were hÍgher duríng the mating season and. lower during

sexual quies.cence than Ín other breeds of rarns. Secretion of androgens,

as well as testicular growth, is known to be influenced by LH levels

whÍch differ cons-iderably between breeds (carr and Land, Lg75). Thus,

it is possible Ëhar the differences noËed in androgen levels in this

study mây represent breed variation in either testicular ïesponsiveness

Èo gonadotropins or in Èhe pattern of trophic hormone release.

Sinilar seasonal patterns in hormone levels and testicular size

have been observed in different breeds of sheep. Ronney and Merino rams

had three-fold hígher plasma T levels in the breeding season than in the

nonbreeding season. rn both breeds, plasma pRL Levels revealed a

marked four- to eight-fold increase ín the 2 months preceding Ëhe onset

of Ëhe breeding season, suggesting that PRL potentÍaÈes the sÈimulatory

effect of LH and FSH on testicular growth and function. Ihis role of

PRL rnay be more important for Merino ïams than for Romneys because plasma

FSH and LH levels r¡nderwent statistically different seasonal changes in

the Roraney rauls, but the Merino gonadotropin leve1s remained relaËively

constanÈ (Bremner et al. , I97B).

Differences in semen quality have h.een observed for some breeds of

sheep. Rornney rams, when compared to Dorset and Merino ra q, had lower
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overall mean values for Ëhe percenÈage of motile spermatozoa and the

concentration of spern per rn1 of ejaculate. MerÍnos, on the other hand,

had higher overall mean values for total ejaculate fructose content,

seminal fluíd fructose concentration and seminal plasma fructose concen-

tration than did the Dorset rams; this was largely due to the fact that

Dorsets did noË exhÍbÍt an autumnal peak in these parameters. Breed

differences in PRL levels r¡/ere recorded, with Rornney rams having the

highest levels, followed by Dorsets and then the Merino rans. All of

the rams had similar seasonal patterns of secretion for LH, FSH, pRL

and T (Barrell and Lapwood, I97B/L979a).

DorseË and Romney raus may exhibit sinilar seasonal patterns in

T secretion, but the T levels are significantly different between the

tT¡¡o groups (Barrell and Lapwood, l97ï/Lg79a) . Romneys display a grearer

increase in T during the suutrner, indicating that Ëhey roay respond more

quickly to changing photoperíod. hlhen rams of both breeds are Íntroduced

to ewes during the transítion from the nonb.reeding to Èhe breed.ing season,

a high proportion of the ewes display early esÈrous activity and

synchronizaËion of estrus. This event is known as the ram effect and

it has been observed thaÈ ewes joined with Dorset rams enter into estrus

earlÍer than those joÍned with Romrey raÐs (Tervit and Peterson, 1978).

DorseË raÐs. appeared to have an earlier rise Ín T than dtd the Rornney

rans; this could have caused an earlier production of pheromones in

Dorsets, Ëhus enabling Ëheu to stimulaLe ewes earlÍer in the breeding

season Ëhan Romney rams.

In all studies cÍted in this revÍew; breed differences have been

reported Ín: 1) perÍpheral blood gonadotropin, pRL and T levels and in
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hormone-profíle characteristics, 2) libido, 3) sperItr output., 4) semen

quality and 5) scrotal circumference. Hor¿ever, it appears thaË the

different breeds do exhibit similar seasonal trends in the reproductíve

parameters under observation.

The present study was undertaken to further investigate breed

differences in reproductive parameters of rarìs, as well as breed x

season interactions with respect to changes in these reproductive para-

met,ers. rn nany ways this is a unique study. For exauple, it offers

the opportunity to observe all 3 gonadotropins and many testicular and

behavioral sexual characËeristics oveï a l4-month period. In add.iËíon,

four breeds of sheep were involved in this study - more Ëhan most

studies. The breeds were selected on the basÍs of their reported Large

differences in e¡¿e fertility and on their popularity Ín Canada. Unlike

most studies cited in this revíew, the rarns vrere exposed to extremes

in temperatures. In souËhern Manitoba, the Èemperatures vary anywhere

from 30 to 35oc in the suumer to approxÍmatery -30 to -4ooc in the

winter. It was hoped that thís study would provide some insight into

sire perforfiEnce r:nder these conditions that would. aid in the selection

of flock sires to meet particular management demands, i.e. early breeding

or out of season breeding, good teaser rams to promote early breeding of

e!¡es, etc. rn other words, Ëhis study would appear Ëo be more compre-

hensive and relevant for use in Canada.
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MATERIALS AND METHODS

ExperimenËal Animals

Three Finnish Landrace (Finn) and four each of Suffolk, Dorset and

Scottish Blackface raÐs vrere selected for this study on the basis of their

report.ed differences in fertility and length of breeding season.

scottish Blackface rams in canada and the united Kingdom have a very

resÈricted breedÍng season, \,üith little or no mating done prior to

Septenber (MacEwan, L94L); this is consistenL r^rÍth the known ïestïicted

mating season of Ëhe Blaekface e\¡/es. I{hen Finn ev¡es r¡rere compared to

Blackface e{¡¿es, it was observed that the breeding season of the Finn is

Ëwice as long as that of the Blackface (Land, L970). The Finn and Dorset

TaItrS are reported to have prolonged breeding seas'ons, with Ëhe Finn

extribiting remarkable'sexual aggressiveness throughout the year. Suffolk

rams are reported to have an intermediate breedíng season, falling some-

where in between Ehe extremes set by the Finn and Blackface rams.

The experimental Tams !¡ere all one year o1d aË the time the study

commenced in Juner 1979, and they r,reighed between 36.0 and 69.7 kg. The

animals remained in good health throughouË the l4-month study, which

concluded in July, 1980, except during the month of March. A number of

rams lost quite a bit of weight during this month atËïibuted to poor

quality hay that they were receiving.

Ïhe raus were housed ouÈside all year round, buÈ they had access to

a Ëhree-sided, open-front barn for shelter from inclement weather. The

animals were fed a leguue hay and grain ration in feeders located ouË-

side of the barn. Water and salt licks (blocks wi-Èh rnineral supplements)

were available ad libitum.
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EighÈ ovariecÈornized e\Á/es \¡¡ere used to stimulate the rams during

the libído assessment periods. The ewes T¡/ere brought into estrus by

injecting 20 rng of proges.terone (in 1 ml corn oil) intramuscularly 3

days prior to Èhe Èrial date. The day before the libido test, each ewe

was injected i.n. wíth 1 mg of estradiol-l7ß (in t ml corn oÍ1).

Usually the ewes r¿ere in esËrus 16 to l8h later. Estrus was maintained

until the end of the libido trials by adruinisterÍng anoÈher 1 ml of E^

every 12h..

Experimental Plan

This study r¡ras originally designed using four yearling rams of each

breed (Finn, Suffolk, Dorset, and Blackface). Hor¿ever, one of the Finn

rarns broke a leg early in the study and had to be put Ëo sleep.

Blood Saupling. The bleedings were conducted on 2 days at monthly

inÈervals, wíth tr^ro rams from each breed bled on the first day (day 1) and

the rem:inder of the rams bled on Ëhe second day (day 3). Rams r¿ere

divided into two groups for Èhe blood collections because it would noL

have been practical, to try to bleed all 15 Tams together at 2O-rnin

intervals. Ihis is especially true in the winter when vacutainers and

hands do not work very efficientlyl

Bl-ood collection starËed at approximately 0900h, with samples taken

aÈ 2O-rnin intervals for Bh (the last collecËion being taken at 1640h).

Scrotal Cfrcumference and Body l^IeighË. Scrotal circumference \Áras

measured every 2 weeks duríng Ëhe study by Èwo people and an average of

the Èwo ueasuremerits \,/as calculated for each ram. Rams were weighed once

a monÈh, usually in the middle of the month. Body weíght measurements

r¡ere taken inside the barn which \{as heated in r¿inter (l3-l-BoC) .
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Líbido Testing. The mating performance of the rams was assessed

ínside the barn every 3 months (July, November, February and June).

Four ransr one of each breed, lrere observed simultaneously for 4 hours.

Each ram r,las penned with tr,,ro estrual ewes for 2h and then exposed to

another pair of ewes for a further 2h to ensure that the rams maintained

their mating incentive. The number of mounts and mn¡ss per 4h were

recorded for each ram.

Because fer¿ of the rams had any Dating experience prior Èo the

first assessment period, a trial period was set up. This allowed the

rams to become faniliar with the ewes and their new environment, and

hopefully prevented any sexual ínhibition due to a novel situation when

the actual libido trials r¿ere started.

Daily sperrn outpuË Determination. Daily sperrtr output (DSO) was

assessed in Septeuber/October, January/February and May/June to observe

seasonal differences in sperm production between Èhe breeds. Síx rams

ât one time, at least one of each breed, were brought inÈo the barn for

assessment. DSO was assessed by counting spermâtozoa voided in uríne.

Urine was collected for â minipsr of 6 consecutive days from each animal,

to ensure that an accurate estÍmate of DSO was obtained since marked

day-to-day fluctuaËions in spern ouÈput nor-rlly occuï. DSO fluctuates

consíderably because of the capacity of the cauda epididyrnis, vas

deferens, and ampulla to retain large numbers of spermatozoa for an

ejaculatory reserve and because of variations in the rate of transfer

through the male reproductive tracÈ (Lino and Braden, 1972).
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Collection and Handling of Blood

At the onset of the study, the rams were not accustomed to the

procedure of blood collection. Most of the rams, excluding 1116 (Btack-

face), adapted very quickly to the bleeding routine. Almost all of the

rams showed some sign of stress at the beginníng of each bleeding

session, but after Ëhe first few samplings they appeared to calm dor¿n.

Blood was collected from each rau at 20-min Íntervals for 8h.

Approximately 7 n1 of blood was collected from the jugular veÍn by veni-

puncture using 20 gauge, L'.5" (3.3 cm) long needles and 7 nI vacutainer

tubes. The blood sauples were kept in a cooler containing ice during

the Bh saupling period and afterwards were placed in a refrigerator

m¡intaineð, at 4 to 5oC. The sauples were cenLrifuged for 20 to 25 min,

within 24}:. of the termÍnaËíon of the collection period. The sera were

Èhen decanted into 1 dram vials and stored ín a freeze-r at approximately

-2OoC unËil they were Ëhar¡ed and aliquots \{ere assayed by radioíE¡ouno-

assay for various hormone concentrations.

Collection and Handling of Urine

The animals were placed in metabolism crates (.6 n x 1.2 m) located

inside the barn Èhe day before the urine trials T¡/ere to begin. Before

entering the crates, wool in the abdominal area ín the vicinity of the

sheath was sheared and a flexible plastic cone was glued into place wíth

bull cement (3M Brand. Adhesives, Coatings and Sealers Divísion,

3M Center, St. Paul, MN. 55101). The cone consÍs'ted of a hollow cylin-

drÍcal projection (4 cn dÍameter and 15 cm length) secured at a 45o

angle to a rectangular base (25 cm x 30 cm).
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The plastic cones were made prÍor to the trial period with a com-

mercial compound, Plastisol Base (F.II. & sons ManufacËuring Ltd. , Lg2g

Hwy. ll7, Concord, Ontario. L4K 181).

To prepare the cones, a metal mold is first placed in an oven

(160oF) for t hour. Then Èhe mold is sprayed wírh a lubricant (6075

Dry Filn lubrícant release agenÈ (TFE), Crown IndusËrf.al Products, Hebron,

I11.) for easy removal and dipped into the lÍquid Plastisol container

for approxirnately 1 rnin; if the nold is not hot, the Plastisol will not

adhere to it. The plastíc covered mold is then removed and placed back

into the oven for about 45 to 60 nin. AË the end of this time, Ëhe mold

is removed from the oven and placed in a waterbath of cold water (2-

5oc)-, The cone can easily be cut from the mold with the use of a

scalpel and. is ready to be glued to the und.ersid.e of the experirnental

animpl.

The glued cone vüas permitted to dry on Ëhe ram for up to 24h,

although 3h would have been sufficient; this r¿as d.one to insure that there

T{ere no leaks around the sides of the cone base. Also, this allowed Èhe

anim¡Is time Èo acclirnatize to their neÌ,ü surroundings prior to the urine

collection.

The following day (e.U.) a rubber stopper was inserted Ínto the end

of the cylindrÍcal portion of the cone. The stopper, wtrich was fitted

with a 4 cm length of stiff plastic tubing, r¡ras attached Ëo a lengËh of

plastic Tygon tubing having an inËernal dianeter of 5 nnn. This length

of tubing lras connected to another rubber stoppeï inserted Ín a vacuum

chanbered 9 liter Pyrex glass bottle. The second stopper was joined to

another length of Tygon tubing v¡hích was fastened to a vacuum pump.
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The vacuum creaLed in the collection system resulted in urine quickly

being transferred from inside the animalts cone to the glass bottle at

the time of urinatÍon.

The Pyrex bottles !üere treated with sílicone to prevent the adhesíon

of sperm cells to the glass. A saponin-form¡lin solution (300 u1),

described by Lino and Braden (L972) was added to each bottle to prevent

clumpÍng of the sperm cells

The bottles conËainÍng the urine r¿ere changed daily and the urine

output per 24ln was measured. An aliquot (30 rn1) of urine v¡as retained

for each ram for DSO determínation and the rest of Ëhe urine vras discarded.

Each day, two hemocytometers were filled with undiluted urine from

a given rau and the number of spermatozoa in dl1 four chaurbers vrere

counted. DSO was calculated using the following equation:

DSO x 106 = [*Ë:"i':î:Hi.#1-r",] . [ïä:"i':i:Hi.Í3-r",ì
2

x ml urine per 24h x .01

.01 = a correctíon factor that takes into account the hemocytometer

volume. Urine was collected from each anímal for 6 consecutive days and

an average DSo from each Tam over the 6-day period was calculated.

ApproximaLely 95% of unejaculaËed sper¡n is voÍded in the urine (Lino,

L972; Lino and Braden, L972).

Hormone Assay Procedures

To determine the secretory profile characteristics of LH and T

during certain months, aliquots of the serum samples collected during

the Bh bleeding periods were assayed for Lt{ (.2 r¿r) and T (.1 ü1). Al1
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of Ëhe samPles from each ram, during an Bh period, r¡/ere included in the

same LH assay. Hor¿ever for Ëhe T assays, sera obtained from only four

rans (one of each breed) during an Bh period r^rere included ín one assay.

In total, four assays were conducted to determine LH profile charac-

terÍstics for the months of July, october, January and AprÍl, and eight

assays were performed to deterru-ine T-profile characteristics for the

rnonths of october and April. In addition, sera pooled. from all of the

collections during the Bh periods (i.e. .1 n1 from each 2O-rnin bleeding

during the Bh for each ram r¡as pooled) weïe assayed for LH, FSH, pRL

and T. A1íquots of .2, .2, .05, and .l- ul were used for LH, FSH, pRL

and r, respectively. A single assay, containing the aliquots of poored

sera from all the raus rrtas run for FSII , LH and PRL. Four assays con-

tainíng the pooled sera from each of 3 or 4 rams (one of each breed)

vrere run to determine the T concenËration.

LH Assay. A modified version of Èhe double-antibody radioirnmuno-

assay (RIA) described by Niswender et al-. (1969) was employed to derermíne

seruln LII concenÈrations. The rnodifíed procedural details have been re-

ported by Howland (1972). AntÍovine LH (antÍ-olH) sennn GDN //15 was

used in this assay. LabellÍng of NIH-LH-S22 with 125r' (a"r¡ridge Nuclear

Corporation) was performed by Dr. B.E. Howl-and (University of Manitoba,

DeparÈment of Oral Biology) using a modification of the method employed

by Greenwood et al. (1963). ThÍs modified procedure has been described

by sanford (1974). LH values'ürere e4pressed as ng/nl of NrH-LH-sl4

standard. The antiovÍne LH serum was used at an inftial dílution of

1:100,000 Ín .5% rabbít serum-phosphate-dÍsodium-eËhylene dinitrolo-

tetracetate (.52 RS-phosphate-EDTA) buffer. The procedure for makÍng
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this buffer has been detailed by Yarney (1980).

The inter- and intra-assay coefficients of varÍation (Rodbard, L97l-)

for five replicate samples from a pooled serum standard wíth a mean

concentration of 1.51 ng/n1 were L8.47" and L.4%, respecËively. The

1o¡¿est levels of LH detectab-le, defineð, as 952 of the inirial binding,

ranged fron .04 xo .23 ng/r01. Samples whÍch had values below the miniruum

detectable leve1 (Ín thÍs and oËher hormone assays) ¡,¡ere assÍgned Ëhe

mat,ching uinimum detectable va1ue.

FSH Assay. Senm FSH concentraËÍons \./ere determined by using a

procedure developed by Dr. K.LI. cheng of the Health sciences Campus,

university of }fanitoba (cheng er al., 1981). chengrs rabbir anri-b FsH

serum r¡as used at an iniËÍal dilution of 1:60,000 in .52 RS-phosphate-
1r\

EDTA buffer. ---r was used to label Dr. chengts own purified bFSH

preparation. The amount of free hormone \¡ras separated from bound hor-

mone by antí-rabbit gan¡ma globulin. FSH values r¡rere expressed as rlg

NIH-FSFI-S 12 /nt .

The int.ra-assay coefficient of variation for tr¡lo replicate samples

from a standard serum pool with a concentration of 183.4 ng/m1 was

3.7"/". The ninimum detectable level of FSH was 3.0 ng/rnl.

Prolact.in Assay. The coricentrations of serum PRL were determined

by a rnodificaLion of the proeedure described by sanford g! al. (1978).

An anti-ovine PRL (anti-oPRl) serr:m developed in rabbits (Friesens: /173)

"rrd 
125r-1abe11ed 

NrH-PRL-S12 were used in this assay. rhe anti-opRl

serum was inÍËially diluted 1:12,000 ín .5% RS-phosphare-EDTA buffer.

Anti-rabbit garma globulin serum was used Ëo separate free hormone from

bound hormone. PRL values r¡rere expressed in ng/m1 of NrII-pRL-sl2
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s tandard.

The intra-assay coeffÍclenÈ of variation was 1.37" and the rninimum

detectable PRL leve1 was 9.0 ng/n1.

Testosterone Assay. The details of the methodology used in this

assay have been extensivel-y described by Yarney (1980). The antiserum

employed was raised in sheep inrmunÍzed with T-3-carbo>ry-nethyloxime

conjugaËed to bovirie serum alburnin (sanford et a1. , r97B) and used at

an iniÈial dilution of 1z24oo. Labelled T (T-1,2,6,2-H3) was purchased

from New England Nuclear and the T used to prepare the standard curve r¡ras

purchased from Steraloids Inc.

The inter- and intra-assay coefficients of variatÍon were L6.5% and

6.77., respectively, for the 12 duplicate determinations on a standard

pool of ram serum. The mean T standard concentration was 9.BB ng/ul and

the minimrrm deÈectable T levels ranged from .3 to .6 ng/n7. The per-

cêntage recovery for the T assays averaged 88.67..

DefinÍtions of Hormone Profile CharacteristÍcs

Mean baseline - The mean of the lo¡¿est single value(s) between peaks,

which are not obviously associated with a peak, Í.e. usually those

t¿hich inrmediately preceded an elevation (Sanford eË al. , L977).

Peak - A measurable rise in concentration followed by two or moïe

successÍve decliníng values (Lincoln, L976). "The rÍse was con-

sidered measurable when the difference between consecuÈive lorrr and

high values \¡rere higher than three standard deviations of Ëhe

overall sampling period mearfr (Blanc et al., 1978).

Peak height - The highest value associated wiËh a peak.
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Delta (A) value - The difference between peak height and baseline value.

Peak frequency - The total n'mber of peaks in an Bh period.

Stat.istical Procedures

The intra-assay coeffícÍent of varíation was calculated according

to Èhe method described by Rodbard (1971), while the inter-assay

coefficient of variat.ion was determined using the standard sÈatistÍcal

procedure outl-ined in Snedecor and Cochran (1978).

DaËa obtained for a given saupling or assessment peri-od rn¡ere sub-

jected to a one-way analysis of variance and dÍfferences between means

for the four breeds were tested for sÍgnificance using the Duncants new

multiple range test. Additionally, all of the data for a given measure-

merit r¡rere analyzed together by analysis of variance using the BMDp

BiomedÍcal Computer Program (P2V) developed by R. Jennrich and p. Sampson

(1977). This pïogr.âm was devised to take into account the fact that

repeated measurements rÀrere taken on the same anÍmals.



1-7

RNSI]LTS

Scrotal Circr:mference

There vrere definite siiuilar seasonal-direct.ional trend.s in scrotal

circumference exhibited by rams of all breeds (Figure lb and rable 1).

TesËiculat slze sËarted to increase in June, L979. The Dorset rams

aËtaíned their maximal scrotal círcumference of approximately 35 cu in

early July; this was considerably earlier than the other rans, who reached

their peak circumference in sepËenbeï or october. The Dorsets also

maintained their maximtm scrotal circumference for a longer period of

time than did the other breeds of rams. The period of peak circumference

for the Dorsets was from uid-July to Ëhe end of October; whereas in the

Finn, Suffolk and Blackface ranns the period of maxiuum testicular size

was uuch shorter, with peaks occurring in Septenber or early october.

Nevertheless, testicular síze had declined by November in all rams.

Ïhe Blackface rams had the snallest and most variable scrotal cír-

cumferences throughout the year, with the mean circumference ranging

from a 1ow of 23.6!.4 em in June L979 xo a high of 32.6t.8 cm in October

L979. rn contrast, the Finn ra-s had, on average, the least variable

testicular size, with only a 5.3 cm change in size throughout the year.

The Finn and Dorset rams extribited a slight increase Ín scrotal circum-

ference betsween mid-December and early February, but testes size had

decreased agaín by nid-February. By the end of the following May, tes-

ticular size had begun to increase, wíth j-ncreases being partícularly

evident in the Dorset and Blackface rams. There rìrere times during the

year when significant differences (P<.05) in testes size v/ere not
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Table 1. Mean (tSE) scrotal circumference (cm) rneasurements

Breed*

Date Finn Suffolk Dorset Blackface

June 4
1B

July 3
T6
31

Aug. L4
27

Sept.10
25

Oct. 11
26

Nov. 15
30

Dec. L2
20

Jan. 10
23

Feb. 6

zo

Mar. 5
18

Apr.2
L7
29

May 13
2B

June 1l
24

July

2s .s!L.4P
30. 811. 3Þ

31. et. eP
32.2!.sP
33.2!.gD

34.2!L.2?
34. Btl.0b

33.2r. g.4

33.51. 7D

34.01.6P
32.4!.4b
32.9!.4:
31.9r. Bb

31.01. 9b.
31.5tl.2b
30.6r.9b
30.ot1.8a'b
30 .4t1. ta
30.Bt1 .4b'"
31.811.34

32 .6!L.2^'P '"
32.7 !L.0"'b

36 .01. lP
36.zx.sb

35.5r. %a
36.2!.2
34.7!.4?
34 .5t.4D

33.4!.4b
33. 4r .54

33.4!.7?
32.7!.7b

32.1;-r.Ab
30. 3t.61i

30.11 .7^'b
28.g!.64
2s.s!.6P
30 . lt.2P
29.5t.4b
29.7tL.2a
29.gt.3a
30 .51. 3b
31. 3t. 7a

32.5r. Bb
34.0t.64

34 .6!r.Da
35 .21. 8b

33.511.lb
33 .0i. 9b

32.0!L.2b
31. gtl .14

32.3!L.34
32.7!.gb

32.8!.7?
31. Bt.4b

32.r!. eP''
31.2r. Bb

30 . 7t.6P
30. 7r. eP
30.6r.6b
32.5r.5b-
33.5r1. Ob

33.2t.g:
34.7t.4b

35 .0t .4c
36. 3t.4c

23 .6! .44
24.8!.74
26.2!.Ba
27.0!.84
27 .7!.Ba
28.6!.74
29.7!.74
30. Bt.9a
32.3!.74

32.6x.84
32.0!.54

31. 1t. 4a
30 . Bt.4a

29.4t.74
30 .1r. ga

29.3!L.La
28.6!r.54
28 .5tl.14
27 .1-!L.Oa

28.3!.ga
27,8!.64
26 .6!.ga
26 .5t.64
26.g!.54
27 .g!.24
2g.3!.2e
27.6t.54
29.3t.74
30. 1t. 7a
3r.2!.64

31.0r.6b,
32.111.1b

34 .5t.5c
35.2!.6:
35 . 1r.6b

3s . lt. sP
35 .4r.8b
3s . 21. 8P
35 .31. Bb

30.st.sb.
¡o . 7tt.4D

L^
33.0r -91"
33.7t B.b'"
34.6t. 3b

3s .11. 2P

35 . 71. 3Þ

34.4!L.Lb
35.2!.7b

35 .1r.9.4
34.5!.7D

33. 7t. Bb
33. 111.0"'b
32.2!. g"',b
32.4!.ga

9
22

*Values for Fínn breed represent three rams, and for the other breeds,
four rams.

Horizontal means noË sharing a símilar leËËer are significantly
(P<.05) different.
Time x breed inLeraction significanË (P<.01).
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Table 2. Mean (tSE) body weíght (kg) neasurenents

Breed*

Date Finn Suffolk Dorset Blackface

June 18

July 16

Aug. 27

Sept.25

Oct. 26

Nov. 15

Dec. 12

Jan. 10

Feb. 20

Mar. 18

Apr.18

l{ay L2

June 11

JuLy 22

46 .g!L.7b

5L.4!.7b

55 . 7t1.5b

56.6t.64

56.7t.64

56.8t.74

57 .6t.64

57.L!L.74

59 .6t. 3a

57.g!.34

59.4!.24

59 .61. 3a

59 .ltl.14

64.6t.74

66.s!L.2c

72.6tL.0d

78.9t1.8d

83.4t2.6c

84.O!2.5c

83.9t2 .5c

83.7!2.Lc

87 -gt2.Lc

g0.2!2.rc

BB . 312 .lc

91.5tl . gc

gL.5!2.3c

go .6t3.5c

98.5r3.0c

6L.7!2.5c

64.2!2.Lc

68.6tl. 6a

7t.6!L.6b

72 .5!L.gb

74.4!2.0b

73.rtz.6b

76 . Ot3.5b

77.6ú.2b

77.1ú.3b

79 .6t2.6b

79 .6!2.4b

79.6!2.0b

83.611. 8b

38. 211.04

4L.Otr.4a

46.6!3.L4

50 .5t3.14

52.ot2.ga

54 .4!L.ga

54.ztz.Ba

56 .B!2.74

59.2!3.L4

56 .013. 4a

58.g!4.24

58.2!4.r4

56 .6!4.04

64 .013 . Ba

*Values for Finn breed represenË three ratìs, and for the other breeds,
four rams.

Horizontal means not sharing a similar letter are significantly
(P<.05) different.
Time x breed interaction signíficanË (P<.01).
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observed beEween the breeds (ocËober 11, December 20 and January l0).

As the rams aged, Ëesticular síze increased; as indicated by com-

paring the differences in scrotal circumference Deasurements in June

and July, L979 to those recorded during the same months the following

year (Figure lb). This applied particularly to the Dorset and Black-

face raus and was likely related to the increase in body weight

that was observed as the animals matured (rigure la and Table 2). For

uost of Ëhe b,reeds (Blackface excluded) increases in body weight slowed

down and/or ceased during the breeding season (from late August-early

september to Èhe end of December). rn January, body weight started to

gradually increase again for some rarns, with a sharp elevation in weight

occurring for all rams in July 1-980.

Mean Hormone Levels

All of the hormones assayed for in this study (LH, FSH, T and pRL)

exhibited definite seasonal variaËions in serum level-s (Figure 2). rn

addition, iÈ was established that the pattern of seasonal change of T

and FSH levels varied beLween breeds (Tine x breed significant p<.01

and P<.05). These Èrends are ill-usËraËed in Figure 2 and in Tables 3

through 6. T levels were higher for all rams during the faII breeding

season (September through December) than they were between March and.

Ju1y. During the breeding season, Ëhe Finn raus had the hÍghest serum

T concentratj-ons, however Ëhese levels were only significantly different

(?<.05) from those of the najoriËy of the other breeds in october and

December. I^Ihi1e Finn rams also had significantly (p<.05) higher T

levels in January and February, there T¡rere no breed dÍfferences in T
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Table 3. Mean (tSE) serum testosterone
bled at 20 ¡nin intervals for

(ne/ml) for ramsconcentration
Bh

Breed*

Date Finn Suffolk Dorset Blackface

June 4/6

Jul-y 9/11

Aus. 6/B

SepL.I0/L2

Oct. 9/LL

Nov. 12114

Dec. LO/L2

Jan. L4/I6

Feb. LL/L3

Mar. I0/T2

Apr. 7 /9

May 5/7

June 9/11

July B/9

2.63t.45a,b

4 .4!.584

7 .34!r.434

L2.72!4.g24

L6.05!.22c

L3.ZO!.044

L6.3g!3.62b

L2.OL!.32c

5 .0411.l1b

2.L6!.264

L.57!.454

L.g7!.2L4

2.25!.3g4

3 . 701. 114

2 . O8t.5Ba

2.BB!.754

5 .90t1.454

L3.35!L.424

LL.42!L.hob

10.40tl. BOa

8.64tl .77a'b

3.56t.78b

L .7g!.454

L.76!.6L4

2.OO!.464

1 .45!.7 4a

2.Lrt.54a

3 .0 3t.5 74

4.01r. B3b

5.LLIL.2LA

4 .g 4t .6oa

7.83!.gLa

7.44t.604

6.34!L.6La

6.37!L.g2a

3.38!.77b

2.60!L.L2a'b

2.L3!.424

2 .47!.344

2.83!.634

2 .58t.434

4.83!.964

.g3t.244

1. Blt. 734

3.L4!.754

g .27!2.324

6.86t.464

g.6ztz.3ta

5 .44!z.6za

.97 !.254

1. 351. 434

2.69t.834

2.LOt.43a

2 .2g!.574

t.45t.z6a

2.35!.374

*Values for Finn breed represent three rams, and for the other breeds,
four rams.

Horizontal means not sharing a sirn-ilar letter are significantly
(P<.05) different.
Time x breed interacEion significanË (P<.01).
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1evels between l"Iarch and July 1980. Peak T levels in Suffolk, Dorset

and Blackface rams r^/ere attained ín September, while the Finn rams did

not obtain Èheir highest T concentrations until October. There \^/as a

slight and transient decline from peak T levels in Finn rams during

November. serum T concentrations for suffolk and Blackface rams

declined in OcËober. However, the Blackface rams exhibited an increase

in T concentration again in November, which was followed by a sharp and

sÈable decline in T l-evels in December. Blackface T levels increased

slightly in February and March. By January, the Finn, Dorset and

Suffolk rans displayed sharp reductions in serum T concentrations. All

of the ram breeds disclosed minimum T levels in the spring with sub-

seguenË increases in T occurring in July.

Although there Ì¡rere no significant (P<.05) breed dífferences in

serum LH levels during any month (Table 4), the Dorsets and suffolks

tended to have higher circulating LH levels throughout many months of

Ëhe year (Figure 2b). The Dorset LH levels were especiarly high

(averaging between r.23-2.39 ng/nl) between January and July l9B0;

whereas the other breeds had levels averaging <1 rlg/ml during this time,

except the suffolk rams which displayed a mean of 1.29 ng/mL in May.

In July L979, LI{ levels for Finn, Suffolk and Blackface rarns fn-

creased while Dorset LI{. concentrations \,/ere mâintained aÈ their previously

relatively high l-evels. During the subsequenË five months, 1eve1s of

LH tended Lo decline for all rams.

Minimr:m or near minimum LH levels were detecËed for the Dorset,

Blackface and Suffolk rams in January, and ín March for the Finn rams.

Following a period of mi¡i¡1¿I concentration, LH 1eve1s increased to
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Table 4. Mean (tSE) serum
20 rnin inËervals

LH concentrations
for Bh

(ng/ml) for rams bled ar

Breed*
Date Finn Suffolk Dorset Blackface

June 4/6

JuLy 9lLL

Ãue. 6/8

Sept. I0 ltZ

Ocr. 9 /I7

Nov. L2/L4

Dec. L0/L2

Jan. L4/L6

Feb. Lt/L3

tlar. LO/LZ

Apr. 719

May 5/7

June 9/11

July B/9

1.09t.40

2.9311. BB

2 .29!.98

I.75!L.20

L.52!.47

L.42!.65

1. 151. 38

. 78t.18

.65!.27

. 311.05

. 391. B0

.46!.r2

.76t.32

l. 36r.59

2.62!L.36

3.57r. 85

2.63xI.03

2.27! .42

2 .47 ! .77

2 .26!.49

I.75!.34

.62!.L6

.561 .13

. B0t.2B

.82!.07

L.29!.32

1.101.52

2.30!.64

3.73!.93

3.59L.75

1.93t.16

2.48!.54

L.64!.L7

r.94t.33

2.07x.83

L.23!.25

1.52r. B3

I.6Lx.69

1. B2t. 60

2.39!.72

L.86!.26

2.82!.84

.45t.08

L.79x.L9

L.20!.L4

t. 901. 4B

.85t.10

1 .031. 14

.69!.23

.52!.L7

.60!.24

.79t.22

.7 4!.LL

.90!.25

. 75r. 18

. B3r. 23

*Values for Finn breed represent three rams, and for the other breeds,
four rams.

No signÍficant (P<.05) dffferences between tlorizontal means for
any month.

Tírne (P<.01) significanr.
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different exÈents in all breeds throughout the remainder of the study.

Increases in circulaËing LH levels r¡rere particularly evident in Suffolk,

Dorset and Finn rams in July 1980.

Seasonal variations \,rere also noted in mean FSH levels, with the

highest circulating concentrations occurring in the late sumner and fall

and the lowest leveIs occurring in the late ¡¿inter and spring. The

Suffolks extribíted significantly higher (P<.05) FSH levels than did the

other breeds during the breeding season (table 5), as well as having the

híghest FSH levels throughout the year (Figure 2c). Breed differences ín

FSH levels r,Terenotnoted between January and July, 1980. Seasonal vari-

ations in FSH appeared to occur to a greater extent in the Suffolks with

averages ranging betv¡een 34.4 and j.40.4 ng/n1, while the Dorset and Black-

face rams showed the least variability with averages rangíng between

27.I arl.d 55.8 ng/rol and 18.4 and 46.9 ng/ml, respectively. DorseË rams

were Ëhe first to reach their peak FSH levels in Ëhe sturmer with their

highest mean concentration being observed in July. FSH levels in

Suffolk and Finn raus peaked in August, while maximrl FSH levels in

Blackface ra c h¡ere not reached until September. FSH levels declined

during the months imredíately following Ëhe peak monÈhs. The Blackface

rams attained minimum levels in January; the Dorset and Suffolk rans

displayed their minimum FSH levels in April; however, the Finns did not

reach their lowest levels until May. Differences betr¿een breeds during

monÈhs of naximr:m and minimun FSH levels and the extent of seasonal

changes extribÍted, probably accounÈed for the significant (P<.05) breed

x time interaction. In all the rams, FSH levels began to increase the

month after minimum concentrations were detected. Suffolk and DorseË
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Table 5. Mean (+59) serum
20 min. intervals

FSH concentrations
for Bh

(ng/nl) for rams bled at

Breed*

DaÈe Fínn Suffolk Dorset Blackface

June 4/6

July 9/11-

Aus.6/7

Sept. LO/LZ

oct. 9lLI

Nov. 12114

Dec. ]-0/L2

Jan. 14/16

Feb. 11/13

I'Iar. LO/L2

Apr. 7 /9

May 5/7

June 9/11

July 8/9

26.5t6.7^',b

45.4t6.g4

go .oto . gb

77 .B!21-.5"',b

53.4111.54

32.4!6.24

30.814. 1a

43. gt13.04

37 .4t7.74

25.7!5.94

22.9!6 .La

18. 3t7.64

23. Bt5.5a

33.1t10.54

BB. 3t24.5c

109 . Bt33. ga

L40 .4!6.gc

115 .8124.lb

94.0t4. ¡b

83.7lg.7b

85 .116 .0b

56 .7lB.za

43.O!3.24

39 .6tll. 4a

34.4t8.54

42.0!:-:6.74

45 .7!24.84

87 .6!34.g4

4L.5!7 .3b

50.2!7 .64

37 .5 rB .54

36.2!6.84

32.7!6 .54

34.ox}.za

42.0!TO.2a

35.6113.14

35 .2110.34

29.6!9.L4

27 .L!6.g4

36 . 9tlo. oa

37 .g!7.54

55.8!L7 .24

25.4!6.74

39.B!L5.ga

38 . 3r23.04

46.g!20.64

32.2!L3.Ba

27.6!8.44

25.6!9.24

LB.4!4 .54

22.4!g.Oa

29 .Ltg.9a

32.L!LL.7a

30 .0t13. 4a

26.6!L3.04

30. 7t13.54

*Values for Finn breed represenË Èhree raus, and for Ëhe other breeds,
four rams.

Horizontal means noË sharing a similar letter are sÍgnificantly
(P<.05) different.
Time x breed ÍnteracËion significant (P<.05).
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rams apPeared to e:ùibit moderate elevat.ions in circulating FSH leve]s

during July 1980. IL should be noted that both circulating FSH and LH

levels peaked 2 months before T; and, as T levels began to increase,

LH and FSH levels began to declÍne.

Seasonal patterns were d.etected ín PRL concentration with rninimum

PRL levels occurring between October and March in all breed.s (faUte 6).

By April serun PRL concentrations had increased slightly, but the most

dramatic increases had occurred by June and July for all rams (FÍgure

2d). The suffolk rans had the highesÈ pRL levels between June and

September L979; the Dorset rams had the lowest levels in July and August;

and in June and July 1980, the Blackface rams displayed the hÍghest

serum PRL concentrations (Table 6). However, none of these breed

differences r¡rere significant (P>.05). The only significant breed dif-

ference in PRL concentration occurred in November when the Dorset rams

had slightly higher PRL levels Ëhan every other breed except the Black-

face rams (Table 6).

?rofile Characteristics of LH and Testosterone

All of the LH-profile characÈerisÈics that were examjnsd revealed

mrrked seasonal variations, with dÍfferences being significant (p<.01)

for mean leveIs (table 7), peak frequency (Table 9), peak height (table

10) and delËa values (ratte tt). Seasonal varÍatíons in baseline values

were not significanË (P>.05) (taUte B). ConsÍstenË breed dÍfferences

within each uonth in mean and baseline levels and in peak heÍght and

delta values \^¡ere not observed. However, a sÍgnÍficant (p<.05) breed

x time inÈeraction r,r'as recorded for mean levels.
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Table 6 I,tean (tSE) serum
20 nin. íntervals

PRL concentrations (ng/rnl) for rams bled at
for 8h

Breed*

Date Finn Suffolk Dorset Blackface

June 4/6

July 9/11

Aus.6/B

Sept. L0/Lz

Oct. 9 /LI

Nov. L2/L4

Dec. I0/tZ

Jan. 74/L6

Feb. L1/L3

Mar. I0/L2

Apr. 7 /9

t"Iay 5 / 7

June 9/11

July B/9

LL4.g!5.24

10 7. 3t1B . Ba

6L.5t7 .Oa

29 .r!2.r4

22.6x2.24

22.4!L.34

22.6t2.24

23.3!2.L4

22.r!L.ga

2L.g!L.434

30 .915 .14

43.0!8.44

76.l:x6.Ba

t24 .st22.64

139. 2115 .14

L25.L!6.g4

98. Btt6.4a

58.8x20.44

25.L!.74

24 .O!. 3"'b

25.ztt.74

25.7!1.04

26.5i_t.La

26.8!2.04

68.6!8.74

62.0!L7 .74

95 .rt14.64

LL7.6t42.64

84.4tz}.ga

76.Lt27 .64

37 .4!LO.ga

27 .5!7 .44

2B.5tl.Ba

27 .2!.6c

28. 811 . ga

28 . 3tl. 3a

27.4x.54

32.5!2.g4

56 .0116 . la

54.4!20 .ga

7L.6t22.74

150 .1165 . Oa

83.L!25 .74

101.5r31. 9a

75.7!27 .La

44.4tt6 .34

25.L!L.24

25 .g!L.3b'"

26.6tL.za

2L .7 t4 .34

29 .2!3.84

29.2t3.84

48.6t15 .84

s6.5tt7.sa

116.0r13.54

183.9153. Ba

*Values for Finn breed represent three rams, and for the other breeds,
four rams.

Horizontal means not sharing a similar letter are sÍgnifÍcantly
(P<.05) differenr.
Time (P<.01) significanË.



Table 7 Se¡m LH-profile
(ng/Inl) for rams

characteri.s tics
bled at 20 nin.

50

; mean (1SE) concentrations
intervals for Bh

Breed*
Date Finn Suffolk Dorset Blackface

JuIy 9/LL

oct. 9/lL

Jan. 14/L6

Apr. 7 /9

2.L7!r.O7a

t.64t.394

.521.104

.2r!.o24

2.6gt.534

r.g2!.7 Ba

.4ot.zoa

.59!..254

5 .65r1. Bl-a

1. 31t.164

L.43!.32b

t.4lt.gsb

.g3!.074

L.O5!.254

.26!.074

.511. lga
*Values for Finn breed represent three ïans, and for the other breeds,
four rams.

Horizontal means not sharÍng a sÍnilar leÈter aïe signíficantly
(P<.05) different.
Time x breed interactíon significant (p<.05).

Table 8. sen-rm LH-profile characEeristics; mean (tsE) baseline concen-
tratÍons (t g/r1) for rams bled at 20 nin. ÍntErvals for gh

Breed*
Date Finn Suffolk DorseË Blackface

July 9/11

ocL. 9/IL

Jan. L4/L6

Apr.7/9

.46x.254

. 71t.1Ba

. 17t.03â

.l1t.004

. 36 t .144

r.26!.644

. 23t. oga

. 12t .014

l. 7611 .05b

.60t.0g4

.62!.334

.54!.344

.26!.074

.6gt.164

. l8t.04a

. 33t.0ga

*Values for Finn breed represent three rams, and for the other breed.s,
four rams.

Horizontal means not sharing a sinilar letter are significantly
(P<.05) differenr.
Breed (P<.05) significanr.
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Table 9. Serum LH-profile
(number/Bh) for

characteris tics
rams bled aL 20

; mean (tSE) peak frequencíes
rri-n. intervals for Bh

Breed*
Date Finn Suffolk Dorset Blackface

JuLy 9/LL

Oct. 9 /IL

Jan. l.4/L6

Apr. 7 /9

17+ -l

4.7!.3

2.3!.6

1.0r.0

2.3t.5

4 .5! .3

2.0!.9

1.0r.4

3.51. 9

4.0!.9

2.5!.5

1. 8t. 3

2 .3!.6

3 .01. 4

1.0!.7

1. B!. 3

:kValues for Finn breed
four rams.

No signÍficant (P>.05)
month.

represent three rans, and for the other breeds,

dÍfferences between horÍzontal means for any

Time (P<.05) significant

Table 10. Serum LH-profile
ml) for rams bled

characteristics; mean (tSE) peak heights (ng/
at 20 ruin intervals for th

Breed*
Date Finn Suffolk Dorset Blackface

July 9/11

oct. 9lLI

Jan. L4/L6

Apr. 7 /9

8.45!2. g54'b

3 .35! .g 4a

L .97 ! .454

1.1Bt.2Ba

11 .09 tl . Bgb

3 .47 xL.zTa

.951.394

3.54tl .43a'b

L4.63!2.6Lb

3.76tL.L74

5.22!.65b

6.tztr.Lzb

4.04t . Bza

2.20!.614

L.72t .4Ba

l. 681. 414

*Values for Finn breed represent three rams, and for the other breeds,
four rams.

Horizontal means not sharing a siruilar letter are significanËly
(P<.05) differenr.
Tíme (P<.01) and breed (P<.05) sígnificant.
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There r^Iere no significant breed differences in mean LH levels

(Table 7) during July and october, even though the Blackface rams dís-

played their híghest mean leveIs in October, while the other rau breeds

exhibited their highest mean levels in Ju1y. rn addition, the highest

mean leve1s for a given breed r¡¡ere ïecorded in eíther July or October.

Dorset rans did have significantly (p<.05) greater mean LH levels ín

January and April in comparison wÍth the other breeds of rams, although

these values were substantially lower Ëhan those observed in these rams

in July.

LH baseline levels also showed seasonal trends, but these were not

significant (P>.05, Table 8). The highest baseline levels were dis-

played in July (Dorset) or october (a11 other breeds), and the lowest

levels' were observed in January (Blackface) or April (a11 other breeds).

SígnifÍcant (P<.05) hreed differences hrere noted Ín July when the Dorset

rails had hÍgher baseline values than did the other rans. Dorset rams

also exhíbited uarkedly higher baseline LH levels than did oÈher rams.

in January and April.

There were no breed differences recorded in LH-peak frequencies,

but there were definite seasonal varÍaËions. The hÍghest frequencies

rÀ7ere recorded in October, whil-e the l-owest peak frequencies generally

occurred in April, except for the Blackface rams which had theÍr lowes:t

frequencies in January (Table 9).

Peak height and delta values were sígnificantly different between

breeds (P<.05, Tabl-e 10) and between monÈhs (p..01, Table 11). rn July,

when peak heights and delta varues were the greaËest, values for the

Blackface rams r¡rere sígnificanÈly (P<.05) lower than for the Dorset and
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suffolk rams r¿hich had Ëhe hÍghesÈ peak height and delta values. rn

January, the Dorset rarns had significantly (p<.05) greater peak heÍghts

and delta values than did the oËher rams. In April, the Dorsets still

had higher values for Èhese Ë¡vo characteristics, but they were only

significantly (P<.05) hígher than those of the Finn and Blackface ïams.

I^Iithin 40 to 60 nin. after an LH peak was observed, a peak in serr¡m

T levels usually occurred (Tab.1es 7A-ZLA). unlike the LH-profile

characteristics, there TÀrere no signifícant (P>.05) differences between

breeds in mean and baseline levels, delta values and peak heights and

frequencies.

However, there were definite seasonal differences in all charac-

teristics examínsd (Tables L2-L6). That is, values for aI1 of the T-

profile characÈeristics \,rere gïeater in October (breeding season) than

Ëhey were in Aprfl . (nonbreeding season). rn october, the Finn rar¡s

had u¡,arkedly higher uean levels than all the other rams and genera]-ly

higher T-peak frequencies. Finn rams had slighËly greater peak heights

at this time, relative to suffolk and Blackface rarrs, and along w:ith

the suffolk rams, relatively higher baseline values. rn April, the

Dorset rarns had slightly higher mean and baselÍne levels, peak fre-

quencies and heights, and delta values than dÍd rams of most of the other

breeds.

Mating Performance and Daily Spern Output

significanL seasonal differences in mating performance (p<.05)

were observed only for the number of mounts per uate (Figure 3b), and

noÈ for Èhe toÈa1 nurober of mates per 4h. yet, the only significant
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Table 11. Serum LH-profile
for rams bled ar

characteristics;
20 min intervals

mean (+SE) A value (ne/ml)
for 8h

Breed*
Date Finn Suffolk Dorset Blackface

JuLy 9/lL

Oct.9lII

Jan. L4/L6

Apr. 7 /9

B.O2!2.64^'b

2.65!.774

1. 801.504

1.O7!.284

10 .6 Btl .90b

2.23t.644

.70!.284

3.42!L.4ra'b

L2.68!2.57b

3 .19t1 . t-64

4.60!.4Lb

5.5911.13b

3.68t. Bga

.g6!.Lga

t.49t.56a

1. 35t.384

*Values for Fínn breed represent Èhree ïams, and for the other breeds,
four rams.

HorizonÈal means not sharing a simílar letteï are significantly
(P<.05) differenr.
Tíne (P<.01) and breed (P<.05) signíficanr.

fable 12. Serum testosterone-profile characteristics; mean (tSE) con-
cenÈrations (ng/Ðl) for rams'bled at 20 rnin. intervals for
8h

Breed*
Date Finn Suf,folk DorseË Blackface

oct. 9/LL

Apr. 7 /9

18.00t2.00

1.60r.40

13. 1012.50

2. 30t .50

11.50t4.10

3. 30t . B0

10 . 0012 .00

1.90t.40

*Values for Finn breed represent three rans, and for the other breeds,
four rams.

No signíficant (P>.05) differences betlveen horÍzontal means for
either month.

Tine (P<.0L) significanÈ.
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Table 13. Serum testos terone-prof ile
line concentrations (ng/nl)
intervals for Bh

characterisËics; mean (tSE) base-
for rams bled at 20 ruin.

BreedJc

Date Finn Suffolk Dorset Blackface

Oct. 9/IL

Apr. 7 /9

7.10r. 80

.40!.20

7.L0!2.40

.601.10

5 .00t1 .00

. 901.50

4 .L0!2.50

.30!-20

*Values for Finn breed repïesenË three ïaus, and for the other breeds,
four rams.

No significant (P>.05) dÍfferenees between horÍzontal means for
either month.

Tiroe (P<.01) significant.

Table 14. Serrrm testosterone-profile characteristics;
frequencies (number/8h) for rams bled at 20
for Bh

mean (+SE) peak
min. intervals

Breed*
Date Finn Suffolk DorseÈ Blackface

OcË.9/17

Apr.7/9

3. 7t. 3

I .0t .0

3.51. 7

1. 3t. 3

2.3!.3

1.51.4

2.5!.3

1 .01- 0

*Values for Finn breed represent three rams, and for the other breeds,four rams.

No signÍficanË (P>.05) differences between horizontal means for
eÍther month..

Time (P<.01) signifÍcanr.
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Table 15. Senrm testosterone-profile characteristics; mean (tSn) peak
heights (ng/rnl) for rams bled at 20 min. intervals for 8h

Breed*
Date Finn Suffolk Dorset Blackface

Oct. 9/L7

Apr. 7 /9

28.40!3.20

B. 3011.50

22.20t3.30

6.60!L.40

28.90115 .30

B. 40t1.60

21 .8013.90

6.70!.90

*Values for FÍnn breed represent three rarn,s, and for the other breeds,
four rams.

No significant (P>.05) differences between ]norizont.al means for
either month.

Time (P<.01) significant.

Table 16. serum Èestosterone-profile characteristics.; mean (1sE) 
^values (ng/nJ.) for rams bled at 20 mín. intervals for Bh

Breed*

Date Finn Suffolk Dorset Blackface

ocË. 9/LL

Apr. 7 /9

2r.40!2.40

7. 80t1. 30

15.1011.40

5 .80tl. 30

24.O!L4.50

7.50!1,.20

L7 .70!4.20

6.40!.70

^tValues for Finn breed represent three raius, and for the other breeds,
four rams.

No significant (P>.05) differences beÈween horizonLal means for
either monÈh.

Tirne (P<.Otr) signif icant.
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(P<.0f) breed dífference over all the assessment period.s was reported for

the total number of uates. In each libido assessment trial, the Finn

rams mated more frequently than did the other rams (Figure 3a), how-

ever the only sígnificant (P<.05) differences between the ra q r¡rere noted

in Novernber and February. The Dorset ïans seemed to have the least

variability during the year in regard to the number of mates per 4h. The

number of mounts per mâte (Figure 3b) was higher in November and February

in comparison to Ëhe resulËs obtained in July and June; the greatest

increases were observed in the Dorset and Blackface ra s. The Blackface

rams appeared Èo show the most seasonal variaÈion in the number of mounts

requíred to me¡s a e\¡re. Throughout the yeaï, the Finnish Landrace rarns

tended to b'e the most efficient breeders, followed by the Suffolk rams.

However, breed differences were not significant (p>.05).

During the first two DSo collection períods (Septeuber/October and

January/Fet'ruary) the suffolk rarns had Ëhe greatest estim¡Èed sperm ouË-

put, but these estim¡tes were only significantly (P<.05) different from

the Finn and Blackface rams. For the May/June collection period, there

r¡/ere no significant (P>.05) breed differences bet\nreen ïa s, but the

Finnsheep did have the greatest estimated DSO. There were defÍnite

seasonal differences in DSo (Tirne sígnificant, p<.01) with the grearesr

output for all breeds occurring in the January/February collection

period and the lowesÈ output (except for Ëhe Finnsheep) occurrÍng ín

May. Throughout Èhe year, the Blackface rams \^rere consistenËly lower

in DSo than the oËher breeds of rams (Breeds significanÈ, p<.01). Never-

Ëheless, like the Finn rams, they had relatively lÍttle seasonal varÍ_
abflity Ín DSo- EsËiuated DSo for the FÍnn, Blackface, Dorset and suffolk
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rans ranged from 3.6 to 5.8, .6 to 2.6,
o

10' sperm cel1s /241n, respectively; this

spenn produced the Suffolk rarns had the

esËimated DSO (Figure 4).

60

2.8 xo 7.0 and 2.6 to 11.3 x

indicates that in terns of total

most seasonal variability in



6I

D]SCUSSION

The results of the gonadotropin and steroid assays indicated that

LH' FSH, and T secreÈíon is great.er in the sunìner andfor fall than in

the spring. Because of this, one would assume that GnRH release from

the hypoËhalamus is also greaËer during the sununer and fall breeding

season. rn the present sËudy, PRL levels began to decline in June and

July as Èhe LH and FSH levels began to increase, suggesting that any

anÈigonadoËrophic effect that high PRL levels may have hadwasdiminishing.

In all the rau breeds, mean gonadotropin 1evels peaked L to z

monËhs (June-August) prior to the peaks in mean T levels (septernber-

october) indicating that gonadotropins assist in T production, i.e. LH

stimulates Ëhe Leydig cells to increase T synthesis and secretíon.

PRL is thought to synergize wl-th FSH to enhance the effect of LH on Ëhe

Leydig ce1ls, or it mny act as a "conditioning hormoneff which pïepares

the testes for a subsequent rise in LH (Barrell and Lapwood, L97B; L97g).

In some species, PRL is also believed to acËivate steroÍdogenic pathways

to increase test.icular androgen production, possibly by synergÍzing with

LH (Barrell and Lapwood, L9783 L979).

As rne¿n T levels reached theír maximum height.s, a decline in the

gonadotropin levels became evident. This decline in serum FSH and LH

mny have been due to the i.ncreased negative feedback inhÍbÍtion of

elevated circulating androgens upon the hypothalamic secretion of GnRH

and thus, upon FSH and LH release; these observations and suggested

explanations are similar Ëo those reporËed by LÍncoln and peet (L977).

It is not likely that autoregulation by the gonadotropins therns.elves,

could have assisted in Ëhe decline because supraphysiological levels of the
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gonadotropins \,rere not evident (scha11y and Kastin, L970; sandow et

aL. L979). The initial reduction in serum LH and FSH fron September to

January was probably not due to the antígonadotrophic behavior of PRL,

because circulating PRL leve1s \,rere ñjninal (<30 ng/nl) at this time.

Seasonal variations r¡rere exhihited in the circulating 1evels of

all of the reproductive hormones studied. Serum gonadoÈropin levels

were observed to be higher in Ëhe late sunrmer and fa1l (July-December)

than they v¡ere in the spring (March:-May). These results aïe very similar

to those documenËed by other researchers who found that gonadoËropin

1eve1s were minímal during long photoperiods, and began to rise as the

photoperiod began to decrease (June) (Katongole eË al., L974; pelletier

and ortavant, L975a; sanford et a1., L976; Lincoln and Davidson, 1977;

Lincoln and Peet, 1977; schanbacher and Lunstra, 1977; Lincoln et al.,
L97B; Ortavant, L97B and Barrell and Lapwood, I97B/L979a, b). The

LH-profíle characteristics, except for baseline levels., also displayed

seasonal trends. Mean levels, peak frequencies, peak heights and delta

values T¡rere greater Ín July and October (suruner-fa11) Lhan they

were in January and April (wÍnter-spring). The LH-peak frequency seasonal-

changes differ from those of OrÈavant (1978), but are similar to those

obtaÍned by Lincoln (1976a, b). ortavanË found that peak frequency

íncreased from February through Jr:rre and decreased between Sept.ember

and December. However, in his experímenË, blood samples r¿ere collected

only once an hour f.or 24n. since the half-life of LH is approxÍmatery

20 to 30 nin., it is possible Ehat some of the small peaks ulay have

been missed as a result of infrequent collections.

carr and Land (1975) stated that LH levels are breed dependenË.
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Confírming their results, we did observe sÍgnificant dífferences (p<.05)

beËween breeds for peak height, baseline coricentrations, mean levels and

delta values of the LH profiles, however, peak frequencies v/eïe not

noted to be different between the four breeds. Sinilar to the results re_

ported by Carr and Land G975), b-reed differences in mean seïum

LH concentrations r¡rere sometimes observed in the present study.

LH peaks were followed 40 to 60 mín. later by a peak in T levels,

which corresponds to the data recorded by sanford et, al. (I974c, Lg77),

Carr and Land (1975), Moore et al. (1978) and l^Iilson and Lapwood (_1978).

Mean serr,rm T levels and T-profile characterístics were also hígher

under short daylengths vs.long daylengths Ín rams of all breeds. The

T-profíle data is si-u.ilar to those obtained by Katongole eÈ al. (L974),

Perera et al. (L976) and Sanford et al. (L977) r,rhere values for various

T characËeristics vüere greater in the fall than in the spring.

Similarly, seasonal trends in mean serum T levels correspond to those

documented by Amir and volcani (1965), purvís er al. (1974), schanbacher

and Lunstra (1976), Lincoln and Davidson (L977), Barrell and Lapwood

(1978), Bremner et al. (1973) and lrÏi]-son and tapwood (1978)

The results of this study indÍcaËe further (sanford et al. , L977)

that the negative feedback inhÍbition of the gonadal steroid.s on GnRH

release cha'nges with daylength in response to concurrent variaËions in

steroid (testosterone) secretion. Decreased seeretion of steroíd.s in

the spring may mean less inhibition of GnRH release. subsequently,

inhibition may increase as the days become shorter in Èhe late sugner

and faIl as gonadal steroid secreÈion increases.

Serum PRL levels exhibiÈed seasonal variations that paralleled



64

changes in photoperiod and Èhus, had an inverse pattern of secretion in

relation to LH, FSH and T. PRL concenËïations r¿ere minimal (<30 ng/nr)

during short daylengths (OcËober-March) buË they began to increase ín

the spring (April) as the days began to lengthen and environmental tem-

perature began to increase. In July 1980, PRL levels averaged more than

1l-0 ng/nl for the four breeds, represenËing at leasË a four-fold in-

crease in concentration above the ninimum levels. These seasonal PRL

variations correspond to those obtained by pelletier (1973), Ravault

eË aI. (1976), Ravaulr and orravanr (rg77), Lincoln er al. (rg7l),

Ortavant (1978), ilÍlson and Lapwood (1978) and Barrell and Lapwood (Lg7gb).

The presumed increase in GnRtI and Ëhe knor¡n increase in gonadotropin

secretion, as well as the declining PRL levels in Èhe autumr, had a

beneficial effect on tesËicular function; this r¿as reflected by changes

in scrotal circumference, DSO, libido and increased T release. T s.ecre-

tion is believed to increase due Ëo uore LH stimulation of the Leydig

cel-l-s, i.e. a shift in Èhe pattern of release to s.neller but. more fre-

guent pulses. The androgen then becomes "Èrapped" in the Ëestis by

being bound to ABP aË the site of spermaËogenesis in the seminiferous

tubules and courd be used in the production of ner¿ germ cell-s. rn-

creases in the product.ion of spernatozoa are reflected by enlarged testes

which are evidenË durÍng the breeding season (Johnson et al. , ]-973.

Land and Sales, L977; Lincoln and Davidson, Lg77).

The results of the present sÈudy demonstrated thaË scrotal cÍrcum-

ference began to Íncrease for all breeds ín June, in preparation for

the autumtal mating season. Testicular size remained elevated until-

approxim¡tely November. Sirnilar to Èhe results described by Lincoln



65

and Peet (L977), Ít was speculated Ín this study that high FSH levels in

the rams during the surur¡er sÈimulate testicular growth perhaps by

affecting Sertoli cell functÍon and hence, speruntogenesis. Once the

period of testicular growth was coupleted, a decline in circulating FSH

levels was observed in all- four breeds. Peak T levels coÍncided with

maximnm testicular sîze Ín all the raus, which supports the results

obËained by Lincoln (1978).

AlËhough not signifÍcantly different from the Finnsheep, the Suffolk

and Dorset rans had the largesL testicular sizes'during the breeding

season, possibly an indicatÍon of greater s?ermatogenesis. This ur,ay he

atËrib.uted not only Èo greater b.ody weights but to dÍfferences in hor-

mone secretion and responsiveness as we1l. From June to Decemher the

Suffolk rams had the highest levels of FSH (except for July, significant

P<.05), which nay Índicate that ABP production activity rÀras gïeater in the

Suffolk rams at this time Ëhan in the other rans. In addition, the Do¡sets

and Suffolks tended to have higher LH levels throughout the year, possibly

signifyíng that the Leydig ce11s in these two breeds were being stimu-

laÈed to produce more T which could be used in the maînËenance of sperrua-

togenesis. Nevertheless, Ëhe LeydÍg cells in the Dorset rams may

have been less responsÍve to LH in this regard. The Dorset raus had

relatÍvely hÍgh LH levels throughouË the year in comparison wfth rams

of other breeds; however, T levels, for the DorseÈs r.{ere lower than Ëhose

of the other breeds beËween August and January. One reason for thfs

apparent inconsistency is that hÍgh mean LH levels for Dorsets Þrere not

associated wÍth higher frequencies of LII release. LH peak frequency

is known to be s'trongl-y and positÍve1y related to circulatÍng T levels
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(Sanford et al., L977).

The DSo results from September/October and January/February assess-

ment periods Índicate that the Suffolk and Dorset rams had the híghest

and uost comparable estimâted sperm outputs. However, the Dorset ïams

had consíderably lower seruuì T and significantly (P<.05) lov¡er FSH

levels than did the Suffolk rams throughout the sunuoer and fal1. This

could sÍgnify a difference betn¡een these two breeds in tesÈicular re-

sponsiveness to these hormones. Since the Dorset Tams had lower FSH

concentrations than the Suffolks, one uight e>(pect that in the Dorset,

less T is b.ound by ABP and made available for sperm production since

less ABP m¡y be produced by Sertoli cells. One night also conclude

that the Dorset ram requires less T than the Suffolk ram to maintain

spermâtogenesis. The ob.servations that. rams of both breeds have com-

parable spertn outputs, scrotal circuruferences and body weights, but that

the Dorset has 1or¿er serum concentrations of FSH and T raise some in-

teresting quesÈions for future investigation.

The negative feedback inhÍbition of t,esticular steroids upon

gonadotropin secreËíon mFy be of a shorËer duration in the Dorset ram

than in rams of some of the oËher breeds. Mean LH levels in the Dors.ets

during January were higher relatÍve to the other breeds (L.23!.25 ng/

-1 vs.<.781.18 ng/ul) and tended to remain hÍgh and Íncrease earlier

than LH levels in the Finns and Suffolks. This occurred in Ëhe pres.ence

of T leve1s that were not at all díssinilar between these Ëhree breeds

frou March through July. The Blackface rarns did exhibit a slight

elevaËion in LH levels between January and March, but LH concentration

tended to level off and remained fairly constanÈ betrveen March and July.
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The fact thaË Dorset testes increase in size earlier than those of rams

of Ëhe other breeds ur-ight also lead one to conclude that LH levels ruight

be increasing earlier as well, especially since LH has been positively

correlated with changes in scroËa1 circumference (Carr and Land, Lg75).

The Scottish Blackface rarns consistently had the smallest testes

throughouL the year. In addiËion, their mean concentrations of serum

LH and T were lower than those for most of the other b.reeds of rams

during the b.reeding season. Although s.crotal circumference measurements

are correlated to some exËent with body weight (Braun et. a1., 1980),

one can observe a definiËe breed difference in scrotal circumference

beËween Blackface and Finn rans. BoËh groups of rams had sÍmÍlar body

weights Ëhroughout the course of the study, yet the Finn rans'generally

had significantly (P<.05) larger testes. This difference Ín testicular

size indirectly reflected differences in sperrn production as Índicated

by the DSO estimates vrhere Ëhe Blackface rams generally had both the

lowesË spern output. and the smallesE testes of all the breeds. DSO and

thus, sperm prod.uction rnay have b.een lower in the Blackface rams than

in other ra q as a result. of generally lower circulating levels of some

of the reproductive hormones duríng most of the m¡ting seas.on andfor a

decreased responsiveness of Èesticular targeË ce1ls to these hormones.

Ïhere were no breed differences noËed in scrotal circumference on

october 11, Deceuber 20 and January 10. This m¡y have been possib.le

because in early Oct.ober, all the rams had reached theÍr maximum tesËes

sizes and in late Decernber and early January the scrotal circumferences

\,ùere ltrore variable in sÍze. Finn, DorseË and Blackface rams extrÍbited

a slight transienË increase in circumference during the v¡inter, whÍIe
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the Suffolk rams displayed a bríef period of no testicular regression.

Finnish Landrace rams shor¿ed the least variability in Ëestes síze

throughout the study; they exhibited only a 5.3 cm change throughout

the year, compared to change of 5.7 cm, 7.4 cmr 9.0 cm for the DorseË,

Suffolk and Blackface rams, respectively. This phenomenon may be related

to the higher T levels for the Finn rams between August and February; levels

were significantly (P<.05) higher for the Finns than for most of the other

rams in october, December, January and February. CirculaËing LH levels

in Finns, Èhough not significantly different (P>.05) from Ëhose in other

rans \årere not as hÍgh as in the Dorset and Suffolk rams. It is possible

therefore, Èhat the Finn testes r¡rere more responsive to LH than were the

Èestes of oÈher rans. This is indicated by the fact that in Finns,

relat,ively low levels of LH were associaÈed with couparatively high T

levels during Èhe fall and winter in comparison wíth most of the other

breeds of rams. rn May, Èhe Finn rams had relatívely high DSo (4.3 x
o

10' spern/Z+n¡ in comparison with those of other breeds, alËhough breed

differences Þ/ere not significant (P>.05). The Finn rams possibly may

have had higher outputs of spermatozoa because they had significantly

(P<.05) higher T levels for a longer duration of Ëime preceding the

May assessment period Èhan did the oËher ram breeds. Schanbacher and

Lunstra (1976) observed Lhat Finn ïarns consistently had higher T con-

centrations than Suffolk ramc Èhroughout the year, with a definite breed

difference occurring in January. The data from the presenË study is

in agreemenË with theÍr result.s.

The sex drive of rams has been demonstrated to be androgen dependenÈ

(Anir and volcani, 1965; Knight, L973; schanbacher and Lunstra, 1976;

and Lincoln and Davfdson, 1977). During all of the libido assessmenË
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periods in this study, Ëhe Finn rams consistently had the highest nuriber

of m¡¡ss per 4h. This observation r^ras similar Ëo the libido data

obtained by Schanbacher and Lunstra (1976) who compared Finn and Suffolk

raDS' and to Ëhe data of Land (L970) who compared Fínn and Blackface

ra q. rn the present study, the mating frequency of Finn rams r47as

particularly high in Novenber and February, compared to that of other

breeds (significant, P<.05). The fact that Finn rarns dÍd have sígni-

ficantly greater (p..OS) T levels than rams of the orher breeds during

Ëhe months of october, December, January and February (i.e. during a long

period of the ovine-breeding season) suggests that T nay be initiating

a greater response at the hypoÈhalamic centeï responsible for libido in

the Finn rams than in the other ïanìs. Alternatively, T may sÍmply be

m:intaining a different pattern of sexual behavior in Finn rams that

was laid down genetically during fetal development..

AlËhough there r¡rere no significanË breed differences recorded in

the number of mor¡nts per mate durÍng Ëhe 4h test perÍod (indicative of

uating efficiency) the Finn rans required fer¿er mounÈs to have a suc-

cessful ejaculation. DefiniËe seasonal trends in mounËs peï maËe r¡Iere

observed in all of the rans. rn November and especially Ín February,

mating efficiency appeared to decline for the Dorset and Blackface ra¡us.

Seasonal trends fo¡ these two breeds \^7eïe sÍuilar to those obtained by

Pepelko and Clegg (1965) r.¡here they noted that the number of rnounts

increased during the nonbreeding season; a result that they attïibuted

to a shorter sexual atÈention span. In this study and especially during

the nonbreeding season, Blackface and Dorset.ïans appeared t.o lose

interesE in the ev¡es faster than the Finn and Suffolk rams,. It musË be
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noted here that sone rans, regardless of breed and circulating T levels

were more sexually acti-ve than other rans (Tab1e 23A). Therefore, when

rartrs are being chosen for flock sires they should be considered not just

on breed attríbuËes but on índividual attributes as we1l.

Changes in photoperiod are believed to indírectly affect libido of

ralns. As daylength shortens, circulating gonadotropin levels increase

and T synthesis by the test.es is stimulated. Elevated T levels are,

in turn, suggested to stimulate the libido of rams (DtOcchio and Brooks,

L976; LÍncoln and DavÍdson, L977; sanford er al. , Lg77). rn thís experi-

noent no significant (P>.05) seasonal differences \¡rere detected in the

number of mates recorded per 4h.

During the sunrmer (July) of !979 the number of mounts peï mate and

mâtes per 4h were relatively low. In November of that year, the rniddle

of the fall-breedíng season, both mating frequency and mounts per mate

increased to sone extent for most of the ïarns. However, nating frequency

di-d not decrease appreciably duríng the nonbreeding season (June) of

1980, but ma¡ing efficiency did change by approximately 50%. As in

July 1979, Ëhe rams became more efficient breeders (fewer mounts required

per maËe) in June of 1980. Schanbacher and Lunstra (L976) recorded. a

50% decrease Ín mating frequency of Suffolk and Finn rams by the late

spring and sumner compared Èo the frequencíes observed in the fall. Their

results rüere not duplicaÈed ín this study in any of the breeds of sheep.

The reason(s) for the absence of a decline ín natíng frequency durÍng

the 1980 nonbreeding season is not clear; perhaps it could be accounted

for on Ëhe basis of further sexual maturation of rams..

It was noted in this study thaÈ some of the rams influenced the
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mating activity of other rans in adjacent pens. For example, some rans

sÈarted fights r¡.ith other raÐs, charged fences and disrupted the natíng

Process of neighboring rams. This was particularly noticeable for one

Suffolk rarn (i/5) who was especíally adamant towards Ëhe other rams mating

errres. fn fact, following the changing of ewes between pens after 2 hours

of m¡¿i¡g duríng the November assessmenË period, this parÈicular ram

junrped a 1m. fence to return to the ewes he was with originally.

Lindsay eÈ al. (L976) observed that douinant rarns can inhibÍt the uåting

behavior of subordinate rãms, without having physical conËact. Thís r¿as

found to be true in some instances in the present sËudy, and points out

a lirn:itatíon of the pen testing situation for libÍdo assessment. A

problem associated r^¡ith libido testíng was the fact that the rams could

observe each others meÈing activities. To correct for this, one would

have to employ higher fences than were used to block out al1 sight of

the other animels. During the trial períod prior to the first actual

assessnent period, partitÍons rrrere us.ed to divide the pens. rt :soon

became obvious that this üIas not a good idea because Ëhe rams fought

constantry. Burrap sacks were then placed over the païtitions to pre-

vent Ëhe anirnals from seeing each other through the wire. This reduced

the nuurber of fighÈs considerably, but the animals stÍll had glimpses

of each other over Ëhe top of the fence.

During shorË days, when the circulating concentraËÍons of LH and

T increased, iÈ r¿as observed that the testes increased ln sÍze as well;

these seasonal trends correspond t.o Ëhe daËa obtained by Sanford et al.

(r974a), carr and Land (7975), rslam and Land (1977), Land and sales

(1977) and Lincoln and Davidson (L977). As menrioned prevÍousry in
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the Literature Review, seasonal changes ín testicular size are believed

to be an indication of seasonal trends in sperm production; sperm pro-

duction in turn can be assessed índírectly by counting sperm voided in

the urine of rams (Lino , 1972). During the two breeding season assess-

ment periods (septenber-February) Ëhe DSo increased f.rom 7.511.4 to

11.311.6, 5.4!L.6 to 7.0!2.2, 3.611.1 ro 5.81I .2, and I.2t.4 to 2.6!.9
o

x LO' sperm cells for the Suffolk, Dorset, Finn and Blackface rams,

respectÍvely. During the spring nonbreeding season, represented by

Lhe May assessment period, DSo values (x to9) had dropped to 2.6!.6 for

the suffolksr 2.Btl.0 for the Dorsets,4.3t1.5 for the Finns and .61.3

for the Blackface raus. It would be expected thaÈ DSO would be higher

at the end of the breeding seasron (January-February) than earlier on in

the season (septenber). rn septenber, prior to the peak of the mating

season, the testes would not have reached their maximum spermatogenic

potential (i.e, gonadal and extra-gonadal reserves would not be maximel).

In January and February hor¡ever, this potential v¡ould have been aËtained.

These result,s closely correspond with Ëhose reported by Johnson et al.

(1973) and Colas and Courot (1978). BoËh groups of researchers

acknowledged that as the days grew longer and the environmental tem-

perature increased, spermatogenic activiËy declined gradually: this

trend is siruilar Èo ËhaË for DSO observed in the present study.
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STI}ßIARY AND CONCLUSTONS

FÍfteen yearling rams, three Finnish Landrace and four Suffolk,

Dorset and Scottish Blackface, v¡ere studied over a l4-month period (June

I979-JuLy 1980) to furÈher Ínvestigate differences in reproductive traits

that mây or uay not be influenced by the breed of the anímal. The rams

r^¡ere bled monthly at 20-min. intervals for Bh and serum pools ïepresent-

ing the B-hour collecÈion periods \¡rere assayed to assess mean LH, FSH,

T and PRL concentrations. Individual serum samples collected in July,

October, January and April v/ere as.sayed to deterrnine LH-profile charac-

teristics; sera collecËed in October and April \¡rere ass.ayed f or T-profile

characteristics. Scrotal si¡s rmfeïence r¡ras measured every 2 weeks

Èhroughout the study. rn Ju1y, November, February and June, the rams

rrrere exPosed to esËrual ewes for a 4{n period and libido rras assessed..

Since iË has been reported that 90 to 957" of. unejaculated spenn in raus

is voided in the urine (l-ino, L972; Lino and Braden, 19 12), uríne r¡ras

collected from the raüIs over 6 consecuÈive days. in Septenber/October,

January/February and May/June to obtain an estímate of daily sperm out-

put (DSO) from each ram.

As the rams entered the breeding season, s'crotal cÍrcumference and

DSO íncreased. Each breed displayed sirnÍlar, yet dÍfferent seasonal-

directional changes in scrotal circumference (breed x month, p<.01).

Dorset rams atÈained maximÌE scrotal circumference in July, 1 to 3 months

earlier.than the other breeds. They also maíntained this maxÍmum size

for a longer period of tÍme than did rans of the other breed.s., possibly

due Èo Èhe relatively hÍgh LH levels extribited by the Dorsets at this

tÍne; baseline LH levels were higher for Dorset rams in July (p<.05),

January and April than for the other breeds. Both Suffolk and Dorset
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rams tended to have larger testes throughout the year Èhan the other

breeds although testicular size for these two breeds was not always sig-

nificantly (P<.05) different from that of the Finn rams. Suffolks and

Dorsets also had the largest DSo Ëhroughout the breeding season, but

only the Suffolk rans v¡ere sÍgnÍficantly (P<.05) different from ttre Finn

and Blackface rams. Although there r¡rere no significant breed dÍfferences

(P>.05) in mean LH and PRL concentrations, both the Suffolk and Dorset

rams had hígh LH levels throughout the year. These high LH levels may

have indirectly Ínfluenced Èhe testicular growth and DSO of these rams.

FSH and T levels, which also mây have influenced DSO and scrotal circum-

ference' r4rere different betr¡een these two breeds of rams. The Suffolk

T 1eve1s vrere on average approxi4a tely 2 to 5 ng/n1 higher than those of

the Dorset ra c between septernber and Decenber (significant, p<.05, only

ín october); whÍle suffolk FSH levels $rere signíficanrly (p<.05) hígher

than those of the other breeds between August and December (breed x month,

P<.01). This suggests that the testes of the suffolks may be more re-

sponsive to LH in Èhe production of T by the Leydig cells Ëhan those of

the Dorsets, and (or) the testes of the Dorsets may be more responsive

to T and FSH than the testes of the Suffolks. One might also conclude

thaÈ Ín Dorset rans, less T nay be bound to ABP and made available for

spel]ln production since less ABP nay be produced by the Sertoli cells in

response Èo FSH.

Througþout mosÈ of the year, FÍnn rams had consisÈently htgher cir-

culating T 1eve1s than dÍd the other rams (significant, P<.05, Ín October,

Deceuber, January and February). rt Ís possÍble that Ëhe Finn Ëestes

mny be more sensitive to cÍrculating LH than those of the other breeds.
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Relatively low LH levels in the Finns; were capahle of initiating rela-

tively large seasonal elevations in mean T levels (up to 16.39t3.62 ¡¡g/

Ð1) cornpared to the other breeds of rams. These elevated T levels were

associated with a superior meting activity by the Finn rams, as well as

in relatively high scrotal circumference and estiuated DSO for the May/

Jr¡ne collection period. Mating frequency was significantly (p<.05)

higher for the Finn rams Ëhan for the other ram breeds; Ëhe Finns were

also more efficient in me¡ing Ëhan the other ïans. Fínn scroËal circum-

ferences were similar to those of Èhe Suffolk and Dorset rams, but they

rnrere appreciably larger than those of the Blackface ra c even though the

Finn and Blackface ra c $¡ere of sirnílar body weights.

All of the breeds exhibited siuilar seasonal trends in their re-

productive hormone levels. Mean serum LH, FSH and T levels, as well as

uost LH-profile characteristics, (excluding baseline levels) and T-profile

characteristics were slgnificanËly (P<.01) higher in the late summer and

fall than they were in the spring. No consisËenË breed differences from

one month to the nexË !üere noted for hormone profile characÈeristics;

but, a significant (?<.05) breed x t.ime interactÍon was observed for

uean LH-profile levels. Serum LH and FSH levels began to decline in

Augr:st and Septeuber as mean serum T became elevaLed, suggestlng that

increased negat.ive feedback inhibÍtion by gonadal steroids was occurring.

Serum T concentrations for the Suffolk, Dorset, and Blackface rams began

to de.cline in October. However, Blackface rams e><híbÍted a slight rise

in T concentration Ín Noverqber r¿hích was followed by a sharp and steady

decline in concentration in December. rn contrast, the FÍnn rams,

maintained elevated T 1eve1s untîl December rqhen T began to fall dra-

matically. All four ram breeds dÍsplayed T levels of <3 ng/rnl from
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March until June. In contrast, mean serum PRL levels were higher during

the spring and early sulmoer than they were during the fa11 and vrinter.

Serum PRL levels began to decline in June and July, just as the seïum

gonadoËropins were attaining peak heights. rt is thought that pRL nay

have a role in conditioning the testes for the autuunal increase in LH

and it may possíbly synergize with LH to benefit testicular androgen

production (Hafiez et al. , L972; Johnson et al. , L973; Thomas et al.,

L976) .

Seasonal-directional changes in the reproductive parameters in-

vestigated were sinilar for rams of all breeds; however, for nÉny para-

meters, Èhe extent and/or duration of the seasonal change varÍed between

breeds. Each breed of rau, excluding the scottÍsh Blackface, appeared

Ëo excel in at least one reproductive characterÍstic aÈ a certain time

of the year. Therefore, based on this study, one may conclude that there

is not a breed of ram which is coqrpletely reproductively sirperÍor in a

certain trait at. one time of year, it nay not retain this sËatus aË

another time of year.



77

BIBLIOGRAPHY

Ambrosi, B., P. Travaglini, P. Beck-Peccoz, R. Bara, R. Elli, A. Paracchí
and G. Faglia. (L976) Effect of sulpiride-fnduced hyper-
prolacËinernia on serum testosterone response to HCG ín normal
men. J. Clinical Endocrinology and Metabolisru, 43(3):700-703.

Amir, D. and R. Volcani. (1965) Seasonal fluctuations in the sexual
activity of Awassi, GermanMutton Merino, Corriedale, Border-
Leicester, and Dorset Horn rams. J. Agric. Sci., 64:LL5-L20.

Barrell, G.K. and K.R. Lapwood. (1978) Effects of pinealectomy of rams
on secretory profiles of luteínizing hormone, testosterone,
prolacÈin and cortisol. Neuroendocrinology, 2722L6-227.

Barrell, G.K. and K.R. Lapwood. (L978/L979a) Seasonal-íry of semen pro-
duction and plasma luteinizing hormone, testosterone and pro-
lactin levels in Romney, Merino and polled DorseË rans. Anim.
Reprod. Sci., Lz2L3-228.

Barrell, G.K. and K.R. Lapwood. (L978/L979b) Effecrs of ruodifying
olfactory and pineal gland function on the seasonality of semen
production and plasma luteínizing ho:none, testosterone and
prolactin levels in rams. Anim. Reprod. Sci., I:229-243.

Barrell, G.K. and K.R. Lapwood. (L979a) Effects of various lighting
regimens and pinealectomy on seüen production in Romney rams.
J. Reprod. Fert ., 57:273-279.

Barrell, G.K. and K.R. Lapwood. (L979b) Effects of pinealecromy on the
secretion of luteinízíng hormone, testosterone and prolactín
ín rams exposed to varÍous lighting regimes. J. Endocr.,
80 : 39 7-405 .

Bartke, A. (L974) Effects of inhibitors on pituitary prolacËin release
on tesÈicular cholesterol stores, seminal vesicle weight,
fertility and lactation in uÍce. Biol. Reprod., 11:319-325.

Bartke, A. and S. Da1terio. (1976) Effects of prolactin sensítivity
of testis to luteini-zing hormone. Biol. Reprod., 15:90-93.

Bartke,4., M.S" Snith, S.D. Michael, F.G. Peron and S. Dalterio. Q977)
Effects of experimentally-Índuced chronic hyperprolactinemia on
Èestosterone and gonadotropín level-s in ruale rats and mice.
Endocr. , 100(1) :182-186.

Blanc, M.R., C. Cahoreau, M. Courot, J.L. Dacheux, M.T. Hochereau-de-
Reviers and c. Pisselet. (r978) Plasma follicle stimulat-
ing hormone and luteÍnizing hormone suppression in the
cryptorchid ram by a non-steroid factor (Inhibin) from rete
testis fluid. Int. J. Androl., Suppl., 2:L39.



7B

Braun, I^l .F., J.M. Thoupson and c.v. Ross. (1980) Nonoal scrotal size
of rams. Sheepbreeder and Sheepman, 5 (C):244-245.

Bremner, W.J., I.A. Çsrrmings, R. Hooley, A. Makin, C.G. I,Iinfield,
D. Galloway and D.M. deKrerser. (L978) A large increase in
plasma prolactin (PRL) levels precedes the onset of the
breeding season in domestic rams. proceedings of the 60th
Ann'al Meeting of the Endocrine SocÍety, Miami, Florida,
p. 233.

Carr, W.R. and R.B. Land. (1975) Plasua luteinizing hormone levels and
testis diameters of ram lanbs of different breeds. J. Reprod.
Ferr., 42:325-333.

carËer, 4.P., P.D.P. wood and penelope A. wright. (1980) Associarion
between scrotal circtmference, live weight and sperm output
in cattle. J. Reprod. FerË., 59:447-45L.

chappel, s-c., w.E. Ellinwood, c. Huckins, D.c. Herbert and H.G. spies.
(1980) Active irrmunizaÈion of male rhesus monkeys against
luteinizÍng hormone releasing hormone. Biol. Reprod. , 22:
333-342.

cheng, K.I^I., s. simaraks and I^I.M. Palmer. (1981) characterization of
a radioirrnunoassay for ovine-FSH utilizíng an antîbovine FSH
serum. J. Reprod. Fert. (in press).

Co1as, G. and G. BrÍce. (L976) Seasonal variations of the fertilizing
capacity of the deep-frozen ram senen. In: proc. VIIIth
Intr1. Congress on Animal Reprod.uctíon aãã Artificial
Insemr'n¿¿ion, Krakow., July L976, Vol . 4, pathology of Repro-
duction and A.I. (selected papers): 888-89L, 1976.

colas, G. and M. courot. (1978) productîon of spermâtoZoâr sËorage of
semen, and A.r. in the sheep. rn: Management of Reproduction
in sheep and Goats syuposÍum. univ. of Lrisconsin, Madison,
WI, pp. 31-40.

Cupps, P.T., B. McGowan, D.F. Rohlm:rur, A.R. Reddon and tr^l .C. Weir.
(1960) seasonal changes in the se*en of rams. J. Anim. sci.,
A9:2OB-2L3.

DarbeÍda, Ilalima and R. Brudieux. (1980) Seasonal variations in plasma
testosterone and dihydrotestosterone levels and in metabolic
clearance rate of ËestosÈerone in ramsin Algeria. J. Reprod.
FerË., 592229-235.



79

De11rnan, Horst-Díeter, J. Alan Johnson and David M. Klachko. (L977) rn:
Coruparative Endocrinology of Prolactin (plenum press, 

-New York, p. 143).

D'occhio, M.J. and D.E. Brooks. (L976) The influence of androgens and
oestrogens on m¡ting behavÍour ín urale sheep. Theriogenology,
6(6) :6L4.

Dorrington, J.H., I.B. Frítz and D.T. Armstrong. (1978) Control of
Èesticular estrogen synthesÍs. Bio1. Reprod., 18:55-64.

Driver, P.M., A. El ShahaË, T.G. Boaz, J.M. Forbes and C.G. Scanes.
(L974) Increase in serum prolactin in sheep associaËed with
long daylength and feeding ad libiÈr:m. J. Endocr., 63:h6.

Faglia, G., P. Travagliní, B. Ambrosi, P. Beck-Peccoz, A. Paracchi,
G. Weber, R. Bara, R. E1lí and A. Spada. (L977) Some aspecrs
of prolactin influence of gonadal function in hurnans. Progress
in Reproduetíve Biology , 2:256-260.

Franchimont, P., A. Demoulin, J. Verstraelen-Proyard, M.T. Hazee-
HagelsteÍ-D, J.S. I^Ial_ton and G.M.H. I^Iaites. (1978) Nature and
mechanÍsms of action of inhibin: perspective in regulation of
m¡1e ferLÍlity. InÈ. J. Andrology Suppl. 2:69-79.

Fraser, H.M. and G.A. Lincoln. (1980) Effects of chronic treaÈment with
an LII-RH agonÍst on the secretion of LII, FSH and testosterone
Ín the ram. Biol. Reprod., 222269-276.

Gomes, w.R. and M.c. Joyce. (1975) seasonal changes in serum testos-
terone Ín adult rans. J. Anirn. Sci., 4I:L373-L375.

Greenwood, F.Ç:, I,{.M. Hunter and J.S. Glover. (1963) The preparation
e¡ r5r1-1abe11ed hrman growth hormone of high specific radio-
activity. Biochem. J., 89:114-123.

Guyton, A.C. (1971) Reproductive functions of Ëhe male, and Ëhe male
sex hormones. In: TexËbook of Medical Physiology, 4th Ed.
I^I.8. Saunders, Co., Toront.o. pp. 945-957.

Haf.íez, 4.4., C.W. Lloyd and A. Bartke. (1972) The role of prolacrin
Ín the regulation of testes function: the effects of prolactln
and luteÍnizing hormone on plasma levels of testosterone and
androstenedione in hypophysectomized rats. J. Endocr., 52:
327-332.

Hanrahan, J.P. (L977) Testis size and fecundity of Finn and Galway
sheep. Animal Productîon Research Report (An Foras Taluntais:
Dublin, p. 148-150).

Horrobin, D.E. (L976) In: "Annual Research RevÍews - Prolactinrr,
(Eden Press, l"Iontreal) p. 143.



BO

Howland, B.E. (L972) Effect of restrÍcted feed intake on LH levels in
feurale rats. J. Anirq. Sci., 34:445-447.

rs1am, A.B.M.In. and R.B. Land. (L977) seasonal variaËion in testis
diameter and sperur output of rams of breeds of different pro-
lificacy. Anirn. Prod. , 25231f-317.

Jackson, G. and H.L.L. I^Iilliarns. (L973) The effect of imposed light
rhythms on senen production of Suffolk rarns. J. Agric. Sci.,
81:179-188.

Jennrich, R. and P. Sarrpson. (L977> Analysis of variance and covariance
including repeated measures. BI4DP BiomedÍcal Computer Programs
P-series. Health Sciences Computíng Facility, Dept. of Bío-
mnthematics: School of Medicine, Unív. of CalÍf., L.A.,
UníversiÈy of Calif . Press, Berkeley, L.4., London (I^j.J. Dixon,
M.B. Brown Eds.).

Johnson, 8.H., c. Desjardins and L.L. Ewing. (L973) seasonal effects
on testis function in rams. J. Anim. Sei., 37:.247 (abstr.).

Kano, Takashi and Yukitaka Miyachi. (L976) Direct action of melatonin
on testosterone and cyclic GMP production us.ing rat testis
tÍssue in vitro. Biochem. Biophys. Res. comr¡. , l2(3)2969-974.

Katongole, C.8., F. Naftolin and R.V. Short. (1974) Seasonal variations
in hlood luteÍnizÍng honnone and testosterone levels in rams.
J. Endocr. , 60:101-106.

Knight, T.I^I. (1973) The effect of the androgen status. of rams on
sexual activity and fructose concentration in the semen. Aust.
J. Agric. Res., 24:578-578.

Kotaras, P., J.E.A. Mcrntosh and R.F. seamerk. (L977) Gonadotrophin
releasing hormone activity of the sheep pineal gland.
Theríogenology, B(4) :169.

Land, R.B. (1970) The mating behavíour and semen characteristics of
Finnish Landrace and Scottish Blackface rams. Anim. prod.,
12:551-560.

Land, R.B. and D.r. sales. (1977) MatÍng behaviour and testis. growth
of Finnish Landrace, Tas anîan Merino and Cros.sbred rams.
Anim. Prod. , 24:83-90.

Lincoln, G.A. (1976a) Seasonal variation fn the episodic secretion of
luÈeÍnÍzÍng hormone and testosterone in the ram. J. Endocr.,
69:2L3-226 .

Lincoln, G.A. (1976b) SecretÍon of LH in rams exposed to t\ro dÍfferent
photoperiods'. J. Reprod, Fert., 47:35L-353.



B1

Lincoln, G.A. (1978) Induction of testicular growth and sexual activity
in rams by a "skeleËon" short-day photoperiod. J. Reprod.
Ferr., 522L79-LBL.

Lincoln, G.A. (1979) Differential control of luteÍnízing hormone and
follicle-stimulating hormone by luteinízing hormone releasing
hormone in Èhe ram. J. Endocr., B0:133-140.

Lincoln, G.A. and [,]. Davidson. (L977) The relatÍonshÍp between sexual
and aggressÍve behavíor and pituÍtary and testícular activity
during the seasonal sexual cycle of rams, and the influence of
photoperÍod. J. Reprod. Ferr., 49:267-276.

Lincoln, G.4., A.s. McNeilly and c.L. cameron. (1978) The effecËs of a
sudden decrease or increase in daylength on prolactin secretion
in the ram. J. Reprod. Fert., 52:305-311.

Lincoln, G.A. and M.J. Peet. (L977) photoperiodic control of gonado-
trophin secretion in the ram: a detailed study of the
t.euporal changes in plasma 1evels of follicle-st.imulating
hormone, luteinizing hormone and testosteïone following an
abrupt swÍtch from long to short days. J. Reprod. Fert. 4]z397_402.

Lindsay, D.R., D.G. Dunsmore, J.D. l^Iíllians and G.J. syne. (L976)
Audience effects on the mating behaviour of rarns. AnÍm. Behav.,
24(4> : B1B-821.

Lino, B.F. (L972) The output of spermatozoa in rams II. Relationshíp
to scrotal circumference, testis weight and the number of
spenEtozoa Ín different parts of the urogenital tïact. AusË.
J. Biol. ScÍ., 252359-366.

Lino, B.F. and A.tr'I.H. Braden. (L972) The output of spermatozoa ín rams
I. Relationship wíth testicular output of spermaËozoa and the
effecÈ of ejaculations. Aust. J. Biol. Sci., 25:351-358.

MacEwan, J.l.{.G. (1941) "The breeds of farm livesËock in canada"
)O. Bindery, Saskaroonr pp. 49L-498; 5L2-5L6; 555-559.

Macleod, RoberË M. (L977) rnfluence of dopamine, serotonin and their
antagonisÈs on prolactin secretion. prog. Reprod. Biol.,
2254-68

Magrini, G., J.R. Ebiner, P. Burckhardt and J.p. Felber. (L976) study
on the relationshíp between plasrna prolactin levels and
androgen uetabolism in man. J. clin. Endo. Metab., 432944-
947.

Means' A.R-, J.R. Dedman, J.s. Tash, D.J. Tindall , M. van sickle and
M-J- trIelsh. (1980) Regularion of resris sertoli cells by
follicle stimulating hormones. Ann. Rev. physiol., 42259-70.



B2

Moodbídri, s.B., L.R. Joshi and A.R. sherh. (r9BO) on rhe mechanism ofaction of low molecular weight inhibin from rat testes. Ind.J. Exprtl. Biol., 18:100-102.

Moore, R.W-, D. I^Ihyrnan and P.R. Llilson. (1978) Effects of sexual stimu-
lation on plasma levels of LH in rams from high- and low_
prolificacy flocks. J. Reprod. Fert., 53267_70.

Nicholson, Gayle, George H. Greeley, Jr., Jane Hr.rnn, I^i.I^I . youngblood and
John s. Kizer. (r980) prolacrin in cerebrospinal fluid:
a probable site of prolactin autoregulation. Brain Research,
9O:447-457.

Niswender, G.D., L.E. Reichert, Jr., A.R. Midgely, Jr., and A.V.
Nalbandov. (1969) Radioj_nrmunoassay for bovine and ovine LH.
Endocr., 84:LI66-LL73.

Niswender, G.D., T.M. Nett and A.M. Akbar. (1974) The hormones of
reproduction. In: Reproduction Ín Farm Animals, 3rd EdÍtion.
Lea and Febiger, phíladerphia (E.s.E. HaÍ.e2, Ed.) pp. 57-67.

ortavanË, R. (1978) PhoÈoperiodíc regulation of reproduction in the
sheep. rn: Management of Reproduction ín sheep, Goats syrn-
pos'iuu. university of tr{isconsin, Madison, wisconsin.
pp. 58-71.

orts, R.J. and B. Benson. (L973) rnhibitory effects on serum and
piËuítary LH by a melatonin-free extract of bovine pineal
glands. Life Sciences , 12:513-519.

Pelletier, J. (1973) Evidence for photoperlodÍc control of prolacËÍn
release in rams. J. Reprod. Fert., 352L43_L47.

Pelletier, J. and R. ortavant. (1975a) photoperiodic control of LH
release in the ram. I. Influence of Íncreasing and decreasing
light photoperiods. Acta Endocrinologia, 78t435-44L.

Pelletier, J. and R. ortavant. (1975b) photoperiodic control of LH
release in the ram. rr. Light-androgens inËeraction. Acta
Endocrinologia, 7 8=442-450 .

Pepelko, w.E. and M.T. clegg. (1965) rnfluence of season
upon patterns of s.exual behavior Ín mnlg sheep.
24:633-637.

of the year
J. Anim. Scí

Perera,8.M., A. oswin and colin D. Munro. (L976) Androgen levels in
int.act and vasectomÍzed rams during the breeding and non-
breedÍng seasons. FertÍlÍty and sterÍliÈy, 27zr446-L45r.

Purvis, K., A.I{. rllius and N.B. Haynes. (L974) plasma tes,tosterone
concentrations Ín the ram. J. Endocr., 6L:24I_253.



B3

Ravault, J.P. (1976) Prolactín in the ram: seasonal vaïiations in the
concentration of blood plasma from birth until three years
old. Acta Endocr., 83:720-725.

Ravault, J.P., A. Daveau, D. Garnier, J. Pelletier, M.M. de Reviers,
M. Terqui and R. Ortavant. (L976) Tnfluence of some light
pulses on the daily variations of prolactin secretion in the
ram. Proceedings of the Bth International Congress on Anímal
Reproduction and Artificial Insemination, Cracow, Poland. p. 81-84.

Ravault, J.P., M. Courot, D. Garnier, J. Pelletier and M. Terqui. (L977)
Effect of 2-Bromo-alpha-ergocrypËine (C8154) on plasme pro-
lactin, LH and testosterone levels, accessory reproductive
glands and spermatogenesis in lamb.s during puberty. Biol.
Reprod., 17zL92-197.

Ravault, J.P. and R. Ortavant. (L977) LÍght control of prolactin
secretion in sheep. EvÍdence for a photoinducible phase during
a diurnal rhythm. Ann. Bio1. Anim. Bioch. Bíophys., L72459-
47 3.

Rodbard, D. (1971) Statistical aspecËs of radioirrmunoassays. In:
"Principles of competÍtive protein binding assâyst'. Ed.
i,I.D. Odell and I,I.H. Daughaday, J.B. Lippincott Co., Philadelphia
and Toronto, pp . 222-230.

Rollag, M.D., P.L. OrCallaghan and G.D. NÍswender. (1978) Serum
melatonin concentrations during different stages of the annual
reproductive cycle ín ewes. Biol. Reprod., LBz279.-285.

Rubin, R.T., P.R. Giovin, A. Lubin, R.E. Poland and K.M. Pirke. (L975)
Nocturnal increase in plasma testos-terone in men in relatÍon to
gonadotropins and prolactin. J. ClÍn. Endo. Metab., 402
to27-r033.

Sandow, J., I^I .V. Rechenberg, H. Kuhl , R. Bar¡uann, B. Krauss, G. Jerzabek
and S. Kille. (1979) Irrhíbitory control of the pÍtuitary LH
secretion by LH-RH in male rats. Hormone Research, 11:303-317.

Sanford, L.M. (L974) The secretoïy paËterns of LH and testosteïone in
the ram as influenced by sexual actÍvity, season, age and
breed. Ph.D. Thesis, Univ. of Manitoba.

Sanford, L.M., W.M. Palmer and B.E. Ho¡¿1and. (L974a) Seasonal vari-
ation of senrm LH and testosËerone in Èhe ram. Can. J. Anim,
ScÍ., 542247-249.

Sanford, L.M.,I,tr.M. Palmer and B.E. Howland. (I974b) Influence of
sexual acÈivity on serum 1evels of LH and testosterone in the
ram. Can. J. Anim. Scí,, 54:579-585.



ö4

sanford, L.M., J.s.D. I^linter, w.M. Palmer and B.E. Howland. (L974c)
The profile of LH and Èestosterone secretion in the ram.
Endocr., 95:627-63L.

sanford, L.M., c. Faimanr B.E. Howtand and I^J.M. palmer. (1"976) The
profile of follicle stimulating hormone secretion in the ram.
Can. J. Anim. Sci.,56:497-504.

sanford, L.M., w.M. Palmer and B.E. Hou¡land. (L977) changes in the
profiles of serum LH, FSH and testosËerone, and in mating per-
formance and ejaculate volume in the ram during the ovine
breeding season. J. Anim. Sci., 45zI3B2-1,39I.

sanford, L.M., D.B. BeaÈon, B.E. Howland and I^I.M. palmer. (1978) photo-
period-induced changes Ín luteinizíng hormone, follicle
stimulating hormone, prolactin and testosterone secretion in
the ram. Can. J. Anim. Sci. 5B:L23-I28.

sanford, L.M. and K.A. Dickson. (1980) seasonality in reproductive
processes in rams with suppressed prolactin secretion.
FertÍlity and Srerílity, 34:193-194 (Absrr.).

sanford, L.M. and L. Duffy. (1980) rnfluence of índuced hyperprolac-
tinemia on testicular function and libido of rams. proc.
10th ann. Meeting of Canadian Investigators in ReproductÍon.
Vo1. 10, Jasper, Alberta, Canada.

schally, A.v. and A.J. KasËin. (1970) The role of sex sreroids, hypo-
thalanic LHRH and FSHRH in the regulation of gonadotropin
secreËion from the anterior pituitary gland. Adv. sÈeroid
Biochem. Pharmacol., 2:4L-69.

Schanbacher, B.D. Í979) Increased lamb productíon wíth rpms exposed
to shorË daylengths during the nonbreeding season. J. Anin.
Sci., 49:927-932.

schanbacher, B.D. and J.J. Ford. (o976) seasonal profiles of plasma
luteinizing hormone, testosÈerone and estradiol in the ram.
Endocr., 992752-755.

schanbacher, B.D. and D.D. Lunstra. (1976) seasonal changes ín sexual
activity and serum levels of LH and testosterone in Finnish
Landrace and Suffolk rams. J. Aniu. Sci., 432644-650.

Schanbacher, B.D. and D.D. LunsËra. (L977) Acute and chronic effects
of gonadoÈrophin releasing hormone on reproducËive charac-
terist,ics of rams durÍng the nonbreeding season. J. Anin.
Scî., 44:650-655.

segal, shmuel, M.D. I^Iolfez Polishuk and Menoshe Ben-David. (L976) Hyper-
prolactinemic male infertility. FertÍliËy and sterflÍÈy,
27:L425-L427 .



oÈ()J

Shin, S.H. (L979) Prolact,in secretion in acute stress is controlled
by prolactin releasing factor. Life Sci., 25:L829-L836.

snedecor, G.w. and I^I.G. cochran. (1978) statistical methods. Sixth
edîtíon. Iowa State UnÍv. Press. , Ames, Iotr^ra, U. S.A.

Steinberger, E. (L976) Biological action of gonadotropins in the male.
Pharmac. Ther. B. Vol. 2, pp. 77I-786.

TerviÈ, H.R. and A.J. Peterson. (1978) Testosteïone levels ín Dorset
and Romney ra'os and the effectÍveness of these breed.s in
sËÍmulating early onset of es.trus in Romney er¡res.
Theriogenology, 9 :27L-277 .

Thomas, J.4., M.s. Marandhar, E.J. Keenan, I,I .D. Edwards and p.A. Klase.
(I976) Effects of prolactín and dihydrotestosterone upon the
rât prostate gland. Urologia InternatÍonalis, 31:265-27L.

Ihorner, M.O., G.M. Besser, C. Hagan and A.S. McNeÍlly. (1974) The
relaÈionshíp between prolactin and gonadotrophins: effects of
clomiphene adminisETation in normal men. J. Endo. 63243.

Tonkins, T. and M.J. Bryant. (L976) rnfluence of naËing pressure and
season on the semen characteristics of rams. Anim. prod.
22:37I-378.

Turek, F.Lü. and c.s. carnpbell. (1979) Phoroperiodic regulation of
neuroendocrine-gonadal activity. Biol. Reprod., 20:32-50.

Wilson, P.R. and K.R. Lapwood. (1978) SËudies of hormone secretion in
Romney ratus: luteinizing hormone, tesËosËerone and prolactin
plasma profiles, LH-tesÈosterone interrelationsh-ips and the
influence of seasons. Theriogenology, 92279-294.

Yarney, T.A. (1980) Mating behavior and reproductive hormone secretíon
in rams. M.Sc. Thesis, UniversíËy of ManiÈoba.



B6

APPENDIX



,"
."

 *
,-

ff*
 ff

iff
iff

i
Ju

ne
 4

 
,r

.t
18

 
32

.7
 2

8,
3 

31
.3

 
29

.2
 3

2.
5 

30
.0

 3
L.

2 
32

,7
 3

1.
1 

31
.5

 3
3.

6 
24

.4
 2

4.
s 

24
.L

 2
5.

6
Ju

lv
 3

 
32

.8
 3

0.
0 

32
,8

 
30

.8
 3

4.
5 

32
.4

 3
4.

L 
34

.5
 3

4.
0 

33
.6

 3
5.

8 
23

.g
 2

6.
8 

26
.7

 2
7.

3
16

 
33

-4
 3

0.
4 

32
.7

 
3L

.6
 3

4.
5 

33
.4

 3
5.

2'
 

35
,7

 3
4.

5 
33

.g
 3

6,
7 

24
.8

 2
7.

0 
27

.8
 2

8,
2

31
 

34
.7

 3
1.

6 
33

.3
 

33
,9

 3
5.

4 
34

,L
 3

4.
8 

34
.8

 3
5.

5 
33

.7
 3

6.
5 

25
.7

 2
7.

2 
29

.O
 2

8.
7

A
ug

' i
'4

 
36

.3
 3

2,
3 

34
.0

 
35

.1
 3

5.
5 

34
.7

 3
4.

g 
34

.3
 3

6,
2 

34
.0

 3
5.

7 
26

,7
 2

8.
7 

29
.g

 2
g.

3
27

 
36

.s
 3

3.
0 

34
.9

 
35

.5
 3

6.
5 

35
.4

 3
s.

5 
34

.8
 3

7.
7 

34
.0

 3
s.

0 
27

.8
 2

9.
4 

30
.4

 3
7.

2
se

pt
.1

0 
36

.7
 3

3.
2 

33
.4

 
36

.0
 3

5.
7 

36
.0

 3
6.

1 
3s

.1
 3

7.
4 

33
.4

 3
5.

0 
28

.5
 3

0.
4 

31
.6

 3
2.

6
25

 
36

.2
 3

3.
8 

35
.6

 
26

.8
 3

7.
2 

34
.9

 3
6.

0 
34

.8
 3

7.
7 

34
.3

 3
4.

3 
30

.3
 3

3.
4 

32
.2

 3
3.

4
oc

t. 
11

 
36

-4
 3

3.
5 

35
.3

 
36

.1
' 3

5.
0 

35
.0

 3
6.

0 
34

.4
 3

7.
2 

3z
.r

 3
4.

6 
30

.6
 3

2.
2 

34
.1

 3
3.

3
26

 
35

-2
 3

3.
2 

35
.1

 
36

.7
 3

6.
1 

35
.7

 3
6.

2 
34

.7
 3

7.
6 

34
.8

 3
3.

8 
30

.6
 3

2,
s 

32
.0

 3
2.

8
N

ov
' 
15

 
35

.2
 3

2.
5 

33
.5

 
35

.6
 3

4,
L 

33
.8

 3
5.

1 
3z

.t 
35

.7
 3

5.
1 

30
.6

 
30

.3
 3

0.
4 

31
.5

 3
z.

r
30

 
34

'9
 3

7.
7 

32
.7

 
35

.6
 3

3.
8 

34
.0

 3
4.

6 
33

.5
 3

4.
5 

33
.7

 3
0.

3 
2g

.g
 3

0.
6 

31
.1

 3
7.

7
D

ec
' 
12

 
33

'6
 3

0.
8 

32
,L

 
33

.6
 3

2.
5 

33
.1

 3
4.

3 
3r

.7
 3

3.
9 

33
.6

 z
l.g

 
27

.B
 2

8.
6 

30
.3

 3
0.

9
20

 
33

.4
 3

0.
7 

33
,! 

34
.r

 3
2.

7 
32

,2
 3

4.
4 

30
.1

 3
4.

2 
33

.5
 2

g.
8 

27
.g

 2
g.

2 
31

.3
 3

2.
0

Ja
n'

 1
0 

34
-s

 3
L.

3 
33

.4
 

34
.0

 3
2.

5 
32

.2
 3

5.
0 

30
.3

 3
4.

7 
34

,2
 3

0.
1 

26
.8

 2
7.

s 
30

.9
 3

1.
5

23
 

34
'4

 3
2.

L 
33

.9
 

33
.8

 3
2.

0 
31

.1
- 
33

.8
 

31
.5

 3
4.

2 
34

.3
 3

0.
7 

24
.7

 2
8.

2 
30

.s
 3

1.
1

F
eb

' 6
 

3s
.0

 3
2.

8 
34

.1
 

34
.5

 3
0.

4 
31

.1
 3

3,
4 

31
.6

 3
3.

9 
34

.4
 3

L.
7 

2s
.7

 2
8,

4 
29

.o
 3

1.
0

20
 

32
.5

 3
L,

7 
33

.1
 

31
.8

 2
8.

9 
30

.1
 3

0.
3 

31
.6

 3
1.

1 
32

.8
 3

1.
.4

 
24

.2
 2

7,
5 

28
.3

 ?
8,

5
M

ar
' 5

 
33

.5
 3

2.
L 

33
.2

 
30

.8
 2

8.
L 

30
.6

 3
0,

7 
30

.9
 3

r.
7 

33
.9

 3
r.

7 
25

,6
 2

8.
6 

2g
.B

 z
g.

r
18

 
33

's
 3

L.
2 

31
.1

 
30

.4
 2

8.
5 

28
.2

 2
7.

g 
30

.7
 3

0.
2 

33
.5

 3
0.

4 
26

.3
 2

7.
2 

2s
.3

 2
8.

1
A

pt
' 2

 
32

.7
 3

0.
1 

30
.1

 
30

.7
 2

8.
t 

zg
.3

 z
g.

g 
2g

.s
 3

0.
7 

32
.5

 3
o,

z 
24

.6
 2

5.
4 

za
.6

 2
7.

6
L7

 
33

.8
 3

0.
1 

30
.6

 
30

.3
 2

9.
g 

29
.6

 3
0.

4 
29

.3
 3

0.
0 

33
.3

 3
0.

3 
2s

.2
 2

6.
L 

27
,L

 2
7.

7
29

 
32

-3
 2

9,
3 

30
.3

 
30

.3
 2

9.
s 

28
.5

 2
9.

6 
29

.3
 3

0.
0 

32
.7

 3
0.

9 
25

.g
 2

6.
2 

27
.4

 2
7.

g
l4

av
 1

3 
32

.8
 2

6.
6 

30
.7

 
30

.8
 3

0.
6 

28
.5

 2
8.

8 
31

.3
 3

z.
r 

33
.3

 3
3.

1 
27

.7
 2

7.
5 

zB
.L

 z
B

.4
28

 
37

'2
 2

8.
3 

31
 .8

 
30

.2
 3

0.
6 

zg
.o

 z
g.

g 
32

.2
 3

r.
6 

34
,7

 3
5.

6 
27

.6
 z

l.h
 2

8.
4 

28
.6

Ju
ne

 1
1 

33
'2

 2
8,

4 
30

.9
 

30
.1

 3
r.

4 
zg

.g
 3

0.
6 

32
,6

 3
1 
.1

 3
3.

8 
35

.4
 

26
.4

 2
7.

7 
27

.7
 2

8,
6

24
 

33
'8

 2
9.

3 
32

,4
 

30
.7

 3
2.

8 
zg

.s
 3

z.
L 

30
,7

 3
z.

B
 2

9.
5 

3z
.r

 
34

.2
 3

4.
5 

34
.3

 3
5.

7
Ju

lv
 9

 
34

'6
 3

0.
6 

32
.6

 
31

 .0
 3

4.
4 

3L
.2

 3
3.

3 
34

.g
 3

5.
2 

34
.0

 3
6.

0 
28

.7
 3

L.
2 

zg
.o

 3
1.

4
22

 
34

'4
 3

1 
'1

 
32

.6
 

33
.0

 3
5.

5 
33

.4
 3

4.
0 

36
.4

 3
6.

5 
3s

.2
 3

7.
L 

30
.3

 3
2.

3 
30

.1
 3

2.
2

T
ab

le
 1

4.
 s

cr
ot

al
 c

fr
cu

rn
fe

re
nc

e 
ne

as
ur

e'
en

te
 (

.c
m

) 
fo

r 
fn

dl
vi

du
al

 r
am

s

C
o !



D
aË

e

Ju
ne

 lB

Ju
l-y

 1
6

A
ug

. 
27

S
ep

t.2
5

O
ct

. 
26

N
ov

. 
15

D
ec

. 
L2

Ja
n.

 1
0

F
eb

. 
20

M
ar

. 
18

A
pr

.1
8

M
ay

 L
2

Ju
ne

 1
l

Jt
íy

 2
2

R
2

F
in

n

T
ab

le
 2

4.
 

B
od

y 
w

ei
gh

t 
m

ea
su

re
m

en
ts

 (
r.

g)
 f

or
 i

nd
iv

id
.u

al
 ra

m
s

50
.1

52
.3

58
.2

56
 .

5

62
.6

5 
8.

0

58
.9

53
.9

59
 .1

58
. 

3

59
.L

s9
.6

s9
.B

66
.0

R
3

46
.3

 4
4.

4

52
.0

 5
0 

.0

55
.8

 5
3.

1

s7
.7

 5
5.

6

57
 .7

 5
5.

6

56
. 
B

 5
5.

6

57
 .0

 5
7 

.O

59
 .7

 5
7 

.6

s9
 .8

 s
9 

.9

57
 .4

 5
7 

.9

s9
 .5

 6
5 

.6

60
.1

 5
9 

.1

60
.6

 s
6.

9

63
.7

 6
4.

2

R
4

R
5

69
 .7

 6
5 

.1

74
.L

 7
2"

6

83
 .0

 7
9 

.5

87
.5

 8
4.

6

B
B

.1
 8

5.
5

89
.r

 8
6.

5

B
B

.6
 8

4 
.6

90
 .9

 9
0.

1

94
.7

 9
1.

0

92
.7

 8
7.

0

93
.8

 9
2.

4

93
.9

 9
r.

4

93
.4

 8
5.

B

10
1 

. 
B

 9
3.

6

S
uf

fo
lk

R
6

R
7

64
.2

 6
7 

.O

69
 .6

 
73

.8

74
.3

 7
8.

9

76
.0

 8
5.

6

76
 .9

 8
5 

.4

77
 .6

 
82

.4

78
.7

 8
2.

9

81
. 
B

 B
B

. 
7

84
.9

 9
0.

1

83
.0

 9
0.

5

86
 .0

 9
3.

6

85
.2

 9
s.

4

84
.1

 9
9.

3

93
.2

 1
05

 .2R
B

R
9

57
 .5

 s
7 

.9

60
 .5

 6
2.

2

66
 .4

 6
8.

 s

68
.6

 7
r.

B

68
.7

 7
2.

9

70
.2

 7
5.

7

69
.2

 7
2.

8

70
.7

 7
5.

0

7L
.7

 7
7.

4

70
.4

 7
6.

s

74
.s

 7
9.

I

75
 .0

 
78

.6

75
 .B

 7
8.

6

79
 .6

 
84

.3D
or

se
t

R
10

 
R

ll

67
 .B

 6
3.

6

69
 .8

 6
4 

.s

73
.3

 6
6.

4

76
.0

 6
9 

.9

77
 .5

 
70

.9

79
.3

 7
2.

3

80
.4

 7
0 

. 
I

86
.1

 7
2.

2

86
.6

 7
4.

8

86
 .1

 
7s

 .7

86
.B

 7
7.

8

86
.4

 7
8.

1

85
 .2

 
78

.6

B
B

.1
 8

2.
5

R
l2

R
l3

B
la

ck
fa

ce

36
.0

 3
7 

.4

37
 .0

 
4]

.2

38
. 
3 

46
 .L

4I
.L

 5
3.

1

43
.6

 5
3.

1

49
.5

 s
3.

6

47
.4

 s
3.

6

49
 .7

 s
5 

.9

52
.0

 5
6 

.9

47
 .0

 5
s 

.6

47
 .7

 5
7 

.B

47
 .5

 5
7 

.7

45
.7

 5
6.

 B

55
.s

 6
0.

1

R
14

 
R

15 40
.1

 3
9 

.4

42
.8

 4
2.

9

52
.6

 4
9 

.4

53
.9

 5
3.

6

56
 .1

 5
5 

.1

58
.0

 5
6.

6

60
. 
B

 5
5.

1

62
.4

 5
9.

3

66
. 
1 

6I
.7

63
.1

 s
B

.4

67
 .2

 6
2.

7

66
 .6

 6
0.

9

64
.8

 5
9 

.2

7L
.9

 6
8.

6

R
16

oo C
o



Ju
ne

 4
/6

Ju
ly

 9
/1

1

A
ug

.6
/8

S
ep

t. 
10

/1
2

O
ct

. 
9l

LL

N
ov

. 
L2

/I4

D
ee

. 
7O

/I2

Ja
n.

 L
4/

76

F
eb

. 
1l

-l1
3

l,l
ar

 . 
7O

 /L
2

A
pr

. 
7 
/9

M
ay

 5
/7

Ju
ne

 9
/1

1

Ju
ly

 8
/9

T
ab

le
 3

4.

2.
24

3.
97

7.
47

L9
.5

2

L5
.7

6

5 
.5

6

23
.5

6

1"
1.

94

6 
.4

7

2.
34 .9

8

1.
55

2.
9I

3.
7 

7

F
ln

n

2.
T

T

5.
s4

9 
.7

s

L5
.4

7

16
 .

49

L3
.7

7

t2
.0

6

11
.4

9

5.
 7

8

7.
64

L,
28

2.
21

_

l-.
5 

7

3.
49

M
ea

n 
se

ru
m

 t
es

to
st

er
on

e 
co

nc
en

tr
at

lo
ns

R
4 3.
s3

3.
68

4.
79

3.
 1

8

15
 .

94

L3
.2

8

13
. 

s4

12
.5

9

2.
86

2.
50

2.
46

2.
75

2.
27

3.
 8

5

S
uf

fo
lk

1.
40

I.4
3

2.
t2

10
.9

0

L4
.5

6

10
.1

4

12
.3

8

4.
 B

0

1.
 3

1

.6
5

1.
 s

6

.8
8

L.
32

2,
70

R
6 1.
04

3.
 1

5

7.
0L

16
.6

0

9 
.4

2

8.
91

7 
.3

6

1.
31

2.
7I

1.
60

2.
57 .2
7

3.
05

3.
94

2.
22

 3
.6

6

2.
07

 4
.8

5

5.
47

 9
.0

0

11
.0

4 
]-

4.
87

77
.L

2 
10

.5
8

7.
70

 1
,5

.4
5

4.
33

 1
0 

. 
s0

3.
83

 4
.2

9

.8
5 

2.
89

1 
.2

7 
3.

 5
0

.9
4 

2.
97

1.
11

 3
.6

0

7.
02

 3
.0

4

7.
99

 4
.1

0

(n
e/

nl
) 

fo
r 

ln
di

vi
du

al
 r

an
s

D
or

se
t

-2.
55

2 
.8

8

4.
73

7 
.9

L

6.
97

4.
83

3.
21

3.
09 .9

4

1.
09

1.
 8

3

2.
65

3.
L7

4.
72

R
10

 
R

l1
 

R
12

2.
81

 
4.

57
 

6.
I2

3.
40

 
8.

07
 

6.
10

3.
89

 
5.

22
 

6.
50

5.
95

 
7.

\9
 

70
.2

7

9.
19

 
7.

09
 

6.
50

11
.0

4 
5 
.6

4 
3.

85

8.
20

 1
0.

57
 

3.
01

4.
87

 
4.

20
 

L.
34

2.
L4

 
5 
.8

8 
'J

..4
2

2.
48

 
3.

04
 

1.
90

2.
44

 
3.

42
 

2.
77

1.
68

 
4.

62
 

2.
38

L.
56

 
2.

L7
 

3.
42

2.
28

 
6.

 8
6 

5.
47

.3
7

L.
57

I.6
4

3.
r2

6.
t2

9.
24

1.
41

1 
.0

8

1.
26

1.
45

1.
10

1.
03

1.
56

2.
25

1.
04

r.
45

2.
23

8.
25

6 
.1

1

3 
.4

5

1.
18 .5
6

.2
6

1.
18

1.
68

1.
63

1.
 3

1

1.
 3

6

.8
0

.J
t

3.
76

13
. 

21

7.
18

11
.4

5

12
.2

L

.6
0

1 
.5

0

3.
48

2,
 B

B

J.
.t4 .8

5

3.
 0

0

R
16 1.
51

3.
 8

5

4.
93

12
.5

0

8.
02

14
.3

3

6.
97

I.6
4

2.
36

4 
.6

4

, 
a)

3.
04

2.
08

2.
79

C
o



*.
. 

;-
Ïï*

 
ffi

 
ffi

 
ffi

Ju
ne

 4
/6

 
t 

.Z
3 

.5
5 

rr
 

ï
Ju

Iy
 9

/r
L 

.5
4 

6.
65

 1
.6

1 
1,

.2
2 

3.
40

 4
.7

6 
4.

gI
 

2.
83

 2
.5

g 
5.

83
 3

.7
2 

.3
8 

1.
04

 I
.2

3 
1.

08
A

us
' 6

/8
 

'8
7 

4'
L7

 
1-

.8
2 

.9
g 

r.
62

 
s.

61
 z

.3
r 

1.
s6

 1
.8

7 
2.

3s
 r

.g
4 

r.
zg

 
r.

a2
 

r.
z,

 
.g

0
se

pt
' 1

0/
12

 
'6

9 
4'

74
 

'4
2 

1.
78

 r
.4

L 
2.

60
 3

.2
7 

1.
51

 1
.6

0 
3.

58
 3

.2
3 

.6
0 

r.
91

 
2.

rs
 

2.
gI

oc
t' 

9/
11

 
'8

8 
2'

43
 7

'2
4 

1.
51

 
.9

0 
3.

19
 4

.2
6 

L.
z2

 
r¿

52
 1

.9
9 

1.
81

 
.6

0 
.9

6 
1.

04
 

.8
0

N
ov

' 
12

11
4 

'5
2 

2'
68

 1
.0

5 
1.

64
 r

.z
3 

3.
22

 z
.g

4 
2.

B
r 

r.
67

 
1.

99
 r

.z
8 

.g
4 

r.
02

 
1.

40
 

.7
4

D
ec

' 
L0

/r
2 

'5
0 

1'
80

 1
.1

5 
1.

60
 r

.4
4 

r.
2r

 
2.

75
 

.6
8 

L.
77

 q
.4

7 
r.

37
 

.2
3 

.4
3 

1,
23

 
.8

8
Ja

¡' 
L4

/L
6 

'5
7 

1'
29

 
'4

9 
.g

2 
.2

3 
.4

8 
.8

6 
1.

68
 1

.5
5 

1.
14

 
.5

6 
1.

00
 

.3
9 

.4
s 

.2
3

F
eb

. 
11

/1
3 

-3
6 

1.
19

 
.3

9 
.4

4 
.7

0 
.8

5 
.3

4 
1.

10
 3

.9
6 

.6
9 

L.
23

 
r.

23
 

.2
3 

,7
2 

.2
3

M
ar

' L
0/

r2
 

'2
3 

'4
0 

'3
0 

.3
2 

.3
5 

r.
o7

 
L.

46
 

.2
3 

2.
r8

 
3.

26
 

,7
7 

.4
g 

.4
6 

1.
11

1 
.7

8
A

pt
' 7

/9
 

'2
3 

'4
5 

'5
0 

.6
8 

.g
g 

'9
0 

.7
2 

.6
8 

r.
04

 
3.

32
 z

.z
3 

.s
B

 1
.0

4 
.g

4 
.5

8
Ia

av
 5

/7
 

'2
3 

'6
4 

'5
1 

.2
3 

z.
zr

 
1.

39
 r

.3
2 

2.
4g

 
.g

4 
4.

34
 L

.7
7 

.4
2 

\.4
7 

1.
18

 
.s

3
Ju

ne
 9

/1
1 

.2
3 

.7
2 

1.
33

 
.3

7 
2.

64
 

.8
2 

.5
5 

1.
59

 I
.S

2 
2.

64
 1

.7
0 

.3
7 

I.2
I 

.5
9 

.8
3

Ju
ly

 8
/9

 
.4

3 
2,

45
 L

.z
O

 
1.

11
 L

.4
2 

3.
87

 Z
.B

O
 

1.
41

 L
.3

2 
4.

15
 4

.4
I 

,3
g 

.5
2 

1.
36

 1
.0

6

T
ab

le
 4

4.
 M

ea
n 

se
ru

m
 L

H
 c

on
ce

nt
ra

tr
.o

ns
 (

ng
/m

1)
 f

or
 in

di
vr

du
al

 r
ar

ns

O



Jr
ne

 4
/6

Ju
ly

 9
/1

1"

A
ug

.6
/8

S
ep

t.1
0/

12

oe
t. 

14
/1

6

N
ov

. 
12

l1
4

D
ec

. 
L0

/I2

Ja
n.

 L
4/

16

F
eb

. 
1U

13

Ita
r.

 I
0/

L2

A
pr

. 
7 
/9

l,l
ay

 5
 /7

Ju
ne

 9
/1

1

Ju
ly

 B
/9

15
. 

3

31
.6

9t
,7

36
.9

33
.7

21
.7

24
.9

32
.5

47
 .5

30
. 
I

17
 .7

13
.0

19
.8

19
 .

8

F
fn

n

T
ab

le
 5

4.

38
.4

51
. 

3

94
.0

1"
09

. 
B

73
.6

33
.4

38
.5

69
.8

42
 .4

32
,4

15
.9

8.
5

17
 .

O

25
.8

25
.9

53
.4

72
.3

86
.7

52
.8

42
,6

28
.9

29
.4

22
.4

13
.9

35
.1

33
. 

3

34
.8

53
 .7

M
ea

n 
se

rr
¡m

 F
S

H
 c

on
ce

nt
ra

tl-
on

s 
(n

g/
nl

) 
fo

r 
in

di
vl

du
al

 
ra

rn
s

62
.5

 1
61

.9

86
.0

 2
09

.0

14
5 

.4
 

13
6.

0

1,
63

.4
 9

9 
.1

70
5.

7 
88

.1

11
1.

9 
67

 .2

92
.4

 
85

.7

67
.r

 
54

.7

36
.9

 
52

.0

11
.1

 
64

.3

73
.7

 
52

.7

11
.9

 
88

.5

11
.6

 7
I9

.4

25
.2

 1
85

.4

R
7

66
.7

56
 .

0

15
6.

2

L4
4.

9

96
 .1

78
 .0

67
 .g

34
.5

42
.6

49
 .

7

42
.9

25
.6

22
.5

85
.5

62
.2

88
.1

L2
4.

0

56
.0

86
.2

77
.8

94
.4

70
.7

40
.4

33
.4

JA
 

1

42
.L

29
 .5

s4
.3

26
.8

44
.8

54
.5

39
. 

B

29
.7

35
 .1

24
.6

27
 .

4

15
.4

77
 .7

16
.9

17
 .5

37
 .4

35
.6

R
l0

s5
.4

 
31

..4

67
.9

 
32

.4

55
.9

 
15

 .6

52
 .0

 
19

 .
5

48
.6

 
77

.2

56
.6

 
25

.L

6s
.2

 
25

.I

72
.9

 
rL

.4

60
.2

 
2I

.9

56
.4

 
18

.5

27
.6

 
77

.4

43
.2

 
24

.8

39
 .3

 
19

.1

75
 .9

 
18

.9R
11

52
.5

s5
.9

44
.2

33
.4

35
.1

19
. 

3

s3
.4

30
.6

43
.5

26
.0

46
.3

62
.2

55
 .7

92
.6

2
R

13

19
 .9

18
.6

20
.2

20
.6

15
.3

19
.9

3.
0

12
.6

r0
.7

16
 .9

11
.0

17
.r

14
.3

15
 .4

45
.1

-

86
 .5

10
6.

9

10
4 

.1

73
.5

52
.0

42
.7

28
.6

48
.2

58
. 

7

65
 .4

70
.L

65
 .4

71
 .

0

14
.7

27
.2

9.
1

1.
3.

7

20
.8

14
.5

18
.3

9.
1

9.
2

20
.3

24
.7

18
.6

14
 .1

t1
 

1

R
16

2t
,9

32
.7

17
.0

49
.2

19
 .3

24
.0

38
.4

22
.3

2r
.4

20
.5

27
 .5

L4
.4

12
.5

14
. 

3

F



*.
" 

*-
ri-

* 
ffi

 
ffi

 
q

J:
JJ

ne
 4

/6
 

rO
U

.

Ju
ly

 9
/1

1 
7I

.7
 1

14
.8

 1
35

.4
 

12
0.

6 
ir}

g.
4 

12
8.

1 
14

2.
4 

9.
0 

69
.6

 1
43

.8
 B

2.
I 

L4
.2

 1
54

.2
 g

4.
5 

rq
3.

z
A

us
.6

/8
 

49
-I

 
62

.3
 7

3.
2 

11
9.

7 
L3

3.
7 

73
.0

 6
8.

7 
9.

0 
50

.6
 

57
.6

 3
z.

s 
9.

0 
12

1.
3 

53
.9

 1
18

.6
S

ep
t. 

10
/1

2 
28

.3
 2

6.
0 

33
.0

 
67

.4
 1

13
.0

 2
6.

g 
27

.g
 

g.
2 

45
.0

 
26

.2
 z

g.
B

 
9.

0 
74

.5
 

24
.s

 6
9.

7
oc

t' 
9/

11
 

Lg
'7

 2
6'

9 
21

"3
 

zG
.4

 2
4.

0 
26

.2
 z

4.
o 

27
.3

 2
s,

g 
33

.9
 

26
.7

 
25

.3
 z

4.
z 

zz
.s

 
28

.3
N

ov
. 
12

11
4 

2O
.O

 2
4.

4 
22

.g
 

24
.7

 2
q.

2 
23

.8
 2

3.
3 

27
.4

 2
5.

3 
27

,6
 2

8.
2 

2g
.4

 Z
4.

B
 2

3.
2 

26
.2

D
ec

. 
10

/L
2 

18
.3

 Z
5.

O
 2

4.
6 

24
.2

 2
3.

0 
23

.6
 3

0.
2 

34
.t 

26
.7

 Z
S

.B
 2

8.
7 

25
.5

 Z
B

.7
 2

3.
6 

28
.5

Ja
n.

 L
4/

76
 

zO
-L

 Z
7.

Z
 2

2.
6 

Z
5.

O
 2

4.
4 

24
.7

 2
8.

7 
3L

.4
 Z

B
.g

 2
5.

2 
27

.8
 

9.
0 

27
.2

 Z
4.

o 
26

,6
F

eb
' 1

1/
13

 
18

'4
 

24
'8

 
23

'o
 

26
.8

 2
6.

0 
z3

,B
 2

9.
3 

28
.5

 2
7.

2 
z7

.g
 2

6.
3 

10
.0

 
2s

.6
 2

6.
4 

zg
.B

'Ì'
Îa

r.
 1

0/
12

 
I9

.3
 

Z
4.

Z
 2

2.
2 

23
.3

 2
3.

7 
31

.0
 

Z
g.

2 
33

.1
 

25
.7

 3
g.

g 
31

.3
 

26
.8

 2
4.

6 
Z

4.
B

 4
0.

5
A

pr
' 7

/9
 

zL
'g

 
39

'6
 3

1 
'1

 
80

.4
 

43
.2

 7
B

,B
 7

r.
B

 
9.

0 
76

.8
 

76
.8

 5
r.

4 
15

.0
 

46
,5

 4
r.

7 
91

.3
tr

av
 5

/7
 

26
'6

 4
7 
'8

 
54

'6
 

3g
.7

 2
4.

3 
88

.6
 9

5.
6 

L2
.3

 3
0.

r 
10

5.
7 

69
.6

 
35

.6
 

2g
.o

 5
5.

3 
10

6.
1

Ju
ne

 9
/1

1 
74

.2
 6

5.
3 

88
.7

 
12

4.
2 

S
7.

Z
 8

8.
5 

11
0.

4 
9.

0 
76

.5
 IL

7,
7 

g3
.2

 
10

5.
2 

13
3.

5 
B

3.
z 

14
1.

9

T
ab

le
 6

4.
M

ea
n 

ee
ru

m
 P

R
L 

co
nc

en
tr

at
lo

ns
 (

ng
/m

1)
 f

or
 

ln
di

vl
du

al
 

ra
m

s

Ju
lv

 B
/9

 
7g

'4
 1

49
'1

 1
45

'1
 

rr
7.

4 
B

3.
t 

23
4.

9 
34

.8
 

9.
0 

77
.2

 2
g3

.s
 2

20
.5

 
B

5.
B

 1
24

.0
 1

95
.8

 3
30

.1

\o 1.
.)



93

Table 74. serr¡m LH and testosËerone profiles for Finn F.am ll2

Tes tos lerone

July October January April October Aprí1

LH

Sarnple

1

2

3
4
5
6

7

B

9

10
1l
L2
13
I4
15
16
T7
18
t9
20
27
22
23
24

.37

.31

.19

.15

.14

.L4

.L4

.L4

.L4

.L4

.14

.L4

.L4

.14
6.L7
4.02
2.03
1. 14

.66

.29

.39

.L4

.L4

.14

1.13
.57
.37

7.O7
1. 10

.82

.60

.55

.57

.27
1. 65
L.L7

.92

.44

.36
L.79

.98

.79

.64

.45
2.02
1. 36

.74

.62

.27

.JJ

2.27
L.49

.91

.53

.43

.33
a')

.14

.L4
"14
.L4
.26
.14

1. 85
.90
.49
.30
.33

L.24
.76
.52
.39

.11

.11

.11

.11

.11

.11

.15

.15

.11

.16

.11

.2L

.12

.L2

.25

.11

.14
,o

.11

.11

.7 I¡

.18

.19

.27

.70
1.10

.80

.80

.90

.50

.40

.60

.80

.90

.70

.70

.70

.70

.80

.70

.70

.70

.70

.60

.30

.30

.30

.20

r0.20
20.20
15.30
13.60
15.00
16.90
16.10
11.70

7 .80
2.30
3. 90
9.s0

2L.40
27 .IO
18 .40
8.40
9.70

18.70
15.00
11. B0

B. 70
17.00
18. 20
20.20

Level:

mean
baseline

Peak:

frequency
height
A value

.73

.L4

1
6.17
6.03

.87

.36
.61
.24

J
r.79
1.55

.11

.11
14.10
8.25

5

20.64
12.37

.79

.70

5
L.54
1.18

:
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Table 84. serr¡m LH and testosterone profiles for Finn ram lf3

Tes tos terone

July October January April October April

LH

Sarnple

1
2

3
4
5
6

7

B

9
10
11
L2
13
I4
15
T6
T7
1B
79
20
2L
22
23
24

1.58
.75
.89
.97

1.10
1.03
4.37
3.s6
2.3s
T.4I
r.49
L"I2
8.75
3. 63
1.65
r.44
I.20
3.24
1.58
1.11

.69

.38
4.66
2.37

.14

.74

.55
4.01
1.39

.76

.34

.53

.53

.36

.19

.L7

.L4

.L4
?o

.t4

.L4

.20

.30
L.64
1.05

.85

.46

.50

.22

.L6

.25

.12

.11

.11

.11

.11

.11

.11

.22

.11

.11

.27

.L6

.11

.11

.2L

.11

.L9
1.11

.55

.55

.44

.80

.80

.80

.80

.80

.80

.80

.80

.80

.80

.80

.80

.80

.80
1.00
1.50
1.50

.90

.80
2.20
2.90
7 .60
8.90
9 .80

11. 78
4.90
3.04
2.r4
1 .18

.87

.90
9.50
3.84
2.tB
1.10
1.00

.75

.62

.42

.55
'fo

L0.24
3 .59
2.7L
1.60

24.87
8.59
4.96

33 .0
19.60
13. B0

B. BO

7 .70
6 -50
6.30

43.00
35.90
38 .50
15.90
9.60
7 .90

19 .60
29.50
22.60
1"4.40
14. B0
14.30
10 .30
8.00

17.70
17.00
9.90

Level:

mean
baseline

Peak:

frequency
height
Â value

4.26
.96

4
14.10
L3.23

2.\4
70

4
s.26
4.47

.62

.L4
.24
.11

1
1. 11
1.00

L7 .72
7 .40

4
30 .08
22.68

2.0
.80

2

2.83
2.69

1
9. B0
9 .00
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Table 94. serr:m LH and testosteïone profíles for Finn ram lÍ4

Tes tos terone

July October January AprÍ1 October April

LH

Sample

t_

2

3
4
5
6

7

o
9

10
11
L2
13
T4
15
16
L7
1B
L9
20
2L
22
23
24

3 .6s
2.40
L.39

.85

.48

.s4

.37

.33

.27

.34

.34

.46

.65
7 .58
3.79
2.27
1.01

.81

.49

.42

.30
3.97
2.83

oo

r.75
1.00
3.24
L.79
1.03

.90

.90
3.05
2.LB
r.24
1.08

.90

.90
5.36
2.97
T.7T

.90

.90

.90
4.37
3.40
2.60
1. 40
1. 30

.14

.L4

.51

.85

.33

.20

.14

.L4

.14

.14

.14

.14

.L4

.t4

.t4

.L4

.14

.L4
L.7 4

.81

.75

.24

.L4

.L6

.11

.11

.11

.11

.11

.11

.11

.11
:11
.11
.11
.11
.11

r.70
.67
.42
.11
.11
.11
.11
.11

.11

.11

.90

.80

.50

.30

.60

.90

.80
1.00
L.20

.80
r.20

.90

.70
1. 30
L.70
5 .00
6 .80
6 .00
6.40
4.20
2.40
1. 70
1. 30

.80

29.30
28.20
27 .20
35 .30
26.30
20.10
10.90

9. B0
22.L0
29.L0
22.50
15 .00
8.70
6. B0

29.40
3s .80
23.00
13. 70
1r. 30

7 .40
19.90
25.90
22.40
19 .30

level:
mean
baselíne

Peak:

frequency
heighÈ
A value

L.52
"29

J

5.07
4.7r

1. 91
.90

.32

.14

2
1. 30
1.16

.2I

.11
20.81
8.37

4
31.53
23.L6

2.00
.85

I
6.80
5 .95

4
4.00
3.10

1
r.70
1. s9
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Table 104. serum LH and testosterone profíles for suffolk ram //5

Tes tos teroneLH

Sample July October January AprÍ1 October April

1
2
J

4
5
6

7

B

9
10
11
t2
13
L4
15
T6
t7
1B
19
20
2L
22
23
24

1.50
L.2I

.64

.74

.66

.40

.39

.32

.34

.34

.24

.L4

.¿J

.L4

.25

.L4

.20

.L4
7.O3
4.6s
3. 90
2.L5
1.01
1.08

.49
2.92
I.7L
1. 35
r.o7

.93

.60

.4r
2.74
r.7 2
1.13

.72

.75
L.79
1.40
L.25

.53

.70
2.23
1. 38
1.05

.66

.52

.28

.80

.67
1.08

.32

.38
a1

.29

.38

.42

.4L

.89

.67

.42

.62

.55

.75
L.45

.87

.54

.99
1. 85
3.40
2.9r
3.13

.47

.40

.28

.11

.11

.11

.11

.11

.11

.11

.19

.23
3.19
3.28
L.43

.97

.81

.55

.40

.L9

.19

.11

.11

.11

4.80 .90
11.30 .90
15.90 . B0
16.00 .90
9.00 . B0
7 .so .80
6.40 .90
5 .ZO 1. 10

13.60 .90
L7.40 1.00
13.10 2.60
6.40 4.00
9 .20 5.50
5.30 9.10

16.70 6.40
25 .80 10 .20
2r.90 10 .50
12.00 8.70
9.30 7.00

18.10 4. B0
22.L0 2.20
77.90 3.10
13.70 1. 40
10.20 2.70

Level:

Inean
baseline

Peak:

frequency
height
Á value

1.16
.14

1
7.03
6. 85

1.18
.55

4
2.42
1. 87

1.00
.48

.57

.11

1
3.28
3.L7

4
T.7L
L.23

L2.87 3.63
6 .96 .9s

4L
20.32 10.50
13.36 9.55
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Table 114. serr.m LH and testosterone profiles for suffolk ran //6

Tes tosteroneLH

Sample July October January April October April

1
2

J
4
5
6

7

B

9

10
11
T2
13
L4
15
16
T7
18
L9
20
2L
22
23
24

.L7

.24

.44

.54
2.I5
1.00

.87
L.25

.93

.65

.58
5.40
2.50
r.26

.87

.42
aa

.48

.L9

.24

.24

.2L

.89
-69

.t4

.14

.L4

.L4

.L4

.L4

.L4

.L4

.L4

.L4

.L4

.L4

.14

.L4

.L4

.L4

.14
?)

.22

.L4

.r4

.L4

.35

.55

.31

.11
ç,)

.47

.11

.62
1.27

.40

.29

.49

.28

.2L
8.29
5.40
2.5r
r.76

.25
\t

.49

.36
J')

.11

.23

.20

.70

.40

.50
1.00
1.10

.70

.40

.90
2.L0
2.50
1. 60
1. 50

.90
3. B0
s.40
6 .00
4. B0
3. B0
2.70
1.00
1 .00
1.00
1.30

.70

.L4

.t4
4.s2
4.22

16 .50
7.06
s.83
4.73
2.82
t.52
1.35

.83

.42

.42

.44

.r4

.24

.2L
L4.29

7 .72
4.L7
2.5I
L.49
L.29

.10

.10

.10

.10
9.20

14. B0
L4.20
L6.70
9.70
7 .L0
2.80
B. 70

L2.40
13.10

8. B0
4. B0
2.40
4. B0

.10

.10
1.10
3.00
3.50

10.80

Level:

mean
baseline

Peak:

frequency
height
A value

3.46
.L4

2
ls.45
15.31_

.94

.43

4
2.03
1 .60

.L7

.L7
1.06

.1,6

2
4 "78
4.62

6.79
.56

2
L4.90
14.34

1.91
.83

2

.96

.13
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Table 124. serum LH and tesÈosrerone profiles for suffolk ram ll7

Tes tos teroneLH

Sarnple July October January April October April

1
2
J

4
5
6
7
B

9
10
11
L2
13
L4
15
16
L7
18
T9
20
2L
22
23
24

t)
.17

2.23
].6.76
5.26
6.74
2.80
I.75
1.06

.87

.68

.53

.38

.22

.19

.52
6.24
5 .38
2.46
2.7 3
1. 80
4.r2
2.86
L.40

4.18
2.70
2.44
2.07
1.90
7 .92
6.03
4.40
3;56
2.85
3.08
B.6B
4.94
s.06
3.43
6.48
s .53
4.02
3.23
6 .11
4.67
3. 36
2.70
2.55

.14

.L4

.14

.L4

.L4

.r4

.4s

.23

.32

.30

.25

.L4

.14

.t4

.L4

.14

.L4

.L4

.L4

.14

.r4

.14

.L4

.L4

.35

.11

.2L

.11

.11

.11

.11

.t4

.20

.18

.1I

.11

.11

.11

.11

.11

.11

.11

.11

.42

.34
T.2L

.66

.51

6.40
7 .40
7 .00
9 .90
7 .L0
7 .70

18. BO

24.70
36 .30
22.00
15 .00
L4.70
34.30
24.90
19.90
ls.40
18.50
22.00
17.00
12.30
15.10
L4.40
12.40
13. 90

4.20
3.90
1.90
I .10

.80
7.20

.80

.80

.80

.80
1.00

.80

.80

.80

.80

.80

.80

.80

.80

.80

.80
2.00
4.10
5 .60

Level:

mean
baseline

Peak:

frequency
heÍght
A value

2.78
.72

4.24
3.L7

4
7.30
4.L3

.18

.18
.24
.11

1
L.2I
r. 10

16.s6
LL.43

1.51
.85

1
5.60
4.75

J

9 "04
8.39

: 5
23.52
L2.09
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Table 134. serr:m LH and testosterone profiles for suffolk ram //g

Tes tos teroneLH

Sanple July October January AprÍ1 October April

1
2

3
4
5
6

7

I
9

10
11
72
13
I4
15
76
L7
18
19
20
ZL
22
23
24

2.76
L.70
L.22

.90

.59

.75
2.43
L.62
L.t7

.95
1.31
r.64
I .51

.75

.92
I.23
1.16

.BB
1.65
2.52
r.32

.97

.96

.66

.L4

.18

.66

.37
tt1

.L4

.L4

.15

.89

.38

.25

.L4

.L4

.L4

.14

.22

.L4

.L4

.L4

.L4

.L4
?')

.55

.24

.75

.43

.4r

.51

.22

.25

.49

.L6

.17

.T7

.11

.11

.11

.11

.11

.11

.11

.11

.11

.11

.L2

.4s

.44

.39

4.50
5 .80
4. 80
4.50
4 .50
4.30
2.70
3 .00
2.50
2.L0
1.40

.80

.90
7.20
1 .00

.70

.60

.70

.60

.70

.60
L.20
1. 10
1.10

.45

.32

.36
11.60
4.32
2.90
L.44
1.18

.86

.66

.39

.70
r0. 89
8.09
3.65
2.82
1,38
1.19

.72

.54
1.10
4.L3
9.05
4.ss

13.50
TL.7O
15 .50
16 .10
12.50

B. 80
6 .10

L7 .50
23.80
19 .00
14. 30

9. 60
2]-.80
23.60
2L.50
16 .10
L4.40
2L.BO
L7.20
13.90
L6.70
25.40
28.20
17.10

Level:
mean
baseline

Peak:

frequency
height
À value

I.32
.79

.26

.14
.25
.11

L6.92
1.11

5
22.70
2L.s9

2.L4
.86

I
5 .80
4.94

.42

3
10.51
10.09

5
2.L2
1. 33

J

.70

.56
:
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Table 144. serum LH and testosterone profiles for Dorset ram lÍ9

Tes tos teroneLH

Sample July October January April October April

1
2
J

4
5
6

7

B

9

10
11
12
13
L4
15
I6
L7
1B
19
20
2L
22
23
24

.40

.46

.28
L.7s
8.2L

10 .37
3.07
2.20
1.58
1.19

.95

.73

.63
29.56
L4.78
6.r4
3. B3
r.76
L.2t
1.05

.90

.75

.52

.47

.4L

.39

.JJ

.33

.43

.70

.42

.37

.44

.42

.70

.82
L.25
3.6L
1.31
L.54
1.19
r.25
1.34
I.29
8.02
2.66
2.30
1.82

.14

.14

.2L

.74

.14

.L4

.L4

.2L

.24

.20

.22

.2L
?t

3. B7
2.26
7 .24
4.69
5.82
2.30
3.01

10 .00
4.25
2.IL
t_.51

.11

.11
,o

.16
2.L2
2.98
1.16

.86

.40

.80

.63

.4L

.30

.11

.11

.11

.11

.11

.11

.11

.11

.11

.11

.11

8.60 3.90
5.40 2. B0
4.70 2.40
3.s0 3.40
2.50 4.20
2.40 7.50
5 . B0 10.40
2.80 LL.70
3.80 11.00
3.10 L2.20
3.70 11.60
4.00 9.30
6.30 6 .90

LL.20 5.50
14. s0 4.00
L9 .20 4 .00
L2.80 2.20
\2.90 1.90
1r.00 1.30

7 .LO 1.10
6.80 1.40

10. B0 I.70
j.7.90 1.40
L6.40 r.70

Level:

mean
baseline

Peak:

frequency
heÍght
Â value

5.46
.46

L.39
.76

2

5.82
5 .06

2.06
L "07

4
6.73
s.66

.46
"11

1
2.98
2.87

8.22
3.62

5 .15
L.79

2

L9.97
19.31

2L
18.55 12.20
L4 .93 10.41



Table 154. Serum LH and testosterone profiles for Dorset ran il10

Tes tosterone

101

July October January April October April

LH

Sample

1
2
3
4
5
6

7

B

9

10
11
T2
13
t4
15
16
17
1B
19
20
2L
22
23
24

.31
1.15
L.O2
9 .58
3.05
2.L6
1,.2I

.65

.82

.92

.79

.62
4.19
2.53

.49

.BB

.86

.70

.77

.70

.64
T.B2
3.47
1.90

.52

.60

.57
5.58
3. 88
2.55
1. 35

.95

.77

.53

.s6

.53

.6L

.2r

.4L
3.58
1 .60

.93
L.L4
3.93
2.L9
r.32
1.01

.90

1-.34
1.08
9.84
3. 60
2.46
L.67
L.2L

.90

.50

.68

.s4

.83

.24
11. 70

3. 85
3.28
2.O9
L.43

14.90
6.34
5.70
r.47

.60

.69

.40

.38

.50

.30
2.6s
r.67
I .56

L2.26
s.46
2.7 4
3.47
1 .90
1.26
L.2B

.79

.79

.56

.s9

.33

.38

.28

.34

.30

.40

2.80
3.30
2.70

L2.70
46 .00
22.90
14.50
17.20
s.10
8.00
4.7A

20.40
22.30
28.50
16.10
10.90
9.40
2.00

.90
1. 10

.90
8.10

16 .00
23.80

.40

.30

.40

.40

.50
2.60
3.90
5 .00
7. B0

8.60
7 .LO
7 .40
6.40
3.40
L.70
3.00
1.10
1.00
1.00

.60

.20

.60

.30

.30

Level:

uean
baseline

Peak:

frequency
height
À value

3.2\
.92

3
L2.T5
Ll,.23

L.72
.47

4
5.75
s.2B

1.51
.55

L.69
1.53

L2.45
2.77

2

26.38
23.6r

2.67
.40

J
4.36
3. 81

3
6.13
4.60

1
8.60
8.20



Table 164. serum LH and testosterone profiles for Dorset ram llrr

Tes tos terone

r02

July October January April October April

LH

SampIe

1
2

J

4
5
6

7

B

9
10
11
a2
13
L4
15
16
t7
18
19
20
27
22
23
24

.43

.2I
L.2L

.9L
2.03
L.4B

.60

.51
6.L7
s.83

.42

.70

.73

.44

.47

.50

.40

.70

.53

.53

.18

.35

.34

.57

.66

.79

.36
5.s3
3.28
r.92

.4L

.L4
6.08
2.L5
1 .55
6.79
4.50

.14

.14

.14
1 .01

.7r

.40

.34

.30

.19

.2r

.29

.20

.49

.63
7 .L9
s.34
2.64
L.32
1.16

.80

.62

.51
7 .66
9.03
3.98
2.03
I .63

.86

.92

.48
.)a

.34

.62

.34

1.50
1 .40
L.20

.80
1 .60
3.70
7 .70
B. 90
8.00
5 .10
4.20
2.80
L.70
3.20
5 .60
8.00
6.s0
6 .50
5.70
r. B0
2.60
2.70
1.50
1. 30

3.09
L.32
7.5L
2.38
2.L7
L.34

L4.78
13. 31
6.6s
4.61,
2.39
2.32
I.23

2r.49
10.69
8.09

26.82
L3.4L

9 .35
8.33

18. 30
9 .ls

13. 01
7.83

L.70
2.50
3.40
7 .50
9 .80
9 .00

11.50
11. 30

7.80
5. B0
4.60
5 .00
6 .80
8.00
7. B0
7 .60
4.40
4.10
3. 30
6.10
5.10
4. s0
8.60
3. B0

Level:

rnean
baseline

Peak:

frequency
height
A value

L0.79
4.97

6

t6.99
11. 36

t.l0
.4L

4
2.53
2.LL

1.60
.2L

3
6 .13
5.92

2.06
.36

2

8.11
7 .75

6.25
3.53

4
8.55
5 .02

3.92
L.42

2

8.45
7 .03



Table l7A. senrm LH and test.osteïone profiles for Dorset ram llLZ

Tes tos terone

103

July October January April October April

LH

Sample

1
2

3
4
5
6
7

B

9

10
11
T2
13
14
15
L6
L7
1B
\9
20
2L
22
23
24

.96
1.32
1.56

.70

.70

.6s

.72
L.42
r.49

.7L

.84
1.05
L.40

.81
L.34
L.29
1.05

.59

.65
1.35
2.Is

"95
.68
.36

.44

.24

.L4

.35

.L4

.t4

.L4

.22

.74

.22

.r4

.L4
. .L4

.t4

.L4

.L4

.L4

.L4

.56

.47

.22

.4r
5.27
2.BL

.38

.23

.11

.L2

.30

.23

.11

.L2

.31
9 .15
3.05
1.58

.85

.60

.39

.26

.18

.17

.zo
7 .36
7 .26
3.39
1. B0
1.34

2.50
L.70
1.00
I .00
1.00
I .00

.80
I .00

.50

.10

.40
2.40
2.50
1. B0
1.50
L.20
I .10

.70
1.10

.50
1.50
5.20
6.20
6.30

.28

.35

.33

.35
8.77
6.57
3 .47
r.96
L.44

10.18
6.79
6.52
4.48
2.L4
7.57
1.05

.76

.86

.s4

.58
4.40
2.30
L.99
r.76

rr. 30
7 .LO
5 .90
s.40
8.00
9.50
6.20
3. B0
4.00
5.20
8.90
5.50
4.60
4.LO
3.40
3. 80
s .00
9.20

1,5.20
9.50
8.40

L2.LO
13.10
12.50

Level:

meart
baseline

Peak:

frequency
height
A value

2.89
.75

1.03
-74

5
1 .59

.85

.54

.L4
1.6s

.L4

2

7 .36
7 .22

7 .57
5 .00

4
11.68
6.68

L.79
.79

J
7 .78
6.93

I
5.27
5 .13

2
4.40
3.61
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Table 184. Serura LH and Eestosterone profÍles for Blackface ram ill3

Tes tos terone

Sample July October January April October Apríl

LH

1
2
ôJ

4
5
6
7

B

9
10
It
L2
13
L4
15
t6
T7
1B
L9
20
2L
22
23
21r

.1,4

.L4

.14

.14

.L4

.14

.14

.L4

.74

.L4

.14
4.3s
3.66
3.23
L.64
I.22

.94

.53

.28

.77

.14

.t4

.14

.14

.64

.50

.47

.54

.80

.59
L.23

.83

.56

.34

.92

.60
r.47

.44

.43

.23

.25

.67

.44

.32

.JJ

.19

.30

.42

.25

.70

.6r

.2L

.25

.14

.L4

.L4

.74

.t4

.14

.14

.t4

.14

.L4

.14

.L4

.14

.14

.L4

.t4
L.O7

.55
L.96

.11

.11

.11

.11

.11

.11

.11

.11

.11

.11

.11

.11

.11

.11

.11

.11

.11

.78

.4s
L.B7
L.02

.65

.7L
L.L4

7 .20
5 .10
5.30
2.80
2.50
3.20
4.60
6. B0

11.60
8.80
7 .30
7 .70
8.40
7 .40
B. BO

9.70
6.70
3. s0
3 .60
6.40
s .60
5.70
4.00
2.50

1.30
L.70

.80
1.00

.90
1.40
1.50

.90

.60

.60
1.00

.60

.90

.70

.70
1. 10
1. 30

.30

.40
2.50
5.20
6.70
7 .50
6.50

Level:

IDEAN

baselíne

Peak:

frequency
heÍght
A value

.76

.L4

1
4.35
4.2r

.56
"4L

4
r.07

.66

.JJ

.31
.35
.28

2

1. 33
r.05

6 .0s
3.6s

J

9.23
5.58

L.92
.93

J

L.24
.93

1

7 .50
6.57
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Table 194. Serr¡n LH and testosterone profÍles for Blackface ram lÍL4

TesLosterone

Sample July Octoh,er January April October April

LH

1
2
J

4
5
6

7
B

9

10
11
L2
13
T4
15
16
17
l-B
19
20
2L
22
23
24

.9r

.6s

.53

.47

.49

.28

.49

.32

.45

.36

.42
6.82
4.22
2.82
1.61
1.30

.94

.69

.36

.60

.40
"4r
.54
.35

L.L7
.45
.53
.52

1. 33
1.53
L.26

.89

.65

.51

.62

.45

.66

.63

.36

.49

.35

.54
L.96
7.87

.90

.58

.39

.6L

.Bl

.r4

.14

.L4

.L4

.L4

.L4

.14

.14

.L4

.L4

.L4

.L4

.14

.L4

.L4

.18

.54

.67

.77
2.I9
L.34
L.02

.78

.34

.35

.51

.57

.81
1.01

.87

.63

.73

.97

.96

.97

.98
4.76
2.37
r.76
1.33
1.18

.9L

.90

.78

.61

.61

.75

.20

.20

.10

.10

.10

.10

.30

.10

.80

.30

.80

.70

.90
2.50
2.60
4.L0
4.20
4.20
2.20
2.40

.40

.50

.40

.10

.10

.10

.10

.10
10 .10
15.70
6.10

11.50
9.60
5.60
1.50

.10
1. 30

.90

.10

.10

.10

.10
10. B0
19 .10
21. B0
29.20
18.40
10.90

Level:

mean
baseline

Peak:

frequency
height
Â value

1.10
.32

1
6.82
6.50

.80

.40
.43
.L4

1.07
.49

2
2.89
2.40

7 .28
.77

3
18.8
18.30

1 .00
?)

I
4.20
3.98

J
1.55
1.15

1
2.L9
2.05
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Table 204. Seruu LH and testosterone profiles for Blackface ram //15

Tes tos terone

Sanple July October January April October April

LH

1
2
3
4
5
6

7

B

9
10
11
L2
13
L4
15
L6
L7
t_B

79
20
2T
22
23
24

.26

.L4

.L4

.L4

.L4
8.59
4.39
L.63

.87

.63

.46
to

.26

.20

.29

.18
3.42
2.50
L.22

.7L
"55
.36
.33
.32

2.90
L.76
L.29
L.4s

.90
t.20

.90

.90
7.07
1. 51
4.94
2.82
1.78
r.42
2.34
2.0I
L.67
1. 40
1.51
2.82
1. 69

.90

.90

.90

.L4

.16

.14

.14

.L4

.L4

.L4

.r4

.L4

.L4

.L4

.L4

.L4

.14

.L4

.14

.L4

.14

.L4

.L4

.L4

.L4

.14

.r4

.78
L.20
1.18

.60

.15

.11

.15

.11

.11

.11

.11

.11

.11

.11

.11

.11

.11

.11

.18

.11

.46

.4r

.89

.s6

20.20
23.60
L7.90
10. B0
6.10
5.10
4.L0
2.70
4.40
4.20
5.10

20 .00
23.40
21. B0
11.30
6.80
2.30

L9.40
30.60

B. 90
19. 80
1_3.10
13.00
10.90

8.10
8.30
8.00
8. 40
7 .40
6 .10
3.40
2.30
1 .00

.80

.80
1.00

.80

.80
1.00

.80

.80

.80

.80

.90
1.40
1 .00
1.40
3. r0

Level:
mean
baseline

Peak:

frequency
heíght
Â value

.96

.16
1. 71
1.03

3
3.37
2.34

.L4

.L4
.35
.45

2

1. 0s
.60

12.73
4.43

2.BB
.94

2
6 .01
5.78

:
4

24.35
L9.92

1
8.40
7 .46
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Table 214. Serum LH and testosterone profíles for Blackface ram llL6

Tes tos terone

Sarnple July October January April October April

LH

I
2

3
4
5
6
7

B

9
10
11
L2
13
T4
15
16
17
1B
L9
20
2t
22
23
24

.74

.16

.14

.14

.L4
r.70
1. 6B

.99
3.58
1.61
1 .03

.86

.82

.63
1!2

.32

.91

.73

.27

.38
2.07
L.2T

.60

.65

1.07
.90
.90
.90
.90
.90
.90
.90

1.L4
.90
.90
.90

L.7 6

.90
2.06

.90

.90

.90
3.05
1.68
1. 16

.90

.90

.90

.L4

.L4

.L4

.14

.14

.L4

.L4

.L4

.L4

.L4

.L4

.L4

.L4

.L4

.14

.L4

.14

.L4

.14

.L4

.L4

.L4

.L4

.L4

.47

.L6

.tt

.11

.11

.11

.11

.11

.11

.11

.11

.11

.11

.11

.11

.11

.11

.11

.11

.11

.18
L.46
1.31
1.07

6.40
6.70
6 .00
3 .90
1.80
I .40
r.40

.90

.90

.60

.70

.50

.40

.10

.50

.50

.30

.20

.60

.70

.80

.60
1.50
3. 90

l-4.90
9 .00
8.00
4. B0
4.00
2.60
3.90
4.60
9.20

23.50
18. 90
17.90
L2.40
17. B0
20.50
30 .90
24.80
18.80
L3.70
29.20
L9.70
11.00
8.20
5.20

Level:
mean
baselÍne

Peak:

frequency
heÍght
A value

.88

.43
1. 13

.90

J

2.29
r. 39

.L4
-r4

.27

.11
13.90
6.97

L.72
.50

1
6.70
6.20

4
2.07
L.54

:
I

L.46
1. 35

3
27 .89
20.90
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TabLe 24A. Mean scrotal circumfeïence

Analysis of variance

Source df SS

Mean L 4479.28 4479.28

Breed (B) 3 13.95 4.65 L5.44*x

Error 11 3.3i- . 30

rvtò

TÍ¡ae (.T)

TxB

Error

29

87

319

L2.66

5.50

3.84

.44 36.26**

.06

.01

5.25*:'.

*:tP< ,01

Table 254. Mean body weight

Source

Analysts of variance

df SS MS

Mean L 4549497.L0 4549497.L0

Breed (B) 3 L72254.40 574L8.L3 44.h4x,u

Error 11 ]-42LL.Z9 IZ9L.94

Tírne (T)

TxB

Error

13 37684 "35 2898. B0 148.41**

39 2666.60

143 2793.20

68.37

19 .53

3.50'rx

*¡"P<.01
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Table 264. Mean serum LH concentration

Analysis of varíance

Source df SS

Mean

Breed (B)

Error

Time (T)

.TxB

Error

r 472.94 472.94

3 s6.91

1t

13

83.44

6s.43

L8.97

7 .59

5 .03

.96

.73

2.50

6.94*x

1.3339 37.s7

143 t-03.69

**P<.01

TabLe 27A. Mean serum T concentraËion

Analysis of variance

Source df SS FMS

Mean

Breed (B)

Error

Time (T)

TxB

Error

1 s357.59 s3s7.s9

3 27s.69

11 238.35

39 585. 83

L43 763.20

13 23L5.97 178.15 33.38**

91.90

2L.67

L5.02

5.34

4.24*

2 . B1**

*P<.05
**P<.01
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Table 284. Mean serum prolactin concentration

Analysis of variance

Source df SS MS

Mean

Breed (B)

Error

Time (T)

TxB

Error

1 688792.33 688792.33

3 7561.86 2s20.62

11 62307.20 5664.29

.4s

13 287433.2L 22LL0.25 21.35**

39 35158.95 901.s1

L43 r48L07.93 L035.72

.87

* *P<.05

Table 294. Mean serr¡m FSH concentration

AnalysÍs of variance

Source df SS

Mean L 44LL77.22 44LL77.22

Breed (B) 3 69633.62 232LI.2L 5.03*

Error 11 50784.96 4616.8I

MS

Tilte (T)

TIß

Error

13 42205.76 3246.60 7.57*

39 37077.5s 950.7L 2.22*

L43 61350.71 429.03

*P<.05
**P<.01
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Table 304. Serum LH-profile characteristics; mean levels

Analysis of variance

Source ð.f SS MS

Mean

Breed (B)

Error

Time (T)

Txts

Error

I 100.70 100.70

3 31.43 10.48

r.57

6.69*.r,

16.12 L3.76**

2.66

L.L7

2.27*

11

3

9

33

17.26

48.3s

23.93

38.64

*P<.05
?t*P<.01

Table 314. seruq LH-profile characteristlcs; baseline levels

Analysis of variance

Source df SS MS

Mean

Breed (B)

Error

Tiqe (T)

TxB

Error

1 11.68

3 3.96

11 2.58

3 1.81

9 3.L4

33 14.7L

11 .68

r.32

.23

.60

.35

.45

5 .63*

L.36

.78

*P<.05
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Table 324. Serum LH-profile characteristics; peak frequency

Analysis of variance

Source df SS FMS

Mean

Breed (B)

Error

Tíme (T)

TlrB

Error

1 .6s

3 .01

11 .03

3 .11

9 .02

33 .09

.65

.004

.oo2

.037

.o02

.003

L.79

13. B3*'"

.76

**P<.01

Tahle. 334. Serr:m LH-profÍle characterÍstics; peak height

AnaLysis of varÍance

Source df SS MS

Mean

Breed (B)

Error

Ti'me (T)

TxB

Error

3 191.09

7 54 -Os

9 72.30

2L 127.89

1 666.39 666.39

8.25,k

3 304.74 101.58 16.68rni

63.70

7 .72

8.03

6 .09

L.32

*P<.05
**P< 

" 01
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Table 344. Senn LH-profíle eharacteristics; delta values

Analysís of variance

Source df SS MS

Mean

Breed (B)

Error

Tine (T)

TxB

Error

3 149.49

7 4s.08

3 256.79

9 45.44

2L L2L.92

1 s 43.0s 543.0s

49.83

6.44

7 .7 4x*

85.60 ]-4.74**

s .05

5 .81

.87

*P< .05
**P<.01

Table 354. Serum testosterone-profile characteristics; mean levels

AnalysÍs of váriance

Source df SS MS

Mean

Breed (B)

Error

TÍ¡ce (T)

Txts

Error

1 16.6s

3 .70

9 L.28

I

3

9

8.37

.61

L.45

L6.65

.23

.L4

B. 37

.20

.16

1.63

50.58*"!

L.22

*P<.Otr
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Table 364. Serum testosterone-profíle characteristícs; baseline levels

Analysis of varlance

Source df SS F

Mean

Breed (B)

Error

Tine (T)

TxB

Error

1 3.08

3 .13

.67

L 2.04

11

3

11

.L2

.72

3.08

.04

.06

2.04

.o4

.07

.72

31.21*'*

.60

**P<.01

Table 374. Serum Ëestosterone-profile characterisËics; peak frequency

Analysis of variance

Source df SS FMS

Mean

Breed (B)

Error

Tine (T)

TxB

Error

1 .19s

3 .007

10 .007

I .043

3 .010

10 .011

.195

.002

.001

.043

.004

.001

3. 30

36. B0**

2.98

**P<.01
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Table 3BA. serr:m tesËosterone-profíle characteristics; peak height

Analysis of varÍance

Source df SS MS

Mean

Breed (B)

Error

Tine (T)

TxB

Error

L 72.33

3 1.63

10 L6.26

1 22.22

3 .69

10 15.63

72.33

.54

L.63

tt ))

.23

1.56

.33

L4.2L**

.15

**P< .01

Table 394. Serum tes.tosteïone-profile characterfsËlcs; delta values

Analysîs of vâriance

Source df SS MS

Mean

Breed (B)

Error

Ttne (T)

TxB

Error

L 46.72

3 L.49

10 14.45

L LT.27

3 .67

10 13.41

46.72

.50

L.4s

LL.27

.22

r.34

8.40*

.L7

-34

*P< -05
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Table 404. Mates per 4h

Analysis of variance

Source df SS

Mean I B 484.94 B4S4 .94

Breed (B) 3 13Lz.g6 437 .65 9. 36,rr

Error 11 514.44 46.77

MS

Tine (T)

TxB

Error

J

9

33

200.93

268.65

77L.BT

66 .98 2.86

29.85 r.2B

23.39

**P< .01

Table 414. Mounts per mate in 4h

Source

Analysis of variance

df SS MS

Mean

Breed (B)

Error

Tine (T)

T>ü

Error

3 62.35

11 179.44

9 5s.36

33 250.04

I 908.91 908.91

3 105 .23 35 .08

20.78

16.31

6 .1_5

7 .58

L.27

{. $Jx'.;

.81

**P<.01
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labLe 42A,. Daily sperm ourpur (x fO9)

Anâlysis of variance

Source df SS

Mean L 918.93 918.93

Breed (B) 3 196 . oo 65 . 33 13. o 7*,r

Error 11 55.00 5.00

MS

Tine (T)

TxB

Error

2 L24.63 62.32 9.32**

L.676 66.90

22 147.06

11.15

6 .68

* *P<.05


