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1. 

INTRODUCT I ON 

The produc t i v i ty of  the p i g  r an k s  h igh  whe n compar ed w i t h  other  

c l a sse s of  farm mamma l s . Reproduct ive pote nt ial  is  the mo st  impor t a n t  

fac tor contr i b u t i ng t o  total  mea t  prod uc t ion from the  spec i e s ,  and 

one wh i c h  i s  mar ke d l y  i n f luenced by hu sband r y  pr ac t ic e . 

Al t hough many con s ider the p ig not to be a sea sonal breede r  

d ue ma i n l y  t o  i t s  many year s o f  dome s t i c a t ion , i t  ha s recently  

become appa r e nt from seve r a l  ove r se a s  repor t s  that  t h i s  may no t be 

so , a r e d u c t ion i n  fer t i l i ty hav i ng been noted to occur  d ur i ng t he 

hot sea son o f  t he yea r . 

A l ac k  o f  compar able data  for New Zealand cond i t ions , whe re  

the  recent  moveme n t  o f  the  i ndu s t r y  toward s la rger and mor e  i n t e n s i ve 

e n ter pr i se s  ha s c r e a ted t he need for mor e  e f f ice n t  produc t ion , 

st imu l a ted the cond uc t of  t h i s  s t ud y . I t  wa s unde r taken  w i th the 

o bj ect i ve of de t e r m i n ing whe ther a sea sonal  t rend in p i g  produc t ion 

e x i sted in New Zealand , and i f  so , l i ke l y  cau sal fac tor s of t he 

var i a t i on . The stud y  compr i sed an ana l y s i s  o f  r ecor d s  col lec ted  

over a seven yea r  pe r iod in  one  he rd . 
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CHAPTER ONE 

REVI EW OF L I TERATURE 

FACTORS INFLUENCING SEASONAL VARIAT I ON 

IN REPRODUCTIVE PERFORMANCE WITH 

PARTI CULAR REFERENCE TO THE P I G  

I nt roduc t ion . 
. 

Env i ronmental  fac tor s a r e  k nown to influence sea sonal va r ia t i on 

i n  r eproduc t iv e  per formance both d i r ec tly  and ind i r ec t l y . L ight , 

amb i ent tempe r a tu r e  and other b iot ic fac tor s a r e  con s ider ed to have 

a d i rect  e f f ec t .  I nd i rect  e f f ec t s  o n  sea sona l var i a t ion o f  

r eproduc t ive per formance a r e  a ssumed po s s i bl e  through var i a t ion i n  

the  ac t iv i t y  o f  d i se a se produc ing organ i sms and immun i ty to  d i se a s e  

and in t h e  ac t iv it y  o f  cer ta i n  d ie t a r y  component s .  

A .  L igh t . 

( 1 )  Ba s ic Aspec ts . 

(a } Gener a l . Reproduc t ive per iod ic i t y  i s  l a r g e l y  d e t e r m i ned by 

l ight ; not a b l y  photoper iod .  The t im ing of t he br eed i ng sea son , 

t ermed mac r oper iod ic i ty ,  i s  i n f l uenced by photope r iod through chang e s  

i n  the sexu a l  r ec ep t i v i ty o f  both ma l e  and f emal e  membe r s  o f  ma ny 

dome s t i c  spec i e s . The se i nc lude the sheep , goat and hor se . P ig s  

a nd c a t t le a r e  l e s s  l iable  to exh ib i t  sea sonal var i a t ion  i n  

par tu r i t ion d a t e s  (Du t t , 1 9 6 0 ) . 
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Seasonal i t y  o f  r eproduc t ion i n  the mal e  i s  much l e s s  ma r k ed 

than in the f ema l e . Nev e r thel e s s , a g r ea t  deal  of i nforma t ion on 

th i s  subj ec t of the mamma l ian mal e  ha s been r epor ted by Asd e l l  ( 1 9 6 4 ) 

and pr e se nted  in  r ev iews by Or tavan t , Mau l eon and Th i ba u l t  ( 1 9 6 4 ) , 

Th i ba u l t  e t  a l . ( 19 6 6 )  and Lodge  and Sa l i sbu r y  ( 1 9 7 0 ) . 

The o e s t r u s  cyc l e  of  many dome st ic spec i e s  i s  a l so i n f l uenced 

by photope r iod . Such c hange s  a r e  often  t ermed mac rope r iod i c i ty .  

Compr ehen s ive  r ev i ews on the sea sona l i t y  of  oestrou s ac t iv i ty and 

the  ma t ing behav iour  of  dome s t i c  a n ima l s  have been comp i led by sev e r a l  

au thor s ( Or tava n t  e t  a l . , 1 9 6 4 ; Th i ba u l t  e t  al . ,  1 9 6 6  and Fr a se r , 

1 9 6 8 ) . 

The pr ec i s e  mechan i sms by wh ich  the annual  chang e s  i n  photop e r iod 

throughout the year  ac t to sync hron i s e  br eed ing c yc l e s  r ema in  lar g e ly 

unknown . I n  a study of  photoper iod ic  r eg u lat ion of  the  br e ed ing 

c yc l e  in hamst e r s ,  S t e t son , E l l iot  and Mena ker  ( 19 7 5 )  l i sted four 

po ss i ble  me thod s o f  photope r iod ic r eg u l a t ion.  Thu s the an ima l may 

mea sur e the  a bsol u t e  l eng th of e i th e r  the l ight  per iod or the da r k  

per iod to wh ich  i t  i s  exposed o r  the r a t i o  of  l ig h t  : da r k  per iod . 

Aga in ,  i t  may be gov e rned in  the r e spon se  to photoper iod by a 

c i r cad ium o sc i l l a t ion of  photosen s i t iv i ty .  

Bunn ing ( 1 9 6 7 ) postulated a mec han i sm to expl a i n  wha t m i g h t  

b e  r equ i r ed i f  m e r e  percept ion of  l ight  d id not prov ide  s u f f i c i ent 

i nforma t ion . He propo sed that the  mecha n i sm i s  d ependant on the 

ex i stenc e  o f  a c i rcad ium r hythm , on wh ich  the annu a l  sea sona l change 

ac t s  as  an  ent r a i n i ng agent - o f ten  t e rmed a Z e i tgebe r . Mena k e r  ( 1 97 1 ) , 

in  summa r i z i ng i nforma t iori on t h i s subj ec t con s idered tha t , " i n mo st  

of  t he photoper iod ic  systems whi c h  have  been inve st iga ted i n  some 
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de ta i l ,  the o r g a n i sm appea r s  to mea s u r e  daylength  not by e i th e r  the  

l ig h t  or dar k  pe r iod or  t he r a tio betwee n  them . Ra the r , they 

d i s t i ngu i sh be tween  induc t ive and non i nduc t ive  dayleng t h s  by a ss e s s i ng 

whe th e r  or not l ig h t  i s  pr esent  a t  a pa r t icular  pha se  po i n t  on an  

endog enou s c i r cad i um r hythm of  sens i t iv i ty to  i t s  induc t iv e  e f f ec t s " .  

Recent suppo r t  for the mec ha n i sm po stulated by Bunning ( 1 9 6 7 ) , 

a s  an  explanat ion for the cont r o l  of  a nnual  r hythms of r eproduc t ive 

ac t iv i ty in  b i rds , ha s come f r om Fa r ne r  and Lew i s  ( 1 9 7 3 ) ; Fol le t t  

( 1 9 7 3 ) ; Gwinner  ( 1 97 3 )  and Lof t s  and Lam ( 1 9 7 3 ) . 

( b ) Mechan i sms of  photoper iod ic con t r ol . Wh i l st the  photoper iod ic 

e f f ec t  is k nown to be impor tant in the cont rol and t im ing of  sexual 

and breed i ng c yc le s ,  it  is  not yet  c le a r  how the ex te r na l  photoge n i c  

in forma t ion i s  med ia t ed to t h e  a n ima l ' s  br a in .  

The i n t eg r i ty of  the  r ec t i na l  g a ng l ionic layer  o f  the eye , i s  

f u ndamental  for  l ig h t  t o  i n f l uence r eproduc t ive ac t iv i ty in  the  

f e r r et ( T homson , 1 9 5 1 ) . Such i n t eg r i ty is  cons ide r ed non-es sent i a l  

for  the med i a t ion of  the photope r iod ic e f f ect  in  some an ima l s . A 

c l a im by C r i tc h low ( 1 9 6 3 )  for the  ex i stenc e  of d i r ec t  r e c t i no

hypothalam i c  t r a c t s  i s  di spu ted by Hayhow et  al . ( 1 9 6 0 )  and N a u t a  ( 1 9 6 3 ) . 

Ganong e t  a l . ( 1 9 6 3 ) proposed t ha t  l ig h t  may pene t r a t e  the  s k u l l  o f  

t he dog , sheep , r abbi t  and r a t , ther eby act iva t i ng t h e  centr a l  n e r vo u s  

system . 

The p i ne a l  g land may po s s e s s  t he a b i l ity  to con t r o l  or  modu l a t e  

seasona l r eproduc t ive  r hythms i n  photo sens i t ive a n ima l s  ( Re i te r , 1 9 7 3 , 

1 9 7 4 , 1 9 7 6 ) . The mode of  act i on o f  t h i s  g land ,  a s  a po s s i bl e  mod i f i e r  

of  the hypothalmo - hypophyse a l  - g onada l ax i s  in  t h e  med i a t ion o f  

r eproduc t iv e  r e spon s e s  t o  photoper iodic  s t imu l i  i s  cons ide r ed to be 

by the sec r e t ion of  ant igonada l compou nds . 
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In r ev i ews by Amo r o so and Mar sha l l  ( 1 9 60 )  and Fa r n e r  ( 1 9 61 ) , 

i t  i s  sug g e sted tha t , a lthough the  r eproduc t ive system o f  the  f e r r e t  

r e sponded when i t  had r ec e ived su f f i c i ent l ight  expo su r e ,  the  

inte rven ing per i ods o f  da r kness  wer e  equa l l y  impo r tant i n  the  

phot ic con t r o l  of  annu a l  endocr ine  r hythms . A mor e  compr ehens ive 

r ev iew of the  po ss i ble  mecha n i sms for pho t ic cont r o l  of annua l 

endoc r ine r hythms in  mamma l s  i s  g iven by Wu r tman ( 1 9 67 ) . 

De sp i t e  nume r o u s  i nvest igat ions by d i f f e r ent wor k e r s ,  many 

que st ions r e l a t ing to the mechanism of l ig h t  act ion on va r ia t ions i n  

r eproduct ive  ac t iv i ty i n  an ima l s  st i ll r ema in unan swe r ed .  These  

have  been  ou t l i ne� by  Bowman ( 1 9 7 3 )  and i nclude the  qu e s t ion of  

whether  photoper iodic c hang e s  a r e  st imu l a tory ,  i n h i bi t o r y  or  both . 

No explanat ion has  yet  been agr e ed upon a s  to why ,  many a n ima l s ,  

fol lowing expo su r e  to e i ther  cont i nuous l ight  or da r k  t r e a tment , 

exhibi t  a r e f r ac t o r y  pe r iod in t he i r  r e-establ i s hment of  normal 

c yc l ical  ac t iv i ty . 

In r ev iews by Amoroso and Ma r sha l l  ( 1 960 ) and Wu r tman ( 1 9 67 ) 

expe r iment s a r e  c it ed wher e  d i r ec t  i n f l uenc e s  on endoc r ine f u nc t ion 

a r i se f r om l ight  per se  and not f r om ind i r ec t  i n f l uenc e s  such as 

mu scu l a r  ac t iv i t y , wa k e f u l n e s s  and f eed i ng habi t s . Neve r thele s s , 

ind i r ec t  i n f l u enc e s  mu st be bor ne in  m i nd when exper iment s  i nvolv i ng 

l ight ing e f f e c t s  a r e  be ing eva l u a t ed . 

( c )  Photope r iod ic e f fect  on hormona l cyc le s . The annu a l  c yc le o f  

p i tu i t ar y  gonado t r oph in  hormone r el ea s ed and the  gonadal development 

o f  numer o u s  mamma l ian  spec i e s , is  dependant upon photoper iod ic 

informa t ion ( va n  T ie nhoven , 1 9 68 ;  Lodge and Sal i sbur y ,  1 9 7 0 , Dav i s  

and Meye r , 1 97 2 ;  B e r ndt son a nd D e s j a r d i ns , 1 97 4 ;  Tur e k  e t  a l . ,  

1 9 7 5 ) . 
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The many inv e s t i g a t ions conduc ted w i t h  sheep to study c hange s  

in  g onadotroph i n  l ev e l s  have i nvolved compa r i sons be tween  anoe strou s  

ewe s and cyc l ing ewe s ,  r a ther than be tween ewes du r ing t he br eeding 

and non-br eed ing sea son s . Re sul t s  frpm such exper ime n t s  have been 

con f l ic t ing . Kammlade et  al . ( 1 9 5 2 )  r epor ted h ig h e r  p i t u i ta r y  

gonadotrophin leve l s  dur ing t he non-br e eding season in  ewes ,  wh i l e  

Lammond, Radford and Wal lace ( 1 9 5 9 )  wer e  unable  to dupl i c a t e  th i s  

r e su l t . Jac k son e t  a l . ( 1 971 ) r epor ted that anoestr um in  the  ewe 

i s  not r ela ted to a n  absence of  gonado t r ophin r el e a s i ng hormone in  

the  hypothalamu s ,  but to the absence o f  a signal for i t s  r el e a s e . 

De f i n i te sea�onal c hange s  i n  p i t u i ta r y  lute n i z ing hormone ( LH )  

l ev e l s  occu r  i n  Ile-de-Fr anc e  r ams ; w i th pea k l eve l s  occu r ing dur ing 

summer  and lowe r leve l s  in winter  months  ( Th i ba u l t  et a l . ,  1 9 6 6 ) . 

In the  same study the se  author s r epor ted sim i lar  pa t t e r n s  for foll ic l e  

st imulat ing hormone ( FSH ) l eve l s ,  w i t h  an ext r a  p e a k  du r ing the  w i n t e r  

mon t h s . T h e  inc r ea se i n  LH ou tpu t obser ved in r ams a t  the  on set  

o f  the  br e ed ing season i s  con s ider ed by Shor t ( 1 973 ) to be due to  

an  inc r ea s e  i n  the  f r equency of d i sc ha r g e  r a ther  than any change 

i n  the amp l i t ude o f  t he pea k s . U s i ng d i f fer e nt breed o f  r ams, 

o t h e r  wor ke r s have p r ov ided ev idenc e to suppor t· the  theor y ;  they 

include Sanford, Palmer  and Howland , ( 1 974a ) ; Katong a l e  et  a l . ( 1 974) 

and Hoche r ean-de Rev ie r s ,  Lo i r  and P e l l e t i e r  ( 1 976 ) . The mag n i tude 

of sea sona l f l uc tu a t ions in ser um LH leve l s  may be i n f l uenced by the  

b r e ed of  ram ( Sanford e t  a l . ,  1 974a ) . 

Many wor k e r s have r epo r ted e l evat ions of pla sma androgen  l eve l s  

i n  ma l e s  of  a number o f  di f f e r ent  spec i e s  dur i ng the i r  b r e eding 

s e a son ( Be r nd t son , P ic kett  and N e t t , 1 974; McM i l l in e t  a l . ,  1 974 ; 

Plant  e t  a l . ,  1 974; . ; 
G 1men e z  e t  a l . ,  1 975 and Mi r a r c h i  e t  a l . ,  1 975 ) . 



7 . 

Pla sma t e s to s t e r one  l ev e l s  i n  r ams , inc r ea s e  du r ing , o r  shor t l y  

be fo r e  t h e  breed i ng sea son t o  exc e ed the  l e v e l s  dur ing t h e  r ema inder 

of  the  year (Gome s and Joyce , 19 7 3 ; Sandfor d  e t  a l . ,  1 9 7 4 a: 

Sandfo r d  e t  al . , 1 974b ) . 

(d )  Summary. P hotope r iod ic i t y  h a s  a d i r ec t  role in the indu c t ion 

of r epr oduc t ive ac t iv it y  in many l ive stoc k  spec ies . The on s e t  o f  

br e ed i ng in s h e e p  i s  the most not ably affected b y  photope r iod ; 

leng t hened hou r s of dayl ight  i n i t ia t e s  i t s  r eprodu c t ive c yc le . 

Desp i t e  knowledg e of  the impo r tance of  photope r iod in  the r eg u l a t ion 

of br e eding pa t t er n s , muc h cont r over sy r ema ins  as  to the  expla na t ion 

of t h e  mechan i sm s  i nvolved in c r ea t i ng the  c hang e s  that  a r e  brought  

abo u t  w i t h  change s  in  photope r iod . 

(2 ) Br eeding P ig P e r formanc e . 

( a )  Gene r a l . Or tavant e t  a l . ( 1 9 64)  i n  t he i r  r ev iew on sea sona l i ty 

of  r eproduc t ion in  dome s t ic spec i e s  c ategor i z ed pig s a long w i th c a t t l e , 

bu f f a lo and r abbi t s  i nto a g roup who se  long dome s t icat ion had cau sed 

the i r  sens i t iv i ty to photope r iodic s t imu l a t ion to l e ssen . It  has  

been sug g e sted tha t shor t dayl eng th a s soc ia ted w i th h ig h e r  l a t i tud e s , 

e spec ially  du r i ng w i n t e r , ma y inf luenc e  the  r eproduct ive  per formance 

o f  t h e  sow ( Hanbi kov , 1 9 6 8 ) . Nume ro u s  s t udies  ( U r ban e t  a l . , 1 9 6 6 ; 

S t r ang , 1 970 and Randa l l  and Penny , 1 970 ) conduc t ed to i nv e s t igate  

such  sugg e st ions have  produc ed con f l i c t i ng and i nconc l u s ive  r e sul t s  

i n  the  sow whe r e  c le a r  sea sonal fluctuat ion i n  r eprodu c t ive  per forma nc e  

wa s found , howeve r , t h i s  appear s  t o  b e  a s soc iated wi th  o t h e r  fac tor s 

such  a s  ambi e n t  t empe r a t u r e . 

( b ) Atta inment o f  pube r ty.  Repor t s  on l ig h t i ng and onset  o f  pube r ty 

in the  g i l t  t e nd to con f lic t ;  in some c a s e s  dar kn e s s  i s  r epor ted 
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to be  a s soc ia ted w i t h  a delay in  atta i nment of pube r ty and i n  othe r s  

a n  advanc ement ( Table  1 . 1 ) . Extended day l e ngth  dec r ea sed a g e  a t  

pu be r ty i n  the t r i a l s  o f  Mar t inat  e t  a l . ( 1 970 ) and Hac k e r  e t  a l .  

( 1 976 ) , wher ea s  Dufour  and B e r nard ( 1 9 6 8 )  have r epor ted that  g i l t s  

r a i sed i n  tota l dar kn e s s  a t ta i ned pube r ty s ig n i f ican t l y  e a r l i e r  

than tho se  kept unde r norma l dayl ight  cond i t ion s . Th i s  i s  i n  con t r a s t  

t o  t h e  f inding s of  Hac k e r  e t  a l . ( 1 974 ) whe r e  g i l t s  ma inta i ned under 

cond i t ions of norma l dayl ight  a t ta ined pube r ty ea r l i e r  than t ho s e  

k ept  u nder 2 4  hou r s o f  dar kne s s . 

C l ea r ly the r e  be ing no agr eement be tween the r e s u l t s  o f  t h e  

a bove ment ioned stud ie s ,  i t  i s  impo s s ible  to come t o  a dec i s ion on t h e  

" idea l "  l ighting r eg ime f o r  a t t a i nment of  sexual ma tu r i ty .  I n  v iew 

o f  the fact  that it is  the  chang ing photope r iod ic i n t e rval  wh ich  

plays such a dominant par t in  s t imul a t i ng t he on set  o f  o e s t r u s  in  the 

ewe , fu r ther  wor k  on t h i s  a spec t wou ld s e em de s i r a bl e . 

( c )  Oestrou s  behav iou r .  The r e  i s  l i t t l e  informat ion on the  i n f l u ence 

of  l ig ht i ng r eg ime on t he oe strous  c yc l e . An inc r ea se in  the  

propo r t ion of sows exh i b i t ing prolonged oe s t r u s  wa s obser v ed by 

B e l j aev , Klockov and Kockova ( 1 9 6 8 )  in  a g roup of  sows expo sed to 

add i t ional l ight i ng per iods at the t ime of ma t ing , when compa r ed to 

cont r o l s  kept under  a na t u r a l  dayleng th  r eg ime . Klochkov �t a l. ( 1 971 ) 

r epor ted tha t the  s t r eng t h  of  o e s t r u s  i n  g i l t s  wa s i n t e n s i f i ed by 

supplementa r y  l ig h t ing ( 17 hou r s per day ) . Conve r se l y , i nve s t ig a t ions 

by van Putten  (1 9 6 5) o f  factor s i n f l u enc i ng the ext er na l  s ig ns of  

o e s t r u s ,  showed that  o e s t r u s  tended to be  expr e s sed mor e  c l e a r l y  in  

w i nt e r  t han i n  summe r .  The r el a t ions h i p  between the  l ig h t  p e r i od and 

inten s i ty of oe s t r u s  r ema i n s  que s t ionabl e . 

( d )  Ovulat ion r a t e . Wadd i l , Chaney and Dutt ( 1 9 6 8 )  r epor ted tha t 

when a g roup of  Yor k s h i r e  g i l t s  wer e  k ept  i n  a s i tu a t ion  o f  c on t inuou s 



TABLE lMl ATTAINMENT OF PUBERTY IN GILTS KEPT UNDER D IFFERENT L IGHT ING REG IMES 

TREATMENT NUMBER OF G ILTS AG E ( DAYS ) WE IGHT ( KG )  REFERENCE 

Normal Day L ight  6 2 0 7 . 0 + 2 . 2  9 3 . 0  + 6 . 8  Du four and Ber nard ( 1 9 6 8 ) 

2 3 h r  dar k + lhr  l ig h t  8 1 9 1 . 1  + 3 . 2  9 2 . 6  + 2 . 7 11 11 11 

As above - l ig h t  8 2 1 9 . 3  + 8 . 3 1 1 0 . 8  + 5 . 2  11 11 11 
. 

As a bove - dar k 8 2 0 8 . 3  + 7 . 8  1 0 6 . 0  + 2 . 9  11 11 11 

As above - l ig h t  4 1 9 0 . 5  + 2 . 1 1 0 8 . 7  + 7 . 2 11 11 11 

As a bove - dar k 4 1 8 9 . 3  + 2 . 0  1 0 2 . 2  + 3 . 4 11 11 11 

As  above - l ig h t  4 2 1 0 . 8  + 2 . 4 9 9 . 0  + 2 . 0  11 11 11 

As above - dar k 3 2 1 0 . 0  + 1 . 0  97 . 8  + 9 . 2  11 11 11 

1 2  h r  l ig h t  16  1 8 3  - Hac ker  e t  al . ,  1974 

2 4  hr  dar k 16  2 2 2  11 11 11 
-

2 4  h r  l ig h t  6 9  2 8 5 . 1  + 10 . 1  1 1 2 . 8  + 2 . 3  Mar t inat et  a l .  ( 1 970 ) 
. 

D a y l i g h t  5 3  2 9 3 . 2  + 1 1 . 0  114 . 2 + 3 . 1 11 11 11 

24  h r  l ig h t  1 9  2 5 3 . 0  + 7 . 4  - 11 11 11 

Day l ight  2 8  2 61 . 0  + 6 . 9  - 11 11 11 

6 h r  l ig h t  1 6  2 3 2  - Hac ker  e t  a l . ( 1 976 ) 
1 8  h r  l ig h t  1 6  1 9 0  - 11 11 11 

1.(. 
. 
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l ight  for  one complete  oe strous  c yc l e  pr ior  to mat i ng , the i r  ave r a g e  

ovu l ation r a te wa s a lmost iden t i c a l  t o  t h a t  o f  con t r o l s  k ept u nder 

normal , spr ingt ime dayl ight  condit ions . Howeve r , the  number o f  pig s 

involved i n  the t r ial  wa s sma l l  ( 1 0  per g roup) , the  dur a t ion sho r t 

and the r e  we r e  s ig n i f icant between-year d i f f e r enc e s  in  ovum 

produc t ion . Hac k e r  et a l . ( 1 976 ) a l so r epor ted no s ig n i f icant  

e f fect  o f  supplementary  l ight ing on ovu l a t ion rate  in  g i l t s . N either 

doe s  the r e  appea r  to be any s ig n i f icant e f f ec t  on  ovu l a t ion r a t e  of  

accommoda t i ng g i l t s  in comple t e  da r kness , compa r ed with  normal 

dayl ight  ( Dufou r and B e r na r d ,  1 9 6 8 ) or  1 2  hou r  l ig h t  per day ( Hac k e r  

e t  a l . ,  1 974) . 

From the scant ev idenc e ava i labl e  i t  wou ld appe a r  tha t photope r iod 

i s  unl i k e l y  to produc e  any s ig n i f icant inc r ease  in ovu lat ion  r a t e . 

Mor e wor k  i s  obv iously r equ i r ed befor e de f in i te  conc l u s ions can  be 

dr awn . In a r epor t  by K lo�kova , Rogov and Emme ( 1 9 6 1 ) , it wa s noted 

tha t in a group of  g il t s  expo sed to a lengthened daily photope r iod 

r eg ime ( 1 8  hou r s )  ovar ian  we ight , the number of f r e s h  corpo r a  l u t e a  

and fol lic le  number and s i z e  wer e  g r ea t e r  than i n  a g roup o f  s im i l a r ly  
V 

br ed g i l t s  expo sed to da i ly l ig h t  per iods o f  onl y  s i x  hou r s .  S u r mu h i n  

and Ce r emnyh ( 1 970 ) r epor t ed a n  inc r ea se follic l e  volume f o r  young 

g rowing g il t s  ( 3 . 5  to 9 months  o f  age ) exposed to leng thened 

photoperiod ( g r eater  than natur a l  dayleng th  by fou r hour s )  compa r ed 

with  a g roup s u bj ect  to per iods of  l ight  four hou r s l e s s  than na tu r a l  

dayleng t h . The  r epor t  o f  i nc r ea sed corpo r a  l u t ea we ight s due to 

inc r ea sed photoperiod r eg ime s wa s substant ia t ed i n  a study by B e l j a ev 

e t  a l . ( 1 9 6 8 ) . They r epor ted s ignificantly  heav i e r  corpo r a  l u t ea 

weig h t s  by day 2 5  of pr egnancy for sows exposed to inc r ea s ed l ig h ting 

r e gime s  when compar ed to con t r o l s .  Shor tened photoperiod may 

t he r e fo r e  r e su l t  in r educed numbe r s  of  follic l e s  and the size o f  t hem . 
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( e )  Embryonic  mor ta l i ty. Many wor k e r s have r epor ted a r ange i n  

l i tt e r  s i z e a t  b i r th accor d ing t o  the l ig h t i ng reg ime under  wh i c h  

t h e  p ig s  wer e  hou sed a t  mat i ng and d u r i ng t h e  i n i t i a l  pha s e  o f  

g e stat ion . 

In s t ud i e s  conduc ted ove r  sever a l  yea r s  i n  S i be r ia (Novos i b i r sk 

l a t i tude 5 5
° Nor t h ) , Klo�hkov e t  al . (19 71) r epor ted r e sponse s 

to inc r ea sed l ig h t i ng r eg ime s  to wh ich  g i l t s  wer e  exposed . A l t hough 

only sl i g ht improvements  i n  ovu lat ion r a t e s  wer e  r epor ted whe n  the  

g ilt s wer e  subj e c t ed to  the  inc r ea s ed l ig h t ing r eg ime for  1 0  to  20  days 

befor e o e s t r u s ,  when the t r ea tment wa s cont i nued a f t e r  ma t i ng i n to 

pr egnanc y , con s i s tent inc r ea se s  both  i n  the  number of  embryos  a t  

2 5  day s , and i n  t he numbe r o f  p i g l e t s  bor n  a t  term  wer e  found . The 

non-s ign i f icant  i nc r ease  in  ovu l a t ion r a t e  wa s in accor dance w i th the 

obse r v a t ions  of  Wadd il , Chaney and Du tt  (19 6 8) ,  a l t hough the d e s ign 

of the i r  t r i a l  is  subj ect  to the  r e se r v a t ions a l r e ady ment ioned . In  

summa r i z ing the  f ind ing s  a t  a mor e  r ecent  study , Klo�hkov e t  a l . 

(19 7 5) sta t ed tha t " l i t t e r  s i z e  a t  b i r th wa s a lway s  l e s s  on na t u r a l  

dayl i g h t  t han o n  t h e  inc r e a sed l ig h t i ng r eg ime s " . The  ea r l i e r  

f ind i ng s  o f  B elj aev e t  a l . (19 6 8 ) ;  Kloc kov and Kloc kova (19 6 9) 

and Klochk ov e t  al . (19 71) su bstant i a t e  t h i s  c l a im .  Howev e r , in  the  

t r i a l  o f  B e l j aev , Klo6kov and Klo� kova (19 6 9) ,  the  s i ze of l i t t e r s  

bor n e  t o  o lder  sows ( 3-4 yea r s )  was not inc r e ased b y  an inc r ea sed 

l ig h t  t r e a tmen t .  Age o f  the  sow may the r e for e i n f l u ence the e f fec t 

of t h e  l ight ing r eg ime on the  l i t t e r  s i z e . 

The  inc r ea s e  in l i t t e r  s i z e  of  young sows ( l e s s  than 3 year s 

of age )  by inc r eased l ig h t ing r eg imes was con s i de r ed to be  due to a 

dec r e a s e  in embryon ic mor tal i t y  dur ing the  e a r l y  s tage s o f  g e stat ion . 

L i t t e r  s i z e  was inc r e a sed by 1 . 7  - 2 . 0  p i g s  per  l i t t e r , by add i t ional  
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l ig h t ing ( 17 hou r s  o r  cont inuou s l um in a t ion ) du r ing the  f i r s t 40 

days of g e s t a t ion and by 0 . 8  - 3 . 0  p i g l e t s  pe r l i t t e r , by add i t ional 

l ig h t  from m a t ing thr ough to day 40 of pr egnancy ( B e ljaev , Klockov 

and Klo�kova , 1 9 6 9 ) .  A g r oup of  sows , in the same study , k ept  at 

a 17 hou r d a i l y  photope r iod th roug hou t g e s tat ion , had an inc r ease  

o f  10-2 0 %  i n  the numbe r of  wel l  developed pigl ets  in  the i r  l i t t er s ,  

and a dec r ea s ed number  of s t i l l  bor n  and weak pigl e t s . 

Al though conf i rma t ion and ampl i f icat ion of the  r e s u l t s  obta ined 

by Beljaev , Klo�kov and Klo�kova ( 1 9 6 9 ) ;  Klothkov e t  al . ( 1 971 ) ; 

S teger e t  al . ( 1 971 ) and othe r s  i s  u r g e n t ly needed , the i r  f ind ing s  

do prov ide the  bas i s  for tentat ive  r ecommenda t ions ; when w inter  

days are  shor t and/or bu i ld i ng s pr event a good supply of  natur al 

l ight r each ing the pigs , then ar t i f ic i al l ight  shou ld be pr ov ided 

to ensur e appr ox ima tely 17 hou r s  o f  l ig h t  daily , e spe c i a l l y  for g i l t s 

and sows jus t  pr ior  to serv ice , and ma intained for a t  l e a s t  the 

f i r s t 40 days of the ir  pr egn anc i e s . 

( f ) Body we igh t change s .  In a s t udy w i th g r owing p i g s  f r om 3 . 5  to 

9 months  o f  age , Su rmuh in and Ce r emnyh ( 1 970 ) found no s ig n i f icant  

e ffect on  body we ight or  on the  we ight  of g ene t a l i a  und e r  l ig h t  

r eg ime s  o f  natur al  dayleng th , 4 hou r s  l e s s  than natu r a l  daylength 

or 4 hou r s  longe r  than na t u r al daylength . 

(g) Conc ept ion r ate . In a 1 0  year  study by Kloch kov e t  al . ( 1 975 ) , 

g i l t s  ( No r th S i be r ian (NS ) , Lacombe x NS  and Landr ace x NS ) expo s ed 

to e i t h e r  an inc r eased ( 17 hou r ) o r  cont inuou s l ig h t ing f r om wea n i ng 

unt i l  pube r ty ,  exh i b i t ed an inc r e a s e  in f a r r ow ing r at e  compar ed w i th  

con t r o l s  k ept  under natu r al day l ight  cond i t ion s , with  t he exc ept i on 

of one  year  when in fact f a r r ow ing r at e  was lower  for  g i l t s  under  

the  17 hour  o r  con t i nuou s l ig h t ing r eg ime s .  
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( h) Semen char ac t e r i s t ics  and l ib ido. To date l i t t l e  i n format ion 

ex i s t s  in the l i te r atur e  on the e f f ect  of photope r iod i c i ty on 

r eproduc t ive per formanc e of the boa r . It was sugge s ted by J a u s s iaux 

( 1 9 64) , that daylength dur ing summer  i n f l uences boar semen 

product ion . An un favour able inter act ion be tween inc r e a s ed 

photope r iod i sm and tempe r atu r e ,  on boar s emen characte r i s t i c s  was 

r epor ted by Ma z z a r i ,  du Me sn il  du B u i sson and Or tavant ( 1 9 6 8 ) .  Spe rm 

output , spe rm  mot i l i ty and far r owing r a te to such semen a r e  s ev er e ly 

dep r e s s ed when  boa r s  ar e subm i t ted to h igh  summer tempe r atu r e s  

(3 5
°

C) under  long days ( 1 6  hou r s  o f  l ig h t  pe r day) . 

The  r ep r oduc t �ve per formanc e o f  the boar i s  a l so thoug h t  to be 

affec ted by a r educ t ion in  da i l y  photope r iod ( S teg e r  et  al. , 1 971 ) . 

The y  repor ted a r educ t ion in l ib ido , and a decl ine  in  s emen qua l ity . 

Ejaculate  volume , spe rm concent r a t ion, mot i l ity and the pe r c entag e  

of  norma l spermatozoa we r e  a l l  adve r se ly a f fec ted b y  a r educ t ion in  

dayleng th . 

B. Amb i en t  Tempe r atur e 

( 1 )  B a s i c  Aspects. 

( a )  Gener al . The t h r e e  ma in  cl ima t ic fac tor s wh ich cont r ibute 

d i r ec t ly to the  sense  o f  env i r onmental  comfor t are  amb ient  tempe r atur e ,  

humid i ty and a i r speed , but o f  these  amb ient  tempe r atur e i s  the ma i n  

determ inant , and t h e  most  closely  stud i ed in r e lat ion t o  r eproduc t ive  

d i sorde r s . Howeve r ,  many othe r facto r s  play a seconda r y  role , so  

it  mu st  be  bor ne i n  mind when evalua t ing exper imen t a l  f i nd ing s that  

i t  is  se ldom poss i b l e  to cons ider  a i r  tempe r a tu r e  i n  i so l a t ion . 

The a f fec t that a h ig h  amb i ent  t empe r a t u r e  has  on s easonal 
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va r i a t ion in  r eprodu c t ive per formanc e var i e s  according to  spec i e s , 

pe r i od of  expo s u r e ,  g e s tat ion length , s tage o f  pr egnanc y and t h e  

magn i t ude o f  t emper at u r e  e l evat ion ( Ha fez , 1 9 64) . 

Elevated env i r onmental temper a t u r e s ,  often be low the  upp e r  

c r i t ical l im i t  of  the  an imaYs the rmone u t r a l  zone , c a n  c a u s e  a 

dec l ine i n  r eproduc t ive  e f f i c i ency . Such r educ t ions in  r e pr oduct ive 

e f f ic i ency may occur  in  e i th e r  the  ma l e  or  fema l e  throug h dec r eased 

game togen e s i s  ( Chowdh u r y  and Ste inbe rg e r , 1 9 64) , l i b ido ( S te inbach , 

1 972 ) , oe s t r u s  behav iour  ( S te inbach , 1 971 ) , concept ion r a te  

(Mad� i r ov e t  al . ,  1973 ) , f e r t i l izat ion ( Al l i ston and Ul b e r g , 1 9 6 1 ) , 

implantat ion ( Omtvedt e t  al . ,  1 971 ) , emb r yonic s u r v i v a l  ( Be l lv � , 

1 973 ) , g e s t a t ion l ength  and mo the r ing a b i l i ty ( S te inbach , 1 971 ) a s  we l l  

a s  inc r e a sed dys toc i a  ( Brown e t  al . ,  1 977 ) . 

In  con t r a s t  to the  e f fec ts  o f  e l evat ions of  env i r onme n t a l  

temper atur e ,  expo su r e  t o  t empe r a t u r e s  a t  t h e  lower c r i t ic a l  

the rmone u t r a l  zone h a s  l i t t l e  or  no d i r ect  harmful a f f e c t  o n  

r ep r oduct ion in farm  a n ima l s  ( Fa u l k ne r  e t  a l . , 1 9 67 ) . T h e  s ame 

wor ke r s  a l so r epo r t ed that only und e r  ext r eme cond i t ions whe n  Canad i an 

bu l l s  suffe r ed sc rotal  f r ost b i t e  was the i r  r eprodu c t ive  per formance 

impa i r ed .  

Compr ehens ive r ev iews on the  e ff e c t s  of  a i r  t empe r a tur e on 

mamma l i an r ep r odu c t ion a r e  g iven by Du t t  ( 1 9 6 0 ) and van  Dema r k  and 

F r e e  ( 1 970 ) .  

( b )  Cr i t ic a l  pe r iods .  The t h r e e  c r i t i c a l  pe r iods i n  r e spect  of  

t h e  inf l uence  o f  amb ient  temp e r a t u r e on r eproduc t ion in  the  f emal e  

a r e  p r e -ma t ing , implantat ion and mid-g e s t a t ion . 

( i )  Pr ema t ing .  F r om t h e  comm encemen t  of  oes t r u s  un til the  ova pas s  
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down the  f a l lop ian  tubes to the  u t e r o- tubule  j unct ion , i s  the  

pe r iod cons ide r ed mos t  su scept ible  to heat  s t ress  pr ior  to ma t ing 

( Ye a te s , 19 5 3 ; Al l i s ton and Ulber g , 19 61 ; Dutt , 19 6 3 ; 19 6 4 ; 

Thwa i t e s , 19 6 7 ; 19 6 8 ). Exposu r e  to e levat ions in mean da i ly 

amb ient  temper a tu r e  dur i ng t h i s  per iod , often  r esul ts  in  an inc r e as ed 

propor t ion of a bnorma l ova shed , a decr e a s e  in  fer t i l i z at ion r at e  

( Al l i s ton and U l be r g ,  19 61) and a n  i nc r e a s e  in emb r yon ic d e a t h s  ear ly 

in  ge s t a t ion ( E l l io t t  and Ulber g, 19 7 1). 

Al l i s ton and U l be r g  (19 61) u s ing embr yo t r a n s f e r  techn iqu e s  

w i th heat  s t r e s sed ewes , r epor ted a lowe r ed fer t l i z a t ion r ate  in  those 

subj ec ted to e levated env i ronmental  t empe r atures  ( 2 0  and 3 0
°

C) f ive 

days pr ior to oes t r u s .  They g ave no expl anat ion of the phys iolog ical  

mecha n i sm involved . The fer t i l i z a t ion f a i l u r e  m i g h t  for i n s t ance , 

be due to the inab i l ity of spe rm to pene t r ate  the ovum o r  to 

the e f fect  of the u ter u s  on the sperm a f t e r  its depos i t ion in  the 

fema l e  r eproduc t ive tr act . A fur t h e r  sugg e s t ion conc e r n i ng a lt e r a t ion 

of  the t iming o f  oe s t r u s  or  ovu l a t ion r a te  by e leva t ed amb i e n t  

tempe r atur e ,  i s  t h a t  i t  may r esul t f r om change s i n  t h e  p i t u i t a r y  -

adr e nocor t ic a l  syst em , or  f r om the r e l e a s e  of adr enoco r t ico t r oph ic 

hormone ( ACTH) ( Sm i th and Smi th , 19 5 2). The cumu l a t ive e f fe c t  is  

thought  l ike ly  to be  dependant on  the  c r i t ical t iming of  the  s t r e s s , 

and on genotype , h ab i tuat ion and other  envi ronme n t a l  fac tor s such 

a s  nutr i t iona l  s ta t u s  ( Al l i s ton and Ulbe rg ,  19 61) . In the  s ame 

s t udy the wor k e r s  obs e rved no s ig n i f i c ant  d i f f e r ence in ova and emb r yo 

mor pholog ical  s t r uctur e between the  two t empe r a t u r e  g roups . The 

d i f f e r ence in embryon ic death r at e  between the two g r oups was 

s ig n i f icant howeve r , de spite  no appar en t  damage at  the  t ime o f  

t r an s fe r . I t  was also not ed that  damage wa s not con f i n ed to  the  f i r st 
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thr e e  d ay s  afte r  ma t ing ; some d e t r imental  effec t of h igh amb ie n t  

tempe r a t u r e  can a l so occur  after  t h e  emb r yo r e aches t h e  u t e r u s  

( Al l i s ton and Ulbe r g ,  19 61). 

( i i )  Impl antat ion . Expos u r e  of fema l e s  to small  e l evat ions of a i r  

temper atur e immed i a t e ly fol low ing ma t i ng h a s  been r epor ted to 

substan t i a l ly inc r ease  the inc idence of p r e implantat ion emb r yon ic 

mor tal i t y , in the mou s e  (El l iott  et a l . , 19 6 8 ;  Burfen ing et a l . , 

1 9 7 0; B e l lv� ,  19 7 2 ) ,  the sheep (Edey , 19 6 9 )  and the pig  ( Omtvedt 

e t  al . ,  1 9 7 1). 

De spite  the cons ider able  amount of r e search on the effec t  of 

e l evated tempe r atur e on p r e implantat i on embr yon ic  mor t a l i t y , the 

mechan i sms r ema in  obscur e . In  a study w i th unacc l ima t i sed heat-

s t r e s sed r at s ,  Macfa r l ane , Pennycu ik and Thr ift (19 5 7 )  r epor ted 

a r ed u c t ion in the r ate of foetal  r e so r p t ion ( a l though not 

s ign if ican t )  when prog e s t e rone ther apy was appl ied fol low ing mat ing . 

Howa r th and Hawk (19 6 8 ) and Yang et  al . (19 6 9) proposed that  an 

inc r e ase  in the p i t u i t a r y-adr enal act iv i ty may be r e spons i b l e  for 

the depr e s s ion of emb r yo surv ival in s he ep . Fa i l u r e  of l u t e a l  

func t i on was yet  another  pos s ible  expl anat ion off e r ed for inc r e ased 

r e sorpt ion , althoug h many worker s cons ider  that heat s t r e s s  dur ing 

ear ly  pr egnancy has  no s ig n ificant  influence on the ov i ne cor pu s  

lu teum . Instead , the  r eg r e s s ion of the corpus l u teum occ u r s  after  

the d eath of the  embr yo . 

The pe r iod of g r eatest  tempe r a t u r e  sen s i t iv i ty i s  con s ide r ed 

by Cr iblez  and Al l i ston (19 7 4 ) ,  to b e  conf ined to the one-ce l l  stage  

of embryon ic  development , even though i n  some spec i e s  the  a r r est  

i n  c leavage may  not occur un t i l  a later  stage . I Howeve r ,  Bel l ve 

(19 7 3 ) ,  proposed that ma t e r nal hype r t h e rm i a  a r r e sted the  deve lopme n t  
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of the  embr yo at the two-ce l l  stage . He postulated that ma t e r n a l  

hype r the r m i a  c auses  t h r e e  d i sc r e te , bu t appar ently r e l ated forms 

o f  embryonic mor t a l i t y ; they a r e  f i r s t l y , an a r r e s t  in  deve l opment  

at  the two-ce l l  stage , a s soc iated w i th f a i l u r e  of incorpo r a t ion 

of  u r id ine i nto RNA , second ly  a par t i al  e f f e c t  in wh ich one b l a s tome r e  

i s  a r r e s ted and the r ema i n i ng blastome r e  may undergo fur ther  c le avage 

d i v i s ions , and t h i r d l y  con t inued , bu t ,  r e tar ded cleavage of bot h  

blas tomer e s . 

In the i r  r ecent  s t ud i es , B i gge r s  and Bel lve ( 1 9 7 4) and 

B a r behenn et al . ( 1 9 7 4) considered  i t  fe a s i ble tha t the e f fec t  on RNA 

synthe s i s  may be second a r y  to some imbal ance in energy me tabol i sm 

a t  the ear ly  c leavag e stage s .  

( i i i) M id-ge s tat ion . In  ear ly stud i e s  ( Ye ates , 19 4 9 , 1953 and 1 958) , 

in  wh ich ewes wer e  subj e c ted to thermal challeng e s  dur i ng the second 

and/or f i nal  t h i r d  of g e s tat ion , an impa i rment in foet a l  d eve lopmen t  

was r epo r ted . Fur ther  ev idence in  suppor t o f  th i s  observat ion has  

come f r om worke r s  u s ing many d i f f e r ent spec ies  i nc l ud i ng the  r a t  

( Ben son and Mor r i s , 1 9 7 1) ,  the sheep ( Goode , 1 9 6 4 ; Mor r i s ,  1 9 6 6 ;  

She lton , 1 9 6 4 a , b ;  Alexander  and W i l l i ams , 1 9 7 1 ; B r own e t  al . , 1 9 7 7) 

and the p ig ( Omtved t e t  al . ,  1 9 7 1) .  

When hea t  s t r e s s  i s  appl ied to the ewe dur ing the  l a s t  month o f 

pregnanc y , foe tal g r owth i s  impa i r ed , i r r e spec t ive o f  the level  

o f  n u t r i t ion ( B r own et  al . ,  19 7 7) .  Howeve r ,  a lower ed pl ane o f  

n u t r i t ion may a l so l e ad t o  r educ ed b i r th we ights  and in  c a s e s  o f  

sever e f eed r e s t r ic t ion , t h e  r educ t ion in  l i t t e r  we ights  a t  b i r th 

i s  add i t ive to that o f  heat s t r e s s  ( Al exander and W i l l i ams , 1 9 7 1) .  

Shelton and Hu s ton ( 19 6 8) sugge sted  that heat  s t r e s s  may 
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also l e ng then the gestat ion length . Yea te s  ( 1 953) r epor ted f u ll 

term pr egnanc i e s  of ewes kept in hot r ooms for e i th e r  the l a s t  two 

th i rds  or one th i rd of pregnancy . In contr a s t  lambs f r om ewes 

subj ec ted to heat  s t r e s s  du r ing the second half of  pregnancy, 

del ive r ed by caesar ian sect ion be tween days 14 2 and 1 4 6 , exh i b i t ed 

dwar f  cha r acte r i st ics ( Alexander and Will i ams, 1 9 7 1) .  

A summar y  of r e sult s to date, r eveals  that nut r i t ion, b r e ed 

of ewe and e f f ect ive env i r onmental temper atur e may all cont r ibute  

to  r e tardat ion of foetal l amb g r owth du r ing heat  stress  o f  the 

pr egnant ewe, but the i r  exact roles  a r e  not known . I t  has  been 

r epor ted that the fr equency of s t i l l -b i r ths  and problems of  

dys toc i a  in  c a t tle have o f t en been obser ved to be inc r eased du r i ng 

r ela t ive l y  hot per iods la te  in ge stat ion . 

( c )  Repr oduc t ion in the male . Althoug h sperm a r e  produced all year  

r ound, h igh  tempe r at u r e s  may r educe the quant i ty, concent r at ion and 

v i a b il i ty of  the c e l l s, and inc r ease  the pe r centage o f  abnorma l 

spe rmatozoa (McKen z i e  and Berl iner, 193 7�  Gunn e t  a l . ,  1 9 4 2� 

Bog a r t and Ma yer, 1 9 4 6) .  

Desp i te a r educt ion i n  l i b ido a s soc i ated w i th h igh tempe r a t u r e s  

(McKen z i e  and Be r l iner, 1 93 7 ) ,  the male s of  many spec i e s  a r e  c apable 

of ma t i ng throughou t the year . The level of  the fe r t il i ty of  the 

e j aculates  does, however,  fluctuate according to the cl ima t i c 

cond i t ions to wh ich  the an imal is  subj ected . Th i s  has been r epor ted 

in the r am ( Am i r  and Volcan i, 1 9 65� L incoln and Dav idson, 1 9 7 7) ,  

the bul l (Rhyme s and Ew i ng, 1 9 73) and the boar (We t terman e t  a l . , 

1 9 7 6) .  The extent o f  the i n f l u ence of  h igh tempe r a tur e s  i s  

compounded by g r owth and development  o f  the i nd iv idual  howeve r .  
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The ma le membe r s  of  a l l  mamma l ian spec i e s, with  the exc ept ion 

of the whale and e lephant, pos sess  an anatom i c a l  s truc tur e ,  the 

scrotum, in wh ich the i r  test icles  a r e  con t a ined . Cont inua t ion 

of  the normal  spermatog e n ic cycle  in the ma le  is dependant on the  

ex i s tence of an abdom ina-t e s t icul ar  temper a tur e g r ad i ent . The 

mag n i tud e of th i s  g r ad i ent  is of  evolu t ionary s ign i f i cance 

( Cowl e s, 1958 ) . 

The struc tur e of  the scrotum i s  char acte r i z ed by featur e s  wh ich 

enable it to ac t ively control  i t s  own tempe r a tur e .  The sk in  is t h i n, 

o f ten h a i r le s s , lack s subcutaneous f a t  and has  a d i s t a l  und e r ly ing 

sheet  o f  smooth mu scl e , te rmed the tun ica  dar tos ( Sc hwe i z er,  1 9 2 9 ; 

Gutz sc he bauc h , 1 9 3 5 ) .  Movemen t  o f  the  scrotum by the  tun ica  d a r tos 

mu scle  affor ds  the mamma l i an ma le  a natur al protect ive process  for 

sperma togene s i s  in  s i tuat ions of  moder ate  chang e s  in amb ient  

tempe r a tur e .  Con t r ac t ion of th i s  musc le, induc ed by  cold  tempe r atur e s , 

throws the sk in  i nto fold s, inc r ea s ing i ts insulat ion , wh i l e  a t  the 

same t ime d r aw i ng the  testes  towa r d s  the  warme r  abdomen . I n  h igh 

temper atur e s  the muscle  is r e l axed , g iv i ng an e f fe c t ive l y  l a r g e r  

s c r o t a l  sur fac e, the r e fo r e  inc r ea s ing h e a t  los s . A compr ehens ive 

r e v i ew i s  g iven by Wa i tes  and Setch e l l  ( 1 9 6 9) .  

Desp i te the  anatomical c h a r ac t e r i s t i c s  of the scrotum d e s c r ibed 

prev ious ly, the  spe rma tog e n i c  cyc le  of  many mal e  an ima l s  is a l t e r ed 

i n  the i r  natu r a l  e nv i ronmen t, due to  e x t r eme s in  temper a tur e, 

e spec ially  e l e va t i ons . 

The prog r e s s ion o f  the�en t s  o f  the sperma togen ic cycle a r e  

though£ not to  b e  effec ted b y  exposur e to cold . However,  i t  h a s  been 

r epor ted that low amb ient temper atur e s  do a l t e r  semen cha r ac te r i s t i c s, 

spe rm produc t ion and epid idymal spe rm number s .  Swi er s t r a  ( 1970 ) 



2 0 . 

r epor ted that expo su r e  o f  boa r s  to the  cold for long per i od s , 

i nc r e a sed the t e s t icula r s i z e , and the r e fo r e  epid idymal c apac i ty .  

Cha r ac t e r i s t ic s  he cons ide r ed to be due to e i ther a d i r e c t  r e sponse  

to  the cold , o r  a r e sult  of  the as soc i ated increase  i n  e n e r g y  intake  

due to the cold . The incr eased semen volume r epor ted by  Sw i e r s t r a  

( 1 9 7 0 )  i n  the se  boar s  exposed t o  cold , was attr ibu ted t o  e i th e r  

a d i r ect r e sponse t o  t h e  cold or  i n  as soc i a t ion w i th inc r eased  l i b ido . 

Sper m  output p e r  un i t  t ime was s imilar for both con t r ol and low 

temper a t u r e  boa r s ,  but , epid idymal r e se r ve sperm numbe r s  fo r the 

low t emper atu r e  boar s  was lar g e r  than for the con t r ols ; a facto r  

cons ide r ed d u e  t o  t h e  g r ea t e r  s i z e  of  t h e  low tempe r a tu r e  boar t e s t e s  

( Sw i e r s t r a , 1 9 7 0 ) . 

The proc e s s  of  spermatogene s i s  in  mo st  an imals proceeds through 

a number of well def i ned stage s  w i th in the semi n i fe r ous  epi thel i um 

( Le blond and Cle rmont ,  1 952 ) . De f in i t ion of the sperma togen i c  

stages , w i t h i n  t h e  sem i n i fe r ou s  e p ithel i um has enabled t h e  

degener at ion o f  d i ff e r ent  stage s at  spe r ma togenes i s  t o  be p r ed i c t ed , 

i f  the t ime i n t e r val be tween expo s u r e  and au topsy i s  known . The r at e  

o f  degene r a t ion of  su scept ible cells va r i es  g r e a tly ( Chowdhur y and 

S t e inberger , 1 9 6 4 ) .  Heat  suscept i ble cells in the spe rmatogen ic proc e s s  

o f  the r a t  have been d iv ided i nto t h r e e  separ ate  categor i e s  b y  Chowdhur y 

and Ste inbe r g e r  ( 1 9 6 4 ) ,  ( i )  c e ll s  wh i ch degene r a te and d i sappe ar  

f r om the  sem i n i fe r ou s  tubule w i t h i n  two days follow ing heat  exposu r e , 

( i i )  cells appar en tly capable o f  some d i ffe r en t i a t ion into  mor e  

advanced s t ages  be for e  degene r at ion and d i sappear ance and ( i i i )  c ells  

capable of  con s ider able development and d i ffer e n t i a t ion , i nclud i ng 

d iv i s ion and forma t ion o f  sper ma t id s . These sperma t id s  d i sappe a r  

w i th i n  8 to 2 6  days a f t e r  exposur e . 
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In the spe rma tocycle , the ear l i e s t  detectable change i s  an 

abnormal cytochem i c a l  r eac t ion in the cytoplasm . Change s  in  the 

nuc leus  of  the spe r ma t id do not become obv iou s un t i l  cytopl asmic  

changes  a r e  intense . As  mor pholog ical  abnorma l i t ie s  are  absent  

immed i a t e ly , or sho r t ly after  expo su r e , it  appears  that  the  e f f e c t  

o f  elevated tempe r a t u r e  may be v i a  some m etabo l ic act iv i t y  in  the 

suscept i bl e  cell , wh ich only  br ing s  abou t v i s i ble mor pholog i c a l  

damage o n  r e ach ing a ce r t a in stage  in  i t s  developmen t  ( Chowd h u r y  

and S t e i n berger 1 9 6 4 ) . 

The young sper ma t id , a c e l l  not und e r g o i ng d iv i s ion , nor  

prepa r ing to do so , is  a l so h ighly  suscept i b l e  to e l evat ions i n  s c r otal  

tempe r a t ur e .  In i t ial  changes  occ u r  w i th in  the nuc l eu s , whe r e  the 

chroma t i n  gr anul e s  accumu late a r ound the nuc l ear membr ane . Th i s  

subsequ ently th ickens and a vacuole fo rms i n  the c e n t r e  o f  the  nucleu s . 

Chromat in ma t e r i a l  accumu lates  mor e at  one pole of  the nuc l e u s  than 

the other . The pol e  about  wh ich accumu l a t ion occu r s  is inva r i ably  

near  the  golg i zone , the a r e a  o f  fu r th e r  developmen t  of  the  

acr osomic gr anul e . W i th t ime , the ent i r e  nucle u s  shr inks to form 

a compact ma ss  a r ound the vacuole to r e s u l t  in the  c l a s s i c  r ing 

forma t ion of the  sperma t id .  

Exposur e  o f  ma le  a n ima l s  to e leva t ed amb i e n t  temper a t u r e s , may 

not only a l t e r  the proc e s s  of spermatogene s i s , b u t  may a l so i n f l uence 

hormonal char acte r i s t ic s  of the a n ima l . 

( 2 ) Br eed ing P ig Per formance . 

A numbe r  of  adver se e f f e c t s  have been a tt r ibu ted to  e l evated 

env i ronme n t a l  tempe r at u r e s  on sow r e p r oduct ion . 
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( a )  A t t a i nmen t  of puber ty.  I nformat ion on the effec t of a ir 

tempe r at u r e  on the att a i nmen t of sexual  mat u r i ty in the g i l t  i s  

scant . Schm i d t  and Br e i t sche ide r ( 1 954 ) obse r ved that g i l t s  bor n  

in  t h e  cold season atta ined sexual matu r i ty e a r l i e r  ( 3-7 month s )  

than those bor n  in  the warm season ( 5- 13 months ) .  Th i s  phenomenon 

was a t t r ibu ted to amb i e n t  temper atur e, bu t a d aylight  effec t cannot 

be r uled out . Th at mod e r a t e ly cold tempe r at u r e s  may enhance the 

ons e t  of pube r ty in g i l t s  has  r ece ived l im i ted suppor t ( B u r g e r  1 9 52 ) . 

The r e  doe s not appear  to be  any informat ion ava i lable  as  to the  

d i r ec t  effec t of h igh tempe r atur es  on the  a t t a inmen t of pube r ty . 

( b )  Oe s t r o u s  cycle . War n ick e t  al . ( 1 9 65 )  and Teague, Rol le r  and 

Gr ifo ( 1 9 6 8 ) r epor ted that  g i l t s  hou sed in c l ima t i c a l ly cont r o l led 

chambe r s, at  tempe r atures over 3 0°C we r e  less  l ikely to d i splay 

oest r u s  ( up to 1 0 %  fa i led to d i splay oes t r u s  at 33 °C )  desp i t e  

exh i b i t ing a normal cycle befo r e  and after  t r eatmen t . In contr a s t, 

Edwar d s  e t  al . ( 1 9 6 8 ) and D'Arce e t  al . ( 1 9 7 0 )  r epor ted no depr e s s ion 

in  the numb e r  of g i l t s  d i splay ing oes t r u s  u nder  s im i la r  cond i t ions . 

In the tropical  c l imate of N ig e r i a, S t e inbach ( 1 9 7 2 )  r epor ted 

that abou t 1 0 %  of g i l t s  became anoe s t r u s  d u r ing the hot t e s t  sea son 

of the year  ( mean effe c t ive tempe r atur e 2 6°C ) , whe r eas, l e s s  than 

5% wer e  affec ted i n  the cool sea son . He  a l so observed, that  the  

ave r age d u r a t ion of the  oe s t r u s  per iod was neg at ive l y  cor r e lated  

w i t h  t empe r atur e .  The propor t ion of pe r iods l a s t ing for mor e  than  

two d ay s  wer e  s ign ificantly  lowe r i n  the hot season, than  in  the  

cool s e a son . 

Mod e r ately  h igh env i r onmental  tempe r atu r e s  ( 3 7°C ) , a s  r epor ted by 

D ' Ar c e  et al . ( 1 9 7 0 )  and Ste inbach ( 1 9 7 2 )  do not appear  to affec t the 

actual l eng th of the.o e s t r u s  cycle . Nev e r t h e l e s s, by impos ing  
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tempe r a t u r e s  so seve r e  that  seve r a l  g i l t s  d i ed from " heat  s t r e s s'' , 

Edwa rds  et  al . ( 1 9 6 8 ) observed that the  o e s t rous  cyc l e s  of  the 

s u r v ivo r s  wer e  a lmost  two days longer b e fo r e  the t r eatment was 

imposed . 

( c ) I nte rval wean ing-oe s t r u s . Magnan i and Casat i ( 1 9 6 6 )  i n  an 

analy s i s  of d a t a  r el at i ng to 2 8 2  c r o s s b r ed sows ( Large  Wh i te x 

Spot ted Poland-Ch ina x C he ster  Wh i t e )  r epor ted that the i n t e r v a l  

f r om far r owing t o  f i r s t  oes t r u s  var i ed s ign i f ican t ly between 

mon ths . The i n te r v a l  was notably longe r d u r ing the summe r mon th s . 

To date , no ev idence i s  ava i lable  to suppo r t th i s  obs e r va t ion . 

( d )  Ovulat ion rates . I t  has  been sugge s t ed (Wa r n ick e t  a l . , 1 9 6 5 ; 

Teague e t  al . ,  1 9 6 8 ; D ' Ar c e  e t  al . , 1 970 ) that ovu l a t ion r ate  

may be s l ight ly  r educed in  heat- s t r e s s ed g i lts . Th i s  is  pa r t icular ly 

when the pe r iod of  exposu r e  to a h igh tempe r atur e occu r s  seve r al 

d ays  pr ior to ovu l a t ion .  With  the except ion of th i s  pos s i b l e  e f fec t ,  

expo s u r e  to e l evated amb i ent  tempe r a t u r e s  befor e s e r v i c e  ( a s  d i st inct  

f r om post mat ing ) appear s to have l i t t l e  e f fec t on  the concept ion 

r ate , o r  the number and s i ze  of  the emb r yos  dur ing the  subsequent 

p r egnancy . 

Edwa r d s  e t  al . ( 1 9 6 8 ) r epor ted that  the numb e r  o f  cor po r a  

lutea  in a cool env i r onment exc eeded t h a t  in a w a r m  one . Th i s  i s  

in  ag r eeme n t  w i th t h e  work of  Teague  e t  al . ( 1 9 6 8 ) w h o  found t h a t  

w i th g i l t s  ma inta i ned at  amb i ent  tempe r atur e s  o f  27°C ,  3 0°C o r  

33°C f o r  o n e  cycle pr ior  to br eed i ng , as  the a i r  tempe r at u r e  inc r eased , 

ovu lat ion r a t e  was.s ign i f i c antly  r educed , the numbe r of  corpor a 

lutea  presen t be i ng 1 4 . 2 ,  13 . 7  and 13 . 1  r e spect ive l y . Th i s  sug g e s t s  

that the r e  could be  a pos s ible  i n t e r act ion between t empe r atur e , feed 

intake and ovu l a t ion r ate , w ith  dec r e ased f eed i n t ake poss ibly  
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expla in i ng the r educ t i on in  ovu l a t ion r a te . Wa r n ick e t  al . ( 1 9 6 5) 

howeve r , found no e f fect  on ovu lat ion r at e  o f  an a i r  tempe r a t u r e  

0 0 of 1 6  C compar ed to 3 2  C .  

W i th r e spec t  t o  very  low tempe r a t u r e s  Dyck ( 1 974) r epor ted no 

e f fect  of cold s t r e s s  on ovu l a t ion r ate  and that in We s t e r n  Canad a , 

whe r e  winter  tempe r at u r e s  a r e  as  low a s  -3 0 °C ,  the absence o f  hou s i ng 

had no e f fect on ovu lat ion r a te . 

( e) Fe r t i l i z a t ion and concept ion r at e s . Fe r t i l i z at ion i s  sens i t ive 

to both hype r th e r m i a  and hypothermia  ( Scof i e ld ,  1 9 7 2) .  Fe r t i l i z at ion 

r a t e  may be r educed and the occur r ence of  mor pholog i c a l ly abnorma l 

ova i s  mor e  fr equent  dur i ng hot weather  and in an imals  exposed to 

ar t i f ic i ally h igh  tempe r a tur e s  ( Ha fe z, 1 9 6 4) . Whethe r the  harmful 

e f f e c t  r e s u l t s  d i r ec t ly f r om hype r thermia  or  from an endoc r ine  

imbal ance r e s u l t ing in  an unfavou r ab l e  env i r onmen t  i n  the ov iducts  

i s  unce r t a i n . 

With  r eg a rd to concept ion r at e  i t  appears  heat  s t r e s s  for seve r a l  

d ay s  immed i at e ly pr ior t o  ma t ing may have a red uc ed concept ion rate , 

b u t  i f  the heat  s t r e s s  i s  for only a sho r t  per iod { approxima t ely  

1-3  days) l i t t l e  or no  appar ent  chang e i n  conc ept ion r ate is  found 

to occur  (Warn ick et al . ,  1 9 6 5) .  

Knowledge o f  the e f fect  o f  a low amb ient tempe r a t u r e  on concept ion 

r a te in the g i l t  is  l imi ted . Dyck ( 1 974) wa s unable to f ind any 

d i ffe r ence in conception r ates for g i l ts kept in open y a r d s  at a i r  

temper atur e s  r ang ing f r om -12°C t o  - 2 2°C ,  as opposed t o  those kept 

in a heated p i gg e r y  at  a tempe r a t u r e  of 10 to 1 5°C .  I t  i s  poss i b l e  

t h a t  t h e  m i n i mum o f  s h e l t e r  and bedd i ng u sed in  th i s  s tudy r educ ed 

the effects  of the cold . In cont r a s t , Sw ies t r a  and R ahne f e ld ( 1 972) 



fou nd that concept ion r ates inc r eased s ign if ic ant ly a s  amb i ent  

temper atur e decre ased from - 1 0°C to - 25°C for g i lts  housed in 

open pens in  g r oups of 14-2 0 . In  th i s  study , howeve r ,  a l l  

concept ion r at e s  we r e  fa i r ly low . 

2 5 . 

Fer t i l i z a t i on and concept i on r a t e s  may both be a l t e r ed due  to 

the env i r onme n t a l  tempe r a t u r e s  to wh ich the an imal is exposed; 

e x t r eme e l evat ions or depr e s s ions in a i r  tempe r atur e a r e  r equ i r ed 

to s ign if i c ant ly a l t e r  the se r eproduct ive par ame t e r s .  

(f) Embryon ic mor t al ity. The eff e c t s  of amb ient  tempe r a t u r e s  on 

embr yon ic  mor ta l i ty a r e  wel l  docume n t ed and have been r ev i ewed 

by Scof i e ld ( 1 972) . It i s  gene r a l l y  be l ieved that low amb ient 

tempe r at u r e s  per se  have no harmfu l effect  on reproduct ion in 

farm an ima l s  ( Ye a t e s  and Par e r , 1 9 62) . The most  ser ious  effe c t s  of 

cold s t r e s s  on r eproduct ion a r e  u su a l l y  ind i r ect one s  involv ing 

inte rfe r ence w i th ma t ing , par tu r i t ion and chang e s  in  nutr i t ional 

r equ i r emen t s . Dyck ( 1 9 7 4) has  found no effect of cold s t r e s s  on 

foetal  s u r v ival though the s ame worker  has found that heat s t r e ss 

in ear l y  pr egnancy reduces emb r yo surv ival . Th i s  l at t e r  f i nd ing 

agrees  w i th the work of War n ick et  al . ( 1 9 65) and Edwa r d s  et  a l . 

( 1 9 6 8) bu t not w i th Teague  e t  al . ( 1 9 68) who fa i l ed to show a 

s ignif i c ant  effe c t . 

( i) Impl antat i on . S l igh t , but  s t a t i st ica l ly non - s ign ific ant 

r educt ion s in  embryon ic  su r v iv a l  we r e  r e por ted by Tompkins , 

He iden r e ich and S tob ( 1 9 6 7 )  i n  sows exposed to a t empe r atur e of 

0 3 5  C f r om d ay one for 2 4  o r  4 8  hou r s ,  and in another  g r oup exposed 

to the same tempe r a t u r e  unt i l  day five of pregnanc y . Sows subjec ted  

to  a g r e a t e r  e l evat ion i n  temp e r a t u r e  ( 3 7 °C) f r om the  f i r st unt i l  

the f ifth day of pr egnancy d i splayed mor e  d r ama t i c  effec t s ; e ig h t  
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out o f  2 2  d ied and , emb r yonic  s u r v ival in  the  r ema ind e r  was r educed 

to 39 percent . The con t r ol s , kept at a lowe r tempe r atu r e , had a 6 9  

pe r c e n t  embr yon ic  surv ival . An extens ion of  the  heat  s t r e s s  pe r i od 

( 3 7 . 8°c for 1 7  hou r s  and 3 2 . 2°C fo r seven hou r s  f r om d ay 0 un t i l  

day 8 o f  pregnancy ) in g i l t s , r educed concept ion r at e s  ( 4 3 %  r e tu r ned 

to oe s t r u s )  and s ign i f icantly  r educed embr yon ic  sur v ival compar ed 

w i t h  cont rols  mainta ined at  23 . 3°C ( Omtved t e t  al . ,  1 9 7 1 ) . I n  the  

same t r i a l  a f u r ther g roup of  g i lt s  subj ected to s im i l a r  heat  s t r e s s 

at 8 - 1 6  d ay s  post- impl antat i on r e sulted  in a sma l l e r  propor t ion of  

r e t u rns  to oe s t r us than the  0-8  day s t r e s sed g r oup , and th e embr yon ic 

s u r v ival r a te of t h i s  gr oup wa s only r educed to 43 pe r ce n t . In  an 

e a r l ie r  stud y , Edwards  e t  a l . ( 1 9 6 8 ) r epor ted a r e d uc t ion , bot h  

in concept ion r a te ( 3 6 %  r e t ur ned t o  oe s t r u s )  and i n  embr yon ic  s u r v ival  

r a te ( 5 9 . 7 % , compar ed with  83 . 2 % in  a con t r o l  g r oup ) whe n g i l t s  we r e  

subj e c ted t o  a heat s t r e s s  of  3 8 . 9°C and 3 2 . 2°C for  1 7  hour s d a i ly , 

dur i ng the  f i r st 1 5  days o f  pr egnanc y . 

In  s umma r y , i t  appe a r s tha t exposur e o f  the sow or  g i l t  to 

ex tr eme heat  dur ing t he pr e implantat ion pe r iod ( 0 -14  days a f te r  

mat ing ) undoubtedly has adve r se e f f e c t s  o n  emb r yon ic surv ival , e i the r 

by par t i a l  or  total l i t te r  losse s .  The mechan i sm by wh ich  the  r a i s ed 

ma te r na l  body tempe r a tu r e  a f fects  egg a nd blastocyst  deve lopmen t  i n  

t h e  sow o r  g i l t  i s  not ye t c l e a r . 

( i i )  M id-ge stat ion . Af t e r  1 5 -3 0  days o f  ge s ta t ion , i t  appe a r s that  

the ute r u s of  the  g i l t  o r  sow is  wel l  buffer ed aga i n s t  tempe r a tu r e 

f l uc tua t ion ( He i tman e t  a l . ,  1 9 51 ; Edwa r d s  e t  a l . , 1 9 6 8 ) . Expo s u r e  

o f  t h e  sow or  g il t  t o  h i g h  a i r  tempe r a tu r e s  fol lowi ng imp l a n ta t ion ; 

be twe e n  days  1 1  and 2 0  o f  pregnanc y ( Na l bandov , 1 9 6 4 ) , appe a r s to have 

l i ttle  or no d ir ect  e ff e c t  on e i the r pr e g nanc y  or  foe tal  deve l opment 

and sur v ival ( He i tman , Hug he s  and Kel l y , 1 9 51 ; Tompk i n s  et  a l . ,  1 9 67 ;  



2 7 . 

Edwa r d s  e t  a l . ,  1 9 6 8  and Omtved t e t  a l . , 1 9 7 1) d e sp i te the fac t that 

temp e r a t ur e  e le va t ion wa s such tha t many sows and g i l ts d i ed o f  

hype r the r m i a . 

( i i i) Late ge s t a t ion . Ste i nbach ( 1 9 7 1) r epor ted tha t season of  the 

yea r  conside r a bly af fec ted the mean  percentage of s t i l l bo r n  pigl e t s  

o f  a he rd o f  sows i n  tropical  N i g e r i a . Sows wh ich far r owed d u r i ng 

Ma r ch and Apr i l  ( when high tempe r a t u r e s  and extreme l y  high humid i ty 

preva i l s) had up to 1 0 -12 per c e n t  s t i l l born p i g le t s , compa red  wi th 

only 5-6  pe r c e n t  for sows f a r rowing a t  o ther t ime s of  the year . Lo s s e s  

o f  sows f r om hea t - s t roke a l so occur r ed dur ing th i s  Mar ch and Apr i l  

pe r iod , bu t only  i nvolved sows i n  the l a t t e r  stage s o f  pr egnanc y .  

I n  contr a s t  to thi s  r epor t ,  Ke r nkamp ( 1 9 6 5) found no s ign i f icant 

sea sonal var i a t ion i n  the s t i l l bi r th r a te in  pigs  kept in a tempe r ate  

cl ima te . 

G i l t s  expo sed to high amb i e n t  tempe r a tu r e s  ( 3 7 . 8°C for 17  hour s 

and 3 2 . 2°C for 7 hour s da i l y) for  8 days  (day  1 0 2 u n t i l  day  11 0 o f  

pr eg nancy) in  the s t ud y  b y  Omtved t e t  a l . ( 1 971)  r e su l ted i n  almo s t  

5 0  pe rce n t  o f  the pigl e t s  be i ng d e ad a t  far r ow i ng . Howeve r ,  wh ile  

the autho r s i n  the i r  r epor t r e fe r r e d  to  the pig l e t s  dead a t  far r ow i ng 

a s  s t i l l bo r n , i t  i s  not c l e a r  whe the r they we r e  t r ue s t i l l bi r ths . 

The we ight o f  p i g l e t s  bor n  a l ive appeared  to be ve r y  sl ightly lowe r 

on ave r ag e  than those f r om the control s ,  and po stnatal  sur v ival  

(at  3 week s) i n  l i tter s f r om "he a t- s t r e s sed " g i l t s  wa s only 72  pe r c e n t . 

Sur vival  r a te i n  the l i t te r s  bor n  by the control  sows wa s 8 8 . 5  per c en t .  

The mechan i sms whe r e by hea t- s t r e s s  dur ing the l a t t e r  stag e s  

o f  p r egnancy i nc r e a s e s  the los s o f  foe t u s e s  o r  p i g l e t s  i s  unknown , 

and the patholog ical  e f f e c t s  themselve s a re poo r l y  de f i ned . Pos s i ble  

r easons  for the se losse s wer e  con s ide red  in  the e a r l i e r  Gene r a l  sec t ion . 



2 8 . 

( g )  Semen char ac ter i s t ic s  and l i b ido . The deter ior a t i on i n  

r ep r oduc t i ve per formance o f  the boa r  subj ec ted to hea t st ress i s  

man i fested by a r educ t ion i n  l i bido ( d i r ec t) a nd throug h r educed 

semen qual i t y ,  and/o r a fall  i n  the n umber of  concep t ions achieved 

per ser v ice ( ind i r ec t) .  Steinbach ( 1 972 ) r epor ted that  the 

r educt ion i n  l i b ido of  heat stressed boa r s  (determined by the boa r s  

i n ter est to mount  a dummy sow a nd ej acula te) to be d i r ec tly 

propor t iona l  to the env i ronmental  temper a t ur e .  Dur i ng the warmest 

month , r ef u sa l s  wer e  approx ima tely 1 6  percent , compar ed wi th no 

refusa l s  dur i ng the cooler months . He a l so r epor ted tha t ,  boar s  

wh ich d i d  ej aculate , tended to take longer to do so i n  the hea t . 

There wa s a t ime l ag of  a bout two months between the coolest month 

and the sho r test  ej aculat ion t i�e . 

The thermoregul a tor y mec han i sms o f  the sc rotum a nd tes t i s  of  

the boa r  have been s tud ied by McN i t t ,  Ta nner and Fi r st ( 1 972a , b) . 

The boar , l ike mo st  other male mamma l s , when exposed to h ig h  

env i ronmental  temper atur es may p r oduce impa i r ed semen . I t  h a s  been 

suggested that temper ature  per se does not a ffec t the fer t i l i ty 

of the boar s to suc h  an extent a s  does sudden i nc r ea ses i n  temper a t ur e .  

Th i s  upsets the boar ' s  body and scrotal  thermoreg u l a to r y  mec han i sms . 

Boar s r ea r ed and used i n  the t r op i c s  and ther efor e  acc l ima t i zed to 

high temper a tures  a r e  cons idered no less fer t i le than those in 

temper a te a r ea s  ( Ebunike and Steinbach , 1 972) 

By u s i ng d ir ec t  app l i c a t ion  of heat to the scrotum of  the boar , 

Ma z z ar i ,  du Mesn i l  du Bu i s son a nd Or tava n t  ( 1 9 6 8 )  r a i sed the tes t i c u l a r  

temper a t u r e  t o  40°C f o r  j u s t  three hour s and yet r epor ted a marked 

dec r ea se i n  sperm concentr a t ion and mot i l i ty i n  semen samples collec ted 

f r om t he end o f  the second u nt i l  t he eighth week subsequent  to t r ea tmen t .  
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In  a mor e  r e c e nt  s tudy McN i tt and F i r s t  ( 1 9 7 0 ) , u s i ng boar s  previously  

accl imat i zed to 21 . 5°C ,  expo sed the i r  subj ects  to an env i r onme n t a l  

0 tempe r a tur e o f  3 3  C ( r e la t i ve humid i ty 5 0 %) ,  r e su l t i ng i n  an 

elevat ion o f  r e� ta l  tempe r a tu r e  o f  2 -3°C .  Semen sample s  coll ec ted 

f r om the se boa r s  had reduced spe rm concentr a t ion and mot i l i t y ,  and 

i nc r ea sed p r opor t ion s o f  morpholog ica l l y  a bnormal and dead sperma tozoa . 

Semen volume r ema ined unaf fec ted . In  add i t ion to the d e t r imental  

e f fe c t s  on  semen qua l i ty from sho r t  term  heat s t r e s sed boar s ,  

Chr i sten son e t  a l . ( 1 972) r epor ted a mar ked r educ t ion i n  the pe rcentage 

o f  g i l t s  pr egnan t when insem i na ted with  suc h seme n . 

The i n i t ia l  i n f luence o f  e leva t ions in  te sticular  tempe r a t u r e  

on  semen c h a r ac ter i st ics  r epor ted b y  McN i t t  and F i r st  ( 1 9 7 0 )  wa s an  

i n c r e a se i n  the  propor t ion o f  pr ima r y  spe rma tozoan abnor ma l i t ie s ;  

ma inly spe r ma to zoa with  ta i l s  t ig h t l y  co i led around the midpiece , and 

othe r s  wi t h  a bnorma l l y  formed head s .  A dec r e ase i n  spe rm mo t i l i ty 

then occ ur s .  By a bout day 2 4  a f t e r  expo sur e ,  mor pholog i c a l  

a bnormal i t i e s  (ma i nly  t a i l-l e s s  head s and sperms w i t h  d i s t a l l y  co i led 

ta i l s) beg i n  to appe ar i n  apprec i a ble  numbe r s .  The a u t ho r s r epor ted 

tha t dec r ea se in total spe rm concentr a t ion t hen occ ur r ed but by day  

5 6  all  seme n c ha r ac te r i st i c s  had  r e t u r ned to norma l . I n  a mor e  r ecent  

stud y We t te rman e t  a l . ( 1 9 7 3 )  r epor ted s imilar  f i nd i ng s  when they 

0 expo sed boa r s  to an  e nv i r onme n t a l  tempe r ature  o f  3 0  C for  a long 

dur a t ion . 

An e l evat ion i n  the r ec ta l  tempe r a tur e of  boar s suffer i ng f r om 

illne s s , d i spla y i ng feve r s ,  may produce sperma tozoan a bnorma l i t i e s  

(par t ic u �a r l y  mul t iple -head sper ma to z oan) and i n fe r t i l i ty ( Ko j ima , 

1 9 7 3 ) . 

Knowledge o f  sperma tozoan deve lopme n t  and ma t ur a t ion i n  the  boa r  

(desc r i bed by Swi e r s t r a , 1 9 6 8 ) enabled McNi t t  and F i r s t  (1 9 7 0 ) to 
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propo se that pr i ma r y  spe rmatozoan abnormal i t ie s  wer e  ma i n l y  the r e sul t 

o f  heat  damage a t  the late  pr ima r y  spe rmatocyte , second a r y spe r ma tocyte 

and e ar ly spe rma t id stage s .  La ter  e f f ec t s , e spec ially  the r educ t ion 

in spe rm conce nt r a t ion ,  r e sul ted f r om damag e  in  the mid-pr ima r y  

spe r ma tocyte . The same wor ke r s  conc l uded that a gene r a l  we ake n i ng 

o f  the spe rma to zoa throughout the ent i r e  deve lopment pe r i od , was  

re spon s i ble for  second a r y  spe rmatozoan abnorma l i t i e s  appar e n t  by day  

24  after  he a t  e xposure . 

( a )  N ut r i t ion . 

C .  I nd ir ec t  Factor s .  

Rev iews on the nutr i t ional e f fec ts  on r eprod uc t ion i n  dome s t ic 

an imal s have been g iven by Re id ( 1 9 6 0 ) and Moustgaar d  ( 1 9 6 9 ) and in  

p i g s  by  Br oo k s and Cooper ( 1 9 72 ) , Lodge ( 1 9 72)  a nd El sley  and  Mc Phe r son 

( 1 9 72) . It  i s  not the intent ion o f  the author  to g ive a compr ehe n s i ve 

account of spec i f ic patte r ns o f  feed ing on r epr oduc t ion in the p i g  

( see Wr atha l l , 1 9 7 5 ) . Never the le s s , i n  cont r a s t  to mos t  o t he r  spe c i e s  

o f  dome s t i c  l i ve stoc k , the p ig i s  o f ten hand fed on mea su r e d  quant i t ie s  

o f  food wh ich  a r e  be low i t s  vol un t a r y e ne r g y  i ntake . Pa r tl y  for the se 

r eason s ,  and a l so because the p i g  i s  a monog a s t ic , manag e r i a l  dec i s ion s 

on the r e l a t i ve amoun t s  of  d ie t a r y  con s t i tue n t s  i ncorpo r a ted i n  a 

r a t ion and the leve l at  wh i c h  i t  i s  fed , i s  of  u tmo s t  impo r tance . 

Re sul t s  o bta i ned f r om nume r ou s s t ud i e s  conduc ted , sugg e s t  that  

provided the energy� prote i n ,  v i tam i n  and  miner a l  content  o f  a 

r a t ion , a long wi t h  the level fed conform  to the r ecommendat i on s  o f  

the Agr ic u l t u r al  Re search  Counc i l  ( A . R . C . , 1 9 6 7 ) , the r e  should be no 
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imp a i r me n t  o f  r eprod uc t ive per formance . 

I nc r e ased ovul a t ion r ate s have been r epor ted to occ ur  when r a t ions  

o f  ve r y  high energy content  are  fed be for e  or  dur i ng oe str u s  

(Wrathal l , 1 9 7 1 ;  Ande r son and Me l ampy , 1 9 7 2) al thoug h a n  adve r se 

e ffec t on embr yon ic  s ur v ival  may r e su l t  i f  such i s  fed d u r i ng e a r l y  

pr egnancy ( Scofield , 1 97 2 ;  Ander son and M e lampy , 1 9 7 2) .  Apar t 

from a r educ t ion i n  the b i r t h  we ights  o f  p i g l e t s  bor n  to sows fed 

ve r y  low prote in d ie t s  ( Pond e t  a l . ,  1 9 6 9) t he r e  appea r s  to be a ve r y  

wide mar g in o f  safety i n  the prote i n  conte n t  o f  a r a t ion i n  r eg a r d  

i t  affec t i ng r eproduc t ion i n  t h e  p ig .  The accepted l e ve l of  c r ude 

prote i n  in a r a t ion fed to b r ee d i ng p ig s  i s  approx ima te l y  14 % .  I t  

appear s the qua l i ty o f  prote i n  i s  mor e  impo r tant ; e s se n t i a l  amino 

ac id s suc h a s  t r yptophan , l y s ine , me t h ion i ne , i so l e uc i ne , leuc i ne , 

ar g inine , h i s t id i ne , threon i ne , val i ne and phenyl a l an ine i f  l im i t i ng , 

w i l l  impa i r  r e p r oduct ive pe r formance of  the p ig .  Al thoug h cur r ent  

k nowledge o f  the  v i tamin and m i ne r a l  r equ i r emen t s  for  r eproduc t ion 

i n  pig s i s  based on un sa t i s fac tor y and o f ten equ ivoca l ,  ev idence 

s ugge s t s  de f ic ie nc ie s  wi l l  r educe t he r e p roduc t ive per formance . A 

d e t a i led account o f  v i tamin and m i ne r a l  d e f ic iency a s soc iated d i sorde r s  

in  p i g s  i n  g iven by Wr a thal l ( 1 9 75) . 

I n j e s t ion of  harmful c hemical substanc es  by p ig s  w i l l  o f te n  

ser iously  e ffec t the i r  r e p r oduct ive per formance . I t  i s  beyond the 

scope o f  the p re sent  r e v i e w  to g i ve a d e ta i led accoun t o f  t he e ffec t s ;  

suc h  a r e v i e w  i s  a l so g iven b y  Wr a thall  ( 1 9 7 5) .  

( b )  Hea l th s ta t u s  

The b a s i c  immune status  o f  a n  anima l  i s  e stabl i shed b y  a 

combinat ion o f  many facto r s .  The se include gene t ic , ana tom i c a l , 
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physiolog i c a l , humo r a l  and ce l lular  e lement s . In  add i t ion , fur t he r  

i n f l uence on the a n ima l s  immun i ty i s  from i t s  past and p r e sent  

e xposur e to  par a s i te s ,  to tox ins  and to pa t hogen ic organ i sms 

d i st r i buted thr oughout t he b io sphe r e . C l ima t ic ,  d i e t a r y  and s t r e s s  

fac tor s a l so play a n  influe n t i a l  role . I t  i s  not the intent ion of  t he 

author to  g i ve a d e ta i l e d  account of  the mec han i sms by wh i c h  the 

envi ronme n t  are t houg ht to e ffect  the immun i t y  to d i sease of  an  anima l . 

Al t houg h the mec han i sms by whi c h  d i e t  i n f lue nc e s  immun i t y  to 

d i se a se r ema in  to be d e t e r m i ned ful l y ,  i t  appea r s  tha t  i f  adequate 

leve l s  of a balanced d i e t  ( ener g y ,  prote in , v i tami n s  and m i ne r a l s) 

a r e  fed , immun i ty of  the r ec ipient  w i l l  be enhanced . 

The d i sea se de fence systems of the r e sp i r a to r y  and g a s t r o in t e s t 

i nal  t r ac t s  a r e  d i re c t l y  a f fec ted b y  hou s ing and an imal s  in  s i tua t ions 

o f  low r elat ive humid i t y , h igh tempe r a tur e s  and sudden c hange s in  

tempe r a tur e ( Sc haed le r and  Du bo s ,  1 9 6 2 ) . Lowe r wi nter  tempe r a tur e s  

and a s soc i ated a i r  movemen t s  may c r eate  a tendency towa r d s  a n  

i nc r ea sed i nc idence  o f  we ak p i g le t s  and mor tal i ty from r e sp i r a t o r y  

d i se a se s  (Moun t , 1 9 6 8 ) . 

( c) O the r biot i c  factor s .  

Commun i c a t ion be twe en an ima l s  w i t h i n  a spec i e s  v i a  sen sor y  

organ s by v i sual , t ac t i le , ol fac to r y  and aud i tor y st imul i ,  f r eque ntly  

occ u r s .  Suc h  s t imul i are  o f t e n  te r med t he soc i a l  compone n t  of the  

e nv i r onment . The  cumu l a t ive e f fe c t  of  such  s t imul i may  g ive r i se to  

bot h  imme d i ate  and d e l ayed r e spon se s man i fe st e i the r phys iolog i ca l l y , 

behav iour a l l y  o r  bot h .  Eva l ua t ion o f  t he re l a t i ve impor tance  of  such 

s t i mul i in  var i at ions  o f  r e pr od uc t i ve pe r for ma nce  has the r e fo r e  bee n 

d i ff icul t . 
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The role of  biot i c  st imul i in  the man ipulat ion of the r ep rod uc t ive 

pr oc e s se s  i n  dome s t ic an imal s ha s been r e v i ewed by Clegg and Doyle  

( 1 9 67) and in ungulate s by Fr a se r  ( 1 9 6 8 ) .  Summar i e s  o f  the se top i c s 

wi th spec ial  r e fe r e nce  to the p ig have bee n  g iven by Baldwin ( 1 9 6 9) ,  

S i g no r e t  ( 1 971 , 1 972) and Wr a tha l l  ( 1 975) . The author s conc l uded  tha t 

al though the ev idence for a role  seem i r r e futable , the se se n se s  

invol ved we re  i n te r - r e lated , but not one o f  them wa s a bso l u t e l y  

e s sen t ial . 

On the ev idence  ava i l a ble , i t  i s  a s sumed that the fac tor s ment ioned 

in  thi s  sec t ion a r e  l e s s  impo r tant than l i ght and tempe r a t u r e  i n  mo st  

spec i e s .  Howeve r ,  the role  o f  soc i a l  and  behaviour al  f ac tor s in  the 

normal reproduc t ive proce sse s  of the p i g , a l though a r e l a t i ve l y  recent  

top i c  of stud y ,  is  a s suming g r eater  impor tance . 



3 4 . 

CHAPTER TWO 

MATERIALS AND METHODS 

Data  for the analys i s  und e r take n came f r om the r ecor d s  of the 

Ma s sey Un ive r s i ty Pig R e s e a r ch Centre  collec ted ove r a seven yea r  

pe r iod , commenc ing Septembe r 1 9 7 0  and concl ud ing Augu s t  1 9 7 7 . 

( 1 )  The he r d  and i t s  manageme n t . 

( a )  S i ze a nd struc tur e .  Dur i ng the r e levant seve n yea r  pe r iod , the 

mean he rd s i z e  wa s around 5 0  breed ing fema le s and four br eed i ng 

ma l e s .  Two breeds of  fema l e s  we r e  kep t , name l � pur e br ed La r g e  Wh i t e s  

(55% ) and f i r st cross  Land r ace x Large Whi te sows and g i l t s  ( 45 % ) . 

Al l boar s  u sed in  the he rd we r e  of  Land r ace or ig i n . The sows i n  the 

he r d  var ied  in age f r om young g i l t s  to 1 2 th l i t t e r  sows . Al l membe r s 

o f  the he r d  we r e  ind i v idua l l y  ear  marked . 

( b) Replaceme nt pol icy. The he rd numbe r s  o f  Lar ge Whi te sows and 

Landr ace boar s we r e  ma inta i ned by unma ted g i l t  and boar  r eplac eme nts  

brought i n  on a regular  ( three  mon thly )  ba s i s  f r om the New Z e a land 

Na t ional P i g  Br eed i ng C e n t r e  of  the Por k  I nd u s t r y  Counc i l , wi th the 

Re search Centre  he r d  ac t ing a s  a c r o s sbred  mul t ipl ier  for th i s  nuc l e u s  

he rd . 

Repl acements  for  the c r 0 s sbred sow he r d  we r e  bred  a t  the Massey  

Un iver s i t y  Pig  Re search Cen tr e . 

(c ) Hea l th Sta tu s . Blood sample s  taken  pe r iod ically  from b r e e d ing 

and g r o w i ng stock dur i ng the seven yea r  pe r iod , showed Leptospi r a  
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pomona and por c i ne parvov i r u s  to be endemic . Howeve r ,  due to a 

gen e r a l  a bsence o f  a bor t ion and foe tal  mummi f ic a t ion , ne ither wa s 

con s id e r ed to be of  any ma j or s ig n i f icance i n  terms of  sub- fe r t i l i t y . 

Al l stoc k enter i ng the herd we r e  a llowed contac t w i t h  ma tur e sows f r om 

the t ime o f  se l ec t ion to f i r s t mat ing and we r e  rou t i ne ly vacc i na ted  

aga inst  leptosp i ro s i s  dur ing t he i r  f i r s t  pr egnancy . 

(d)  Hou s i ng .  Following wea n i ng from ind i v idua l far r owing pen s , 

sows we r e  held i n  groups unt i l  mated , i n  sem i -enc losed pens  ( F i g . 2. 1 ) , 

ad j ac e n t  to the boar s .  Immed i a t e l y  a f t e r  ma t i ng they we r e  t r a n sfe r r ed 

to i nd ivid ua l  sow stall s , loc a ted i n  a tota l l y  enclosed i n sula ted 

room ( Fig . 2 . 2 ) , where  they r ema ined for appr oximat e l y  four we e k s .  

S u b seque n t l y , they we re  g rouped into ba tche s o f  f ive and t r a n s fe r r ed 

to covered pe n s  i ncorpo r a t ing  i nd ividual  feed i ng ba i l s  for a f u r t h e r  

e ig h t  wee k s  ( F ig . 2. 3 ) , and f inal l y  for  t h e  l a s t  four wee k s  o f  pr egnancy 

we r e  moved to open pas tur e w i th acc e s s  to she l te r . Sows we r e  

t r a n sfe r red t o  t h e  far row i ng pens about one wee k  be fore  the i r  

an t ic ipated far rowing d ate . 

Unma ted g i l t s we r e  k ep t  in  semi -enclo sed pen s with  i nd i v id u a l  

feed i ng fac i l i t ie s , un t i l  ma ted a t  approx ima t e l y  l O Okg  l ivewe ig h t , 

and a l so dur i ng the i r  f ir s t  pr egnanc y . 

Boar s we re  housed i nd i vidua l l y  in  sem i -enclosed pen s  throug h 

t he i r  wor k ing l i fe on  the un i t . 

(e ) Ma t i ng system . Sows we re  ma ted a t  l e a s t  twice , under  supe r v i s ion ,  

d ur ing t he i r  f i r st oe s t r u s  fol lowing wea n i ng . The i n t e r va l  be twe e n  

s ucc e s s ive rna t i ng s  var i ed from about 8 t o  1 6  hou r s .  G i l t s  we r e  

s im i l ar l y  mated a t  approx imately  the i r  t h i rd pos t -puber a l  oe s t r u s . 

(f)  T ime of wea n i ng .  Dur i ng t h e  f i r s t  two yea r s  of  t h e  seven yea r  
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MONTHLY NUMBE R  OF SERVI CE S AND RESULTANT FARROWINGS AND RETURN S 

FOR A HERD OF SOWS OVER A SEVEN YEAR PERIOD 

Jun I J u l  I 
I 

Me thod o f  Se r vice I Jan Fe b Mar Apr May Aug Sep : Oc t I Nov Dec 
I 

I i I 

I YEAR 1 970  ; ' : i I I ' 
� fal No . �e r v i c e s  i 1 0  5 1 6  9 ' 

No Far r ow l ng s I 9 ! 3 1 2  0 
.No .  Re tur n s  

' 
1 2 4 9 

YEAR 1 9 7 1  ! : 
To tal Ser v i c e s  2 1  6 

' 
7 1 8  

I 
5 1 6  8 6 2 5  6 1 6  1 4  No . I 

No . Far rowing s 1 6  3 5 3 ! 3 1 1  6 5 1 4  4 1 3  5 
No . Re tur n s  5 3 2 2 I 2 5 2 1 1 1  2 3 9 I I I ' i I 

! I I 1 9 7 2  I i YEAR : ' : : 
Total No . Se r v ic e s  2 6  1 2  1 1  i 1 8  I 1 6  1 5  1 0  12  16  23  9 1 0  
No . Far r owi ng s  1 0  7 I 6 14  I 1 5  1 2  7 7 9 14  8 6 

I I 
No . Re tur n s  1 6  5 5 4 I 1 3 3 5 7 9 1 4 

I 
I I ; I 

YEAR : 1 973 I : I ; 
To tal No . Se r vi c e s  1 6  2 3  1 5  1 8  6 1 0  

I 
1 3  1 4  1 2  1 4  8 1 2  I ! 

No . Far r owi ng s 8 1 3  1 2  1 6  I 6 9 1 3  1 3  1 1  1 2  6 7 I 
No . Re tur n s  8 1 0  3 2 ! 0 1 0 1 1 2 2 5 

I 

I I I 
YEAR : 1 9 7 4 ·, 

i 
To al No . Se r v ic e s  2 1  1 3  1 5  9 1 0  12 14  18  7 i 1 3  1 6  1 5  I 

No Far r ow i ng s 12  1 1  I 1 2  7 1 0  1 1  1 2  1 6  5 I 1 0  I 1 4  1 2  ' 
No Re tur ns  9 2 ! 3 2 0 1 I 2 2 2 I 3 ' 3 3 I I I ! 

YE �R . 1 9 7 5 I . 

To al No . Se r v i c e s  1 1  1 3  1 3  I 1 4  1 3  6 1 7  1 1  1 2  1 0  1 1  1 5  i 
No Far r owin g s  7 1 2  1 2  

I 
1 3  11  5 1 3  1 0  9 6 I 4 1 2  

1 No Re tur n s  4 1 : 1 1 2 1 4 1 3 4 ! 7 3 I 
I i I 

L- i I ; YE �R . 1 9 7 6 ! I I . I 

To al No . Se r v i c e s  1 6  2 2  ' 2 1  i 9 i 1 6  9 9 21  1 7  1 5  1 1  2 0  
No . Far r owi ng s I I 

5 1 3  I 1 6  I 8 1 3  5 6 1 4  1 0  1 2  7 1 1  
No . Re tur n s  11  9 I 5 1 I 3 4 3 I 7 I 7 3 4 9 

l I I I ' 

YEAR . 1 9 7 7 I I I I 
I i . 

I I I 
Total  No . Se r vi c e s 1 6  1 9  2 0  1 4  : 11  1 3  1 2  1 7  I 

! ' 
No . Far rowing s 1 1  9 ! 1 2  8 ! 6 ' 6 5 I 1 3  ; 

I 
No . Re tur n s  5 1 0  8 6 5 7 7 4 I I I i 
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pe r iod , pigl e t s  we re  weaned a t  approx imately  thr ee  wee k s  of  age . The 

leng t h  o f  the suc k l i ng per iod wa s extended to appr ox ima t e l y  f ive  

wee k s  for  the r e s t  o f  the pe r iod . Wea n i ng s  we r e  u nde r t a k e n  on the  

Thur sday of  e ac h  wee k  i n  an a ttempt to avo id wee k end se r v ice s .  

(g) Feed i ng.  Wi t h  the  except ion o f  pr egnant sows on  pa stur e ,  

br eed ing stoc k , compr i s i ng g il t s  f r om the t ime of s e l ec t ion , l ac ta t i ng 

sows , g e sta t i ng sows and boa r s  we r e  fed on the same d i e t  dur ing t he 

e n t i r e  seven yea r  pe r iod . The compo s i t ion of th i s  d ie t , wh ich wa s 

pr epared  from s tr a ights  a t  the Un ive r s i ty Fe ed Ce n tr e , i s  g iven i n  

Appe nd ix  I .  Gr a z i ng sows we r e  f e d  a pe l l e tted mea l  a s  a supplement  

to g r a z i ng ,  the compo s i t ion o f  this  d ie t  is  shown i n  Appe nd ix I I .  The 

da i l y  quant i t ie s  of  feed al lowed we r e  a s  fol lows : 

Unma ted g i l t s 

We aned sows 

Ge s ta t i ng sows - housed 

- g r a z ing 

Lac t a t i ng sows 

Da i l y  Feed  Allowance ( kg )  

2 . 5 

3-4  (day  of  wea n i ng to day  
o f  mat i ng ) 

2 - 2 . 5  ( po s t  ma t i ng )  

1 - 2 . 5  

5-6 ( appr ox imately  5 wee k s )  

Boa r s 2 . 5-3 . 0 ( accord i ng to body 
cond i t ion ) 

( h )  Par a s i te control . All  sows we r e  t r ea ted r ou t i ne l y  w i t h  an  

anthelmi n t ic ( d i c hlorvo s )  j u st  pr ior to tr ansfer  to t he f a r r ow i ng 

quar te r s  and aga i n  a t  wea n i ng . G il t s  wer e  l i kewi se  t r e a ted a t  select ion 

and boa r s four t ime s year l y .  

Ex t e r nal  par a s i te s  we r e  con t r ol led by spr ay ( l i ndane ) o n  t r a n sf e r  

to and f r om t h e  f a r r owing quar t e r s a nd when deemed nece s sa r y  a t  o t h e r  

t ime s .  
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( 2) Col le c t ion of  d a ta and sta t i st ic a l  analys i s . The data  u sed for  

examina t ion we r e  t ho se wh ich had  bee n  coll e c ted for normal herd  

r ecor d i ng pur pose s dur i ng the seven  year s ,  and i n c l uded i nd ividual  

sow, ma t i ng and far r owing r ecor d s . The  record  of each  serv ice wa s 

taken a s  the pr ime observa t ion . I t  conta i ned ( d a t a  of ) the date  o f  

ma t i ng s ,  t h e  b r e e d  and par i ty o f  t he sow ( t he numbe r o f  l i t te r s the 

sow had bor ne pr ior  to the se r v ic e ) ,  the r e tur n or  far r ow i ng d a te , 

and whe r e  appl icable , the number o f  p ig l e t s  bor n  a l ive and dead . 

Wi t h  r egard  to the numbe r o f  pr ime observat ions ( 1 , 14 4  for the  

seven ye a r  per iod ) , a calend a r  mon t h  wa s c hosen a s  the un i t  of  t ime 

in  th i s  s t ud y .  The monthly n umber of  se rv ice s and the r e su l ta n t  

number o f  f a r r ow i ng s  and r etur n s , for e a c h  yea r  a r e  summar i zed 

in  Table  2. 1 .  

( 3 )  Mea sur e s  o f  f e r t i l i ty. T he fe r t i l i ty of a br eed i ng a n imal i s  a 

func t ion o f  seve r al factor s .  Wi t h  r egard  to the i n forma t ion ava i lable , 

the mea su r e s  of  fe r t i l i ty u sed i n  th i s  study we r e ; far r ow i ng r a te , 

r e tu r n  to se r v ice  patte r n  and l i t t e r  s i ze a t  b i r t h . 

Far r ow i ng r ate i s  de f ined a s  - numbe r o f  far r ow i ng s  to s e r v ice 

X 1 0 0  . -1-

The observat ions of r e t u r n  to serv ice ( RT S )  pa t te r n  we r e  c l a s s i f i ed 

a s  e i the r " normal " or  " abnorma l " , on the ba s i s  of  the l e ng t h  o f  the  

RTS i n t e r val . The observa t ions i n c l uded i n  the normal  g roup , had an  

i n te r va l  o f  1 8 -2 4  or  3 6 - 4 8  days  inc l u s ive . I n  the se sows , impla n t a t ion 

wa s con s id e r ed to have fa iled , a l t hough in some sows with a 3 6 - 4 8  RTS 

i n t e r val , implantat ion may have occ ur r ed and for some r e a son had 

subseque n t l y  bee n  fol lowed by embr yon i c  los s . The RTS i n te r va l s  o f  
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2 5 -3 5  and g r e a t e r  than 4 9  days i n  leng th we r e  c l a s s i f i ed a s  abno r mal . 

I n  the se c a se s ,  implantat ion wa s cons ide red  to have taken  place , 

but had been fol lowed by e i the r embr yon ic mor tal i ty ,  l o s s  of  concept u s  

o r  a bor t ion , r e sul t ing in  the sow r e t u r n ing to o e s t r us . Howeve r ,  

in  some of  t he sows d i splaying o e s t r u s  6 1 -8 0 days fo l lowing ma t i ng , 

impl antat ion may not i n  fact have taken  place . Al thoug h i n  th i s  c a se 

oe s t r u s  may have pas sed unde tected , i t  i s  mor e  proba ble  that  the se 

sows d i splayed s i l e n t  oe str u s . 

The var i a bl e s  o f  l i t ter  numbe r s  a t  bi r th chosen  a s  a me a s u r e  

o f  the f e r t i l i ty o f  far r owings wer e :  the total  number  o f  b i r ths  

bor n  pe r l i t t e r  and the  n umbe r o f  l ive b i r ths pe r l i tte r . A 

d i f f e r e nce  be tween  the two may r e s u l t  from lo ss  o f  concept u s  d u r ing 

the l a t t e r  stag e s  o f  pr egnancy whe n r e sorpt ion doe s not occ ur . 

( 4 ) St a t i st ic a l  analyse s .  A l l  analyse s for examin i ng sea sonal  

var iat ion i n  fe r t i l i ty wer e  on a monthly ba s i s  ( t he mon t h  o f  ma t i ng ) . 

The far r owing r ate and the r e t ur n  to serv ice pa tte r n  data  we re  

e ac h  analysed i n  two ways . Each se r v i c e  wa s con s ide red  an obse r va t ion 

in  the f i r s t an alys i s ,  whe r ea s  only i n i t i a l  obse r va t ions ( t he se 

i ncluded the f i r st se r v ice of  a g i l t  and the f i r st post-we aning ma t i ng 

o f  older  sows ) wer e  con sidered  i n  t he second analys i s .  I n  the l a t te r  

c a se , any pos s i ble  b i a s  i n  the obse rva t ion s r e sul t i ng f r om cor r e la t ions  

be tween t he outcome o f  f i r st and sub sequent ma t i ng s of  t he same anima l , 

wa s e l im inated . Monthly far r owing r a t e s  we r e  r epl ic ated a c r o s s  yea r s ,  

a s  we r e  the mon thly p r opo r t ion s o f  r e tu r n  to se r v i ce i n t e r v a l s  o f  

a bnorma l  l e ng t h . In  order  to improve t he normal i ty o f  d i s t r i bu t ion 

a nd stabi l i z e  appr ox ima t e l y  the var i ance , t he total n umbe r of  se r v ice s 

and the n umbe r o f  r e sultant  far r o w i ng s  i n  e ach mon t h  we r e  t r an s fo r med  
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a c c o r d i ng t o  t he Fr e e m a n -T u k e y  v a r i a nc e  s t a b i l i z i ng a r c - s i ne 

t r a n s fo r ma t i o n  ( F r e e ma n a nd T u k e y ,  1 9 5 0 ) . The mo n t h l y  t o t a l  n umbe r 

o f  r e t u r n s  a n d  t h e  n um b e r  o f  a bn o r ma l r e t u r n s  pe r mon t h  we r e  a l so 

s u b j e c t  t o  t h e s a me t r a n s fo r ma t i o n . T h e  t r a n s fo F me d  d a t a  fo r e a c h  

a n a l y s i s  wa s s u b j e c t e d  t o  a n  a n a l y s i s o f  v a r i an c e , r e p r e s e n t e d  b y  

t h e  mod e l s  be l o w . Du e to u n e q u a l  s u bc l a s s  n um b e r s a nd t he e x i s t e n c e  

o f  e mp t y  c e l l s , t he a n a l y s e s o f  v a r i a n c e  we r e  c o n d u c t ed u s i ng t he 

f i t t i ng c o n s t a n t s  me t hod ( Ya t e s ,  1 9 3 4 ) .  T h e  comp u t i n g  p a c k a g e s  

m i n i t a b  a nd G L I M  we r e  u sed i n  pe r fo r m i n g  t h e  a n a l y se s . 

The b a s i c  mod e l  i s  t h a t o f  a t wo - w a y  c r o s s  c l a s s i f i c a t i o n  w i t h  

i n t e r ac t i o n . T h e  e q u a t ion o f  t he mod e l  i s :  

y . . k = JJ + et .  + B . +  ( O' S )  . .  + e . . k 
� J  � J � J � J  

whe r e  lJ i s  t h e  o ve r a l l  m e a n , t he f i x ed e f f e c t o f  b r e e d  o f  d a m  

( i  = 1 o r  2 ) , . t he f i x e d  e f f ec t o f  mo n t h  o f  se r v i c e  r e l e v a n t  fo r 

t he k
t h  

o b s e r v a t i o n , t he i n d i v i d u a l  i n t e r ac t i o n  e f fe c t s  o f a 

a nd B , a nd t he e r r o r  pe r c u l i a r  t o  t h e  k
t h  

o b se r v a t i o n . 

Fo u r  o f  t h e  b a s i c t wo - w a y  c r o s s  c l a s s i f i c a t i o n w i t h  i n t e r ac t i on mod e l s  

we r e  u se d  t o  a n a l y se o b se r v a t i on s  f o r ; t he mo n t h l y  f a r r ow i ng r a t e  

t o  a l l  se r v i c e s  ( M od e l  1 ) , t he mon t h l y  f a r r ow i ng r a t e  t o  i n i t i a l  

se r v i ce s ( M od e l  2 ) , t h e  p r opo r t i o n  o f  r e t u r n s  t o  a l l  s e r v i c e s  o f  

a bn o r ma l  l e n g t h  p e r  mo n t h (Mod e l  3 )  a nd t he p r opo r t i o n  o f  r e t u r n s  t o  

i n i t i a l  s e r v i c e s o f  a bn o r ma l  l e ng t h  ( Mod e l  4 ) . T he i n t e r ac t i o n  e f fe c t  

wa s e xc l u d e d  i n  Mod e l s  3 a n d  4 d u e  t o  e mp t y  a n d  l i m i t e d  n um b e r s  o f  

o b se r va t i o n s p e r  c e l l . S i m i l a r l y , t h e  f i x e d  e f f ec t , b r e e d  ( i ) , wa s 

e x c l u d ed f r om Mod e l s  3 a n d  4 a s  b r e e d  wa s f o u n d  to b e  non - s i g n i f i c a n t  

i n  a c c o un t i n g  f o r  v a r i a t i on s  i n  t he p r op o r t i on s o f  r e t u r n s , o f  

a b n o r m a l  l e ng t h  w h e n  a n a l y s e d  u s i ng t h e  t wo -w a y  c l a s s i f i c a t i o n  mod e l  
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( Mod e l s  5 a nd 6 ) . 

T h e  d a t a  on l i t te r  numbe r s a t  b i r t h ;  to t a l  numbe r o f  p i g l e t s  

bo r n  pe r l i t te r  ( Mod e l  7 )  a nd t h e  n u m b e r  o f  p i g l e t s  bo r n  a l i ve 

pe r l i t te r  ( Mod e l  8 ) ,  we r e  e a c h  s u b j e c ted to a n  a n a l y s i s  o f  var i a n c e  

a c c or d i ng t o  t he mod e l  

0 0 h l th f k th 0 whe r e  Y i j k l 1 s  the obse r va t 1 o n  o n  t e sow o p a r 1 ty ,  

m a t e d  i n  i t 1 mo n t h  a nd , o f  t he j thbr e ed , � i s the o ve r a l l  me a n  

s t h e  f ix e d  e f f e c t o f  br e e d  o f  sow ( i  = 1 o r  2 ) , a  t h e  f i xed 

e f f e c t of t h e  mon t h  of s e r v i c e  f r om w h i c h  the fa r r ow i ng r e su l te d , 

Y t he f i xed e f f ec t o f  p a r i t y ( 0  r e p r e se n t s  g i l t s  a n d  f i r s t l i t t e r 

sows , 1 r e pr e se n t s  sows t h a t  have bo r ne two o r  mo r e  l i t t e r s ) , 

( a S ) i j t h e  i nd i v id u a l  i n te r a t i o n  e f f e c t s  o f  a i a nd S J  

t he i nd i v id u a l  i n te r ac t ion e f fec t s  o f  a ia nd Y k , ( S y )j � he i nd i v id u a l  

i n t e r ac t i o n  e f fe c t s  o f  S j a nd � a nd e i j k l  t h e  r e s id ua l  e r r o r un i qu e  

t o  e ij k ( Al l e ij k we r e  a s sumed N = 0 As bo t h  v a r i a bl e s  a r e  

d i sc r e te , no r ma l i t y c a n n o t  be a s sumed l i k e l y . Exam i n a t i o n  o f  

t h e  d a t a  o n  bo t h  l i t te r  s i z e a t  b i r t h v a r i a bl e s  i nd i c a te d  tha t a 

t r a n s fo r ma t i o n  wa s u nnce ssa r y . ) 

Mul t iple compa r i so n  t e s t  

D i f f e r e nc e s be t we e n  t h e  var i o u s l e ve l s  o f  t he f i xe d  e f fe c t  mon t h  

o f  s e r v i ce , fo r t he f a r r o w i n g  r a te a nd r e t ur n t o  s e r v i c e  d a t a  we r e  

t e s ted f o r  s i g n i f i c an c e  u s i ng t h e  l e a s t  s i g n i f ic a n t  d i f fe r e nc e s  t e s t . 
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TAB LE 3 . l  

MON THLY D I FFERENC E S  ( % )  I N  FARROW ING RATE TO ALL SERVI CES 

RECORDED DUR I N G  EACH MONTH ( RE LAT I VE TO MON T H  SHOWN I N  

LEFT HAND COLUMN ) 

Jan Fe b Ma r Ap r May J un J u l A u g  Sep Oc t Nov D e c  
n s  * * * n s  * * n s  n s  n s  n s  

Jan + 9 . 0  + 1 8 . 5  + 2 6 . 7  + 2 7 . 0  + 1 7 . 9  + 1 8  . 6  + 2 4 . 6  + 1 6 . 3  + 1 5 . 0 + 1 7 . 5 + 4 . 2  

ns ns * n s  n s  n s n s n s  n s n s  
Fe b + 9 . 5  + 1 7 . 7  + 1 8 . 0  + 8 . 9  + 9 . 6  + 1 5 . 6  + 7 . 3  + 6 . 0  + 8 . 5  - 1 3 . 2  

n s  n s n s  n s  n s  n s  n s  n s  * 

Mar + 8 . 2  + 8 . 5  - 0 . 6  + 0 . 1  + 6 . 1  - 2 . 2  - 3 . 5  - l . O  - 2 2 . 7  

n s  n s  n s  n s  n s  n s  n s  * 

Ap r + 0 . 3  - 8 . 8  - 8 . 1  - 2 . 1  - 1 0 . 4  - 1 1 . 7  - 9 . 2  - 3 0 . 9  

n s  n s  n s  n s  n s  n s  * 

Ma y - 9 . 1  - 8 . 4  - 2 . 4  - 1 0 . 7  - 1 2 . 0  - 9 . 5  - 3 1 . 2  

ns n s n s  n s  n s  * 

J un + 0 . 7  + 6 . 7  - 1 . 6  - 2 . 9  + 0 . 4  - 2 2 . 1  

n s n s  n s  ns * 

J u l  + 6 . 0  - 2 . 3  - 3 . 6  - 1 . 1  - 2 2 . 8  

n s  n s  n s  * 

Aug - 8 . 6 + 0 . 4  - 7 . 1  - 2 8 . 8  

n s  n s  * 

Se p - 1 . 3  + 1 . 2  - 2 0 . 5  

n s  * 

Oc t + 2 . 5  - 1 9 . 2  

* 

Nov - 2 1 . 7  

Dec 
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CHAPTER THREE 

RESULTS 

( A ) Far rowing Ra te s .  

Ove r all , 8 0 1 se r v i c e s  r ecor ded ove r  the seven year  per iod 

we r e  s ucce ssful  : a far r owing r a te of  7 0 % .  

( l ) I n fluence o f  month o f  ma t i ng .  When a l l  se rvice s r ecor ded dur ing 

each month of  the ye ar  we r e  taken i nto con s id e r a t ion , mon t h  of 

se r v ice  s ign i f icantly  i n f l uenced { F < O . O S )  the far r ow i ng r a te o f  sows 

and g i l t s in t he he rd  {Appe nd ix I I I ) . 

F igur e s  g iven i n  Table 3 . 1 ,  wh i c h  summar i z e  the mon thly 

d i f fe r e nc e s  i n  far rowing r ate , show that  mat ing s  which  occur r ed 

dur i ng December r e sul ted  i n  a s ign i f i c a n tl y  lowe r far row i ng r a te than 

. ma t i ng s  that took place dur ing t he rema in i ng mont h s  o f  the year except 

those  in Januar y and Fe br uar y .  The far row i ng r a te for bot h  Januar y 

and Fe br uar y ma t i ng s we r e  a l so s ign i f icantly  lowe r t han t ha t for 

some months  of  the year . 

The depr e s sed far r ow i ng r ate o f  ma t ing s dur i ng Decembe r , Januar y 

and Fe br uar y  a r e  shown i n  F ig u r e  3 •. ..J. whe r e  ac tual f a r r ow i ng r a te s  to 

all  se r v ice s r ecorded on a monthly ba s i s  a r e  g iven . 

When i n i t i a l  ser v ic e s only , r ecorded dur i ng e a c h  mon t h , we r e  taken  

into  cons ide r a t ion , subsequen t far r owing r a te s we r e  aga i n  s i gn i f ic a n t l y  

i n f l ue nced b y  t h e  mon t h  of  ma t ing { P < O . Ol )  (Append ix I V ) . Re f e r ence  

to Table  3 . 2 ,  i n  which  the  monthly d i ffe r e nc e s  in far r ow i ng r a te to  

ini t i a l  ser v i c e s  are  summa r i zed , t he ma t i ng s o f  Decembe r r e sul ted in  



F I GURE 3 . 1  Me an e f f e c t  o f  mo n t h  o f  s e rv i c e  
o n  f a r r owing r a t e  t o  a l l  r e c o r d e d  
s e r v i c e s . 
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TABLE 3 . 2  

MONT HLY DIFFERENCES ( %) I N  FARROWING RATE TO INIT IAL SERVICE S 

ONLY RECORDED DURING EAC H  MONTH ( RELATIVE TO MONTH SHOWN IN  

LEFT HAND COLUMN ) 

J a n  Fe b Mar Apr May Jun J ul Aug Sep Oc t Nov Dec 

n s  ns * *  * *  n s  * * *  ns ns ns ns 
Jan + 1 . 0  + 1 8 . 0  + 2 9 . 4  + 2 5 . 4  +17 . 3  + 1 8 . 0  + 2 5 . 0  + 9 . 2  + 1 5 . 4  + 1 3 . 2  - 8 . 2  

n s  * *  * *  n s  ns * ns ns ns ns 
Fe b + 1 7 . 0  + 2 8 . 4  + 2 4 . 4  +16 . 3  + 1 7 . 0  + 2 4 . 0  + 8 . 2  + 1 4 . 4  + 1 2 . 2 - 9 . 2  

ns ns ns n s  ns n s n s  n s  * *  
Mar +11 . 4  + 7 . 4  + 0 . 7  0 . 0  + 7 . o  - 8 . 8  - 2 . 6  - 4 . 8  - 2 6 . 2  

n s  ns ns ns * ns ns * *  
Apr - 4 . 0  - 1 2 . 1  - 1 1 . 4  - 4 . 4  - 2 0 . 2  - 1 4 . 0  - 1 6 . 2  - 3 7 . 6  

ns n s  n s  n s  n s  ns * *  
Nay - 8 . 1  - 7 . 4  - 0 . 4  - 1 6 . 2  - 1 0 . 0  - 1 2 . 2  - 3 3 . 6  

n s  n s  n s  ns ns * *  
Jun + 0 . 7  + 7 . 7  - 8 . 1  - 1 . 9  - 4 . 1  - 2 5 . 5  

ns n s  n s  ns * *  
Jul + 7 . 0  - 8 . 8  - 2 . 6  - 4 . 8  - 2 6 . 2  

n s  n s  n s  * *  
Aug - 1 5 . 8  - 9 . 6  - 1 1 . 8  - 3 3 . 2  

ns ns * 
Sep + 6 . 2  + 4 . 0  - 1 7 . 4  

ns * 
Oc t - 2 . 2  -2 3 . 6 

* 
Nov - 2 1 . 4  

Dec 
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s ig n i f icantly  depr e s sed far r ow i ng r ate s when compar ed to othe r months  

o f  the  year . Januar y and  Fe br uar y ma t ing s too re sulted i n  s ign i f icantly  

l owe r f a r rowing r a te s than for some mat i ng s  i n  other  months  of  the  

yea r . The far rowing r ate of  September ma t i ng s wa s s ign i f ic a n t l y  

l owe r t han Apr i l  ma t i ng s .  F is u r e  3 . 2  i s  a gr aph i c a l  r epr e se n ta t ion . 

( 2 )  I n f l uence of  br e ed . In r e spec t  o f  a l l  serv ice s recorded each  

mon t h ,  Landr ace x Large  Wh i te sows and g i l t s  had a h igher  far r ow i ng 

r ate ove r a l l  than d id pur e br ed Lar g e  Wh i te b r e ed ing female s ( P <0 . 0 5 )  

( Append ix  I I I ) . Re fe r e nce  to F igur e 3 . 3  shows that the breed d i f fe r e nce 

in favour of the c r o s s br e d  dams wa s 5 % un i t s . 

The f i r s t  order  br e ed x month  o f  ma t ing i n t e r a c t ion wa s not  

s ign i f i c a n t  ( P > 0 . 0 5 )  ind ic a t i ng tha t  the e ff e c t  of  month  of  ma t ing 

( al l  serv ice s )  on far r owing r a te wa s similar for  the c r o s sbred and 

pur ebred  sows and g i l t s . 

Wi t h  r e ference to i n i t ia l  se rv ice s onl y , recorded on a mon thly 

ba s i s ,  t he far row ing r a te for  t he c r o s sbred Landr ace x Large  Wh i t e  

and pur e br e d  Lar g e  Wh i te sows and g i l t s  wa s not s ign i f icant  ( P> 0 . 0 5 )  

(Appe nd ix  I V ) . Fig ur e 3 .  3 dep i c t s  the far r ow i ng r ate s to in i t i a l  

se r v ice for both pur e bred and c rossbred sows and g i l t s .  

( B ) Re tur n to Se r v ice P a t te r n . 

Ove r a l l , the propo r t ion o f  r e tu r ns to se r v ice which we r e  o f  

a bnormal l e ng t h , i . e .  2 5 - 3 5  and gr e a ter  than 4 9  days post  ma t ing , 

wa s 4 4 . 9 % ·� Th i s  f ig u r e  wa s s ign i f icantly  influenced by mon t h  o f  s e r v ice 

( P< 0 . 0 5 )  but  not by the breed o f  the dam ( pur e bred  or  c ro ssbred ) 

( Append ix  V ) . 

F i g u r e s  g iven i n  Table 3 . 3  show the mon t h s  i n  wh ich the propo r t ion 
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Me an f a r r ow i n g  r a t e  o f  p ur e b r e d  and c r o s s b r e d  
S OW S  

A a l l  s e rv i c e s  B i n i t i a l  s e rv i c e s  on l y  
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F I GURE 3 . 3  Me a n  e f f e c t o f  mo n t h  o f  s e rv i c e  o n  
f a r r ow i ng r a t e  t o  i n i t i a l  s e r v i c e s  o n l y  
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TAB LE 3 . 3  

MONTHLY D I FFERE N C E S  I N  THE P ROPORT I ON OF HETURN S TO SERV I CE 

OF ABNORMAL LENGTH ( % )  - A L L  S E RV I C E S  I NCLUDED ( RELAT I VE TO 

MON TH SH OWN I N  LEFT HAND CO LUMN ) 

J a n  Fe b M a r  Apr Ma y J u n  J u l  A ug Sep Oc t Nov Dec 

n s  n s  ns n s n s n s n s  n s  n s  n s  n s  
J a n + 13 . 9  + 1 1 . 8  - 1 0 . 7  - 1 5 . 2  - 2 9 . 5  - 1 8 . 5  - 1 0 . 5  + 2 6 . 8  - 1 2 . 2 -1 8 . 6 + 2 6 . 5  

n s ns ns * ns n s  n s  ns ns n s  
Fe b - 2 . 1  - 2 4 . 6  - 2 9 . 1 - 4 3 . 4  - 3 2 . 1  -3 2 . 1  + 1 2 .  9 - 2 6 . 1  -3 3 . 0 + 1 2 . 6  

n s  n s * ns n s  n s ns n s  ns 
Ma r - 2 2 . 5  - 2 7 . 0  - 4 1 . 3 - 3 0 . 0  - 3 0 . 0  + 1 5 . 0  - 2 4 . 0  - 3 0 . 1  + 1 4 . 7 

n s  ns n s  ns * n s  n s  * 
Ap r - 4 . 5  - 1 8 . 8  - 7 . 5  - 7 . 5  + 3 7 . 5  - 1 . 6  - 8 . 4  + 3 7 . 2  

n s n s  ns ns n s n s ns 
Ma y - 1 4 . 3  - 3 . 0 - 3 . 0  + 4 2 . 0  + 3 . 0  - 4 . 9 + 4 1 . 7 

n s n s * *  n s ns * *  
Jun + l l . 3 + l l . 3 + 5 6 . 3 + 1 7 . 3 +1 0 . 4  + 5 6 . 0  

ns * ns n s  * 
J u l  0 . 0  + 4 5 . 0  + 6 . 0  - 0 . 9 + 4 4 . 7  

ns ns ns ns 
A u g  + 4 5 . 0  + 6 . 0  - 0 . 9  + 4 4 . 7  

* * n s  
Se p - 3 9 . 0  - 4 5 . 9  - 0 . 3  

n s * 
Oc t - 6 . 9  + 3 8 . 7  

* 
Nov + 4 5 . 6  

Dec 
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o f  r e tur n s  o f  a bnormal leng t h  to a l l  serv ice s a r e  s ign i f icantly  

d i f fe r e n t . The propo r t ion o f  a bnormal leng t h  r e tur n s  tha t re sul ted 

from the December ma t ing s wa s s i gn i f icantly  h i g he r  than the propor t ion 

that occur r ed f r om ma t ing s dur ing  many other mont h s  o f  t he yea r . 

Mat ing s whi c h  took place dur i ng Septembe r also r e sul ted i n  a 

sign i f i ca n t l y  gr e a te r  propor t ion o f  r e tu r n s  o f  abnor mal l e ng t h . 

Dur ing Septembe r , the propor t ion of  a bnor mal r e tur n s  wa s g r e a t e r  

for some ye ar s t h a n  othe r s  but , neve r t he le s s , the mag n i tude of  abnormal 

r e tur n s  dur i ng t h i s  par t icular  month wa s i n  g e ne r a l  l a r g e r  than for 

mo st  mon t h s  o f  t h e  year . A s ign i f icant  d i ffe r enc e  wa s a l so appa r en t  

for the mont h s  o f  Fe br uar y and Mar c h  when compared w i t h  June , a mon t h  

i n  whi c h  v e r y  f e w  mat ing s r e sulted  i n  r e tu r n s  of  a bnormal leng th . 

Howe ve r , analyse s of  the i n fluence o f  the month of  ma t i ng on t he 

propor t ion o f  r e tu r n s  of abnormal leng th exc lud ing br eed  in  the 

Model ( Mod e l  5 )  showed no s ign i f icant  d i f f e r e nce be twe e n  the months  

( P > O . O S ) . 

The ove r a l l  e ffec t of  mon t h  of  ma t i ng on the actual  pe rcentage 

o f  r e tur n s  of a bnor mal leng t h  to all se r v ic e s  is shown i n  F ig u r e  3 . 4 .  

In  t he months  December , Fe bruar y ,  Mar c h  and Septembe r ,  the r el a t i ve 

propo r t ion of  r e tur n s  abnormal i n  leng t h  we re  h ig he r  than those for 

the r ema i nd e r  of  the year . 

The mon t h  o f  serv ice s ign i f i cantly af fec ted the  propo r t ion o f  

r e tur n s  t o  s e r v i c e  abnorma l  i n  l e ng t h  ( P< O . Ol ) , accord i ng t o  Mod e l  4 .  

Breed o f  sow , a f ixed a f fe c t  o f  Mode l  4 ,  wa s no t s ign i f i c a n t  

( Append i x  VI I ) .  S ign i f icant d i f fe r e nce s be tween  the mon thly  propo r t ion 

o f  r e tur n s  to se r vice  of  abnormal leng t h  ( P> O . O S )  r ema ined when 

breed wa s exc l ud e d  as a ma in  e ffec t (Mod e l  6 ) . From the  summar y  g iven 

of t he i n fluence of month  on the p r opo r t ion of  re tur n s  a bnormal i n  



F I GURE 3 .  4 M e an e f f e c t  o f  mo n t h  o f  s e rv i c e  on t h e  
p r o p o r t i o n  o f  r e turn s o f  ab n o rma l l eng t h  
t o  a l l  s e r v i c e s . 
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'l'AB LE 3 .  4 

MON T H L Y  D I FFERE N CE S I N  THE P ROPO�r l ON OF RET URN S TO SERV I C E  

OF' ABNOR1'1A L LEN G'r H  BETWEEN MON'I'HS ( % )  T O  I N I T I A L MA'r i NG S  

O N L Y  ( RE LAT I VE T O  MON T H  S HOWN l N  LEF'T HAN D COLUMN ) 

Jan Fe b Ma r Ap r M a y  J u n  J u l  A u g  Se p Oc t Nov Dec 

n s  n s  n s  n s  * *  ns ns ns ns * ns 
J a n - 5 . 0  + 8 . 5  + 3 9 . 4  + 4 . 5  + 5 6 . 5  + 3 6 . 0  + 1 4 . 5  - 1 7 . 3  + 1 2 . 4  + 3 7 . 7  -1 3 . 1  

ns n s  ns * *  * ns n s  n s  * n s  
Fe b + 1 3 . 5 + 4 4 . 4  + 9 . 5  + 6 1 . 5  + 4 1 . 0  + 1 9 . 5  - 1 2 . 3  + 1 7 . 4  + 4 2 . 7  - 8 . 1  

n s n s  * n s  ns n s  n s  n s  n s  
fViar + 3 0 . 9  - 4 . 0  + 4 8 . 0  - 2 7 . 5  - 6 . 0  - 2 5 . 8  + 3 . 9  + 2 9 . 2  - 2 1 . 6  

n s  n s  n s  ns * n s  n s  * 
Apr - 3 4 . 9  + 1 7 . 1  - 3 . 4  - 2 4 . 9  - 5 6 . 7  - 2 7 . 0  - 1 . 7 - 5 2 . 6  

* ns ns ns n s n s  n s  
M a y  + 5 2 . 0  + 3 1 .  5 + 1 0 . 0  - 2 1 . 8  + 7 . 9  + 2 3 . 2  - 1 7 . 6  

ns ns * *  * ns * *  
J u n  - 2 0 . 5  - 4 2 . 0  - 7 3 . 8  - 4 4 . 1  - 18 . 8  - 6 9 . 6  

n s  * *  n s  n s  * *  
J u l - 2 1 . 5  - 5 3 . 3  - 2 3 . 6  + 1 . 7  - 4 9 . 1  

n s  n s  n s  n s  
A u g  - 3 1 . 8  - 2 . 1 + 1 3 . 2 - 2 7 . 6  

n s  * *  n s  
S e p  + 2 9 . 7  + 5 5 . 0  + 4 . 2 

n s  ns 
Oc t + 2 5 . 3  - 2 5 . 5  

* *  
Nov - 5 0 . 8  

Dec 
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leng t h  ( Table  3 . 4 ) , t he months  o f  Decembe r , June and September we r e  

s ign i f icantly  d i f fer e nt than t h e  propor t ion o f  a bnormal r e tur n s  to 

mat ing s i n  othe r mon ths . Wi t h  the exception of  J une , t he r e  wa s a 

s ign i f icant  i nc r e a se when compar e d  w i t h  other months  o f  the  year . 

The similar i t y  o f  the influence o f  month  on t he propor t ion of  abnormal 

r e tur ns  for bot h  s i tua t ions ( a l l  ma t ing s con s idered  ( Table  3 . 3 )  a nd 

only in i t i a l  mat i ng s (Table 3 . 4 ) ) ,  t he r e tur n sows appea r  not  to 

excentua te the  problem . 

F i g u r e  3 . 5  shows the influence o f  month on t he propor t ion o f  

abnormal r e tur n s  t o  i n i t ial  se r v i ce g r aphical ly . 

( C ) L i tt e r  Number s a t  Bi r th .  

To tal  b i r ths  - the mean numbe r of  total bir ths  pe r l i t t e r  on a 

yea r l y  ba s i s  i s  shown i n  F ig u r e  3 . 6 .  T he g r adual decl i ne i n  the 

mean number of total  b i r th s  pe r l i t t e r  tha t occur r ed un t i l  1 9 7 3  

r e flec ted the  c hange s i n  the herd s t r uc tur e that took place a t  th i s  

t ime . Many sows we r e  culled , due to poor r eproduc t ive per forman9e 

and r eplaced by Lar g e  .whi te g i l t s  wh ich too had compa r a t ive l y  poor 

leve l s  of pe r for mance . The low value  for the 1 9 7 3  bor n  l i tter s 

wa s not a r e f lec t ion o f  per formance ove r the whole herd but wa s 

conf ined to two f r ac t ions . Fir s tly , concept ion and l i t ter  s i ze  

decl ined for  sows i nvolved in  expe r imental  wor k wh ich  nece s s i ta ted  

surg ical ope r a t ion . T he se we r e  subsequently  c ulled . Second ly , 

the  young Lar ge Whi te sows wi th  which  poor  pe r formance problems had 

bee n  expe r i e nced ear l ie r  as g i l t s , r ema i ned in the herd . G i l t  

managemen t c hange s we r e  t o  occu r  t o  r ec t i fy the problems . 

The coe f f ic ie n t  o f  d e te r mina t ion for each year ly analys i s ,  

accord i ng to Mod e l  7 ,  a r e  g iven i n  Append ix I X . The compar a t i ve l y  



F I GURE 3 . 5  Mean e f f e c t  o £  mon t h  o f  s e rvi c e  on t h e  
p r op o r t i o n  o f  r e t urn s o f  ab n o rma l l en g t h  
t o  i n i t i a l  s e rv i c e s  o n l y . 
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F I GURE 3 . 6  Mean annu a l  t o t a l  l i t t e r  s i z e  a t  b i r th 
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low val ue o f  the coe f f ic ient  for e ac h  yea r  i nd ica t e s the pos s ib i l i ty 

that the sample wa s not r andom , that total  b i r ths  i s  a poor  ind icato r  

of  fer t i l i t y  or fac tor s not inc lud ed in  Mode l  7 accounted for muc h  o f  

the var i a t ion . Whi le a n y  o f  these po ss i b i l i t i e s  m a y  account for 

the r e l a t ively low value s of  the coe f f ic ie n t  of  d e terminat ion , it  i s  

mor e  l i ke l y  that a comb inat ion o f  the po s s i b i l i t i e s  offer s an 

expl ana t ion . For the se r e a sons , data  for monthly mean tot a l  b i r th s  

pe r l i tter  on  a yea r ly ba s i s , a s  shown in  F i g u r e 3 .  7,  were  pooled for 

anal ys i s  (Appe nd ix X ) . The only  s ign i f icant e ffec t s  we r e  tho se o f  

par i ty ( P> O . O S )  and b r e e d  x par i ty i n te r a c t ion ( P> O . Ol ) . The se r e su l t s  

a r e  g iv e n  i n  Table  3 . 5 

TABLE 3 . 5  

Par i ty 

INFLUENCE OF BREED OF DAM AND PARITY OF TOTAL 

NUMBER OF B I RTHS PER L ITTER 

Fi r st a nd Second 

T h i rd and Subsequen t  

MEAN 

Large Wh i te 

1 0 . 1 3 

1 1 . 7 8  

1 0 . 9 5 

B reed  

Landr ace x Large Wh i t� 

9 . 1 0  

9 . 6 5 

9 . 3 7 

T he g�e ater numbe r o f  total  b i r ths  per  l i tte r for sows o f  t h i r d  

and subsequent l i tter s ( L a r g e  Wh i te and Land r ace x Lar g e  Wh i te ) when 

compar e d  w i t h  g i l t s  and f ir st l i tte r sows , i s  in accordance w i th the 

gene r a l  t r e nd ; the number o f  total b i r ths  o f  a sow pea k s  a t  a bout  her  

f i fth  o r  s ixth  l i t te r . Howeve r , the lower total numbe r o f  b i r t h s  per  

l i tter  for the Landr ace x Large  Wh i te sows o f  both  par i t i e s  when compar ed 



F I GURE 3 . 7  H e a n  e f f e c t  o f  mon t h  o f  s e rv i c e  on mean numb er 

of t o t a l  b ir th s  p e r  l i t t e r . 
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w i t h  the pur e br e d  sows ( Large Wh ite ) i s  con t r a r y  to a l l  previous  

wor k .  The hybr id i sa t ion g a i n s  in  total  b i r ths  pe r l i t te r  g e ne r a l l y  

obta ined b y  c ro s sbreed i ng , wer e  not obv i o u s  in  th i s  herd . N o  s u i table 

e xp l anation could be g iven for t h i s  unu sual observa t ion . 

Live b i r ths - the yearly  mean number of  l ive b i r t h s  pe r l i tt e r  

for sows in the he rd a r e  shown i n  F igur e 3 .  8.  The explanat ion for 

the gr adual decl i ne i n  the numbe r of  l i ve b i r ths pe r l i tter  i s  the 

same a s  for the p r e v i o u s  sec t i on - To tal b i r ths . The poor 

pe r formance o f  Large  Wh ite  g i l t s  in  the herd at the t ime and the i r  

subsequent  l i tter s .  Changes  in  g i l t  management  helped r ec t i fy th i s  

problem in  the l a te r yea r s  of  the s t ud y . 

Analys i s  o f  var i ance of  the yea r ly me an number o f  l ive b i r t h s  

pe r l i tter  d a t a , accord ing to Mode l  8 ,  for each year , r evealed none 

o f  the " ma i n  e f fect s "  nor any o f  the interac t ion s had a s ign i f icant  

e f fec t . The "ma i n  e f f ec t s "  of  the Mode l  ( 8 ) i n  fac t  expla ined ver y 

l i t tle of  t he var i a t ion in  the numbe r o f  l ive bir ths  per  l i tter  a s  i s  

s hown by the coe f f ic i e nt o f  d e terminat ion values  g ive n i n  Append ix  X I . 

F l y u r e 3 . 9  depic t s  the monthly mean  number s o f  l ive b i r t h s  per  

l i tter  for the obse r v a t ions pooled ove r year s .  S ign i f icant  d i ffe r e nc e s 

i n  the number o f  l ive b i r ths pe r l i tter  we re  due to t he breed of  sow 

( P > O . O S )  and the inte r a c t ion , breed x par i ty ( P> O . O S )  ( Append ix X I I ) . 

The se re sul t s  a r e  summa r i zed i n  Ta ble 3 . 6 .  

TABLE 3 . 6  I NFLUENCE OF BREED OF DAM AND PARTl Y ON THE 

NUMBER OF LIVE B I RTHS PER LITTER 

Par i ty 

F i r s t  and Second 

T h i r d  and Subsequent 

MEAN 

Large Whi te 

8 . 6 9 + 0 . 3 6 

1 0 . 5 1 + 0 . 3 9 

9 . 6 0  

Br eed 

Land r ace  x Large Wh i te 

8 . 3 3 + 0 . 4 0  

9 . 2 0 + 0 . 3 9 

8 . 7 6  
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The th i rd and subsequent l i tter  sows (Large  Wh i te a nd Landr ace 

x Large Wh i te )  had a gr eater me an numbe r of  l ive b i r t h s  pe r l i tte r 

whe n compar e d  wi th  f i r st and second par i ty sows . The s i gn i f i c a n t  

d i f fer ence s i n  the number o f  l ive b i r th s  p e r  l i tter  be tween  the  

pur e bred ( L a r g e  Wh i te )  and c r o s sbr ed ( Land r ace  x Large  Wh i te )  p ig s  

i n  the be rd wa s not due to c r o s sove r e f fec t s , a s the t r end i n  the 

increased n umber  of l ive b i r th s  pe r l i tter  for the olde r sows wa s 

s imilar for both bree d s . 
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F I GURE 3 . 8  Mean annu a l  numb e r  o f  l i ve b ir t h s  p e r  l i t t e r . 



l I I I 

1-H 

1-H 

• J I I 

... � 

t-H 

...... -4 

l ..1 ,- I 

I 6 I 6 I ! I I 6 I I I 
0 0 0 0 9 0 0 0 0 

N � 0 � ro � � � � M N � 
� � 

l{) 
I' .. 

('I) 
I' 

N 
.!' 

� 
I' .. 

0 
I' 
CJ) 
� 

GJ 
u 

· -

(: 
GJ 

l/) 
.._ 
0 I 

L.. 
ru 
4J 

>-



F I GURE 3 . 9  Hean e f f e c t o f  mon t h  o f  s e rv i c e  on me an 
n umb e r  o f  l i v e  b ir t h s  p e r  l i c t e r . 
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CHAPTER FOUR 

D I SCUS S I ON 

In contr a s t  to the s i tua t ion w i t h  many dome s t i c  an imal s ,  

photope r iod ic  s t imula t ion of  r eprod uc t ion i n  the p i g  has  long bee n  

con s id e r ed degener ate  d u e  t o  t h e  long dome st icat ion of  th i s  spec i e s  

(Or tavant  e t  al . ,  1 9 6 4 ) .  Howeve r ,  w i t h  r egard to the f i nd i ng s  of  

th i s  study , and seve r a l  r ecent  ove r sea s  r epor ts  ( Cor tee l  et  a l . , 1 9 6 4 ; 

Rol l e r  and Stomba ug h ,  1 9 7 4 ;  Love , 1 9 7 8 ;  Pater son e t  al . ,  1 9 7 8  and 

Stor k ,  1 9 7 9 ) , the r e  i s  inc r e a s ing ev idence wh ich sugge s t s  there  may 

be a sea sonal t r e nd i n  porc ine r eproduct ion when sows and boar s a r e  

hou sed under cond i t ion s in wh ich  they a r e  exposed t o  tempe r a te , 

seasonal , cl ima t i c  c hange s suc h  a s  tho se exper ienced i n  New Zealand . 

The fer t i l i ty o f  sows in  the he rd  var ied wi t h  s e a son ; i n  that  

the  far r owi ng r ate  for  ma t i ng s dur ing summer mon ths  wa s depre ssed . 

Whe n  far rowing r a te wa s de term ined from i n i t ial  ma t i ng s  only ( f i r st  

se r v ice a f ter we a n i ng or  o f  g i l t s )  the re  was  an  even  g r e a t e r  depr e ssion 

in  thi s  t r a i t  dur i ng the three  summer months  relat ive to the  r e s t  o f  

the  yea r . The summer fer t i l i ty problem i n  th i s  h e r d  o f  sows wa s the r e 

for e  not aggr avated b y  the rema t i ng o f  sows which had been ma ted 

pr e v iously  and subsequent l y  r e tur ned to oe s t r u s .  Th i s  impl ie s the 

fer t i l i t y  of t he sows whi c h  had r etur ned to oe str u s  pos t  ma t i ng was  

i n  fact  highe r  than  pos t  weaned sows a nd g il t s  when mated . 

The depr e ss ion o f  sow fer t i l i ty e v id e n t  with Decembe r , Janua r y  

and Fe br uar y mat ing s wa s man i fe st pr inc ipal l y  by an  i nc r e a se i n  the  
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in  the propo r t ion of  sows exhi b i t ing a long i r r eg u l ar r e tu r n  to 

oe str u s  inte r val , fol lowing the po s t  wea n i ng se r v i c e . No exp lanation  

can be g iven a s  to  why the re wa s a s ign i f icant i nc r e a se in  the 

propo r t ion o f  tot a l  r e tu r n s  to s e r v ice wh ich  we r e  a bnorma l  i n  length  

for anima l s  mated dur ing September . It  is  notewor thy , howeve r , that 

with Sep tember ma t ing s ,  the far r ow i ng r a te wa s not s ign i f icantly  

d i ffe r e n t  from that  r ecorded for  the other  months o f  the  yea r  except 

June mat i ng s ,  whe r e  a high far r owing r a te to in i t ia l  s e r v ice wa s 

recorded . Use o f  crossbred  a s  appo sed to pur ebr e d  fema l e s appea r ed 

not impor tant , a s  Large  Wh i te and Landr ace x Lar g e  Whi te  sows e x h i bi ted 

similar  t r e nd s  w i t h  r egard  to the sea sonal in fluence on far rowing 

r ate . 

The total b i r ths pe r l i tter  and the number o f  l ive b i r t h s  to sows 

in the he rd  wh ich conce ived dur i ng the summe r mont h s  wa s not 

s ign i f icantly  d i f fe r ent  fr om cor r e spond ing value s for tho se mated 

d ur i ng t he othe r months of  the year . Howeve r ,  in  contr a s t  to the 

theor e t i c a l  ar gume n t s  and an a bundance o f  data  obta i ned on p i g s  to 

suppor t t he u se of hybr i d i sat ion for inc r e a sed  l i tte r s i ze ( Sm i th 

and K i ng , 1 9 6 4 ; H i l l , 1 9 7 1 ) , the Land r ace x Lar g e  White  c r o ssbred  

dams in  t h i s  stud y  prod uced sma ll e r  numbe r s  o f  tot a l  and l ive b i r ths  

pe r l i tte r . No c l e ar explanat ion o f  thi s apparent a bnorma l i ty can 

be g iven . As l i t t e r  tr a i t s  have ver y  low her i tab i l i ty va l ue s ,  i t  

would seem unl ik e l y  that i f  a d i f fe r en t i a l  se lect ion pol icy had 

occur r ed , which wa s not intent ional , the supe r ior l i tte r  tr a i t s  of 

the pur e b r ed Lar g e  Wh i te sows would not have bee n  obta ined s impl y  

throug h se lec t ion . 

The depr e s sed  summer fer t i l i ty o f  the sows i n  t he herd was 

apparently  an al l-or -none phenomenon ; the sow e i ther  ma i nta i ned  the 
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pr egnancy and farr owed a normal l i tter  or l o s t  the whole  l i tte r and 

at some po int  in  t ime , r e t ur ned to oe str u s .  

She a r e r  and Adam ( 1 9 7 3 ) a l so repo r ted  lowered  reprod uc t i ve 

pe r formance i n  summer mated sows under  New Zeal and cond i t ions . They 

obse rved an inc r e a se in the propor t ion o f  sows mated dur i ng Decembe r ,  

Januar y and Fe br uar y that r e tur ned to se r v ice . In  contr a s t  to the 

r e sul t s  of the pr e se n t  stud y ,  the se wor k e r s  r epor ted that mo s t  r e t ur n s  

to the in i t ial  se r v ice  occ ur r ed wi thin  a per iod o f  3 to 7 wee k s  

fol lowing ma t ing . 

Seve r al r epor t s  o f  summer i n fer t i l i ty pr oblems i n  the br e e d ing  

he r d s  o f  over seas  coun tr ie s have been  publ i shed (Cor tee l  e t  a l . , 1 9 6 4 ; 

Rol ler  a nd Stombaug h ,  1 9 7 4 ; Love , 1 97 8 ;  Pater son e t  al . ,  1 9 7 8  and 

Stor k ,  1 9 7 9 ) . All  have recorded a depr e s s ion in far r ow i ng r a te wi th  

sows ma ted d ur ing t he summer  months . Wi t h  the except ion o f  Rol le r  

and Stombaug h ,  ( 19 7 4 ) ,  t he mor e  d e t a i led s t ud ie s  r eve aled  a s ign i f icant  

i nc r e a se i n  the propor t ion of  sows ma ted i n  the summe r mon t h s  whic h 

exh i b i ted a prolonged i r r eg u l ar r e tur n to s e r v ice i n t e r va l . The 

Au s t r al i an wor ke r s ,  Love ( 1 9 7 8 ) and P a te r son et  a l .  ( 1 97 8 ) c l a s s i f ied 

sows wh ich  r e turned to o e s t r u s  in  the per iod 2 5  days or  g r e a t e r  a fter  

mat i ng as  an abnor ma l l y  long interval , whi l e  Stor k ( 1 9 7 9 )  r epor ted 

many sows wh ich he obse r ved we r e  not pregnant  95  days pos t  ma t i ng . 

I t  wa s appa r e n t  f r om t he f ind ing s o f  t h i s  stud y that the 

r eproduc t ive per for mance  ( fa r r owing r a te ) of sows fol lowi ng t he i r  

r e tur n t o  oe str u s  a f t e r  a pr olonged i n te r va l , wa s a s  h i g h  a s  t ho se 

whi c h  f a r r owed a s  a r e su l t  o f  the f i r st mat i ng po st we an i ng o f  t he 

l i tter . Similar  f ind i ng s  we r e  r epor ted  by Love ( 1 9 7 8 ) and P a te r son 

e t  al . ( 1 9 7 8 ) 

Examinat ion o f  the pr e se n t  d a ta i nd i c ated that the fer t i l i ty 
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problem was  similar  for a l l  sows , i r r e spec t ive o f  the previou s number 

o f  l i tter s far r owed and r ea r e d . Love ( 1 9 7 8 ) on the othe r hand r epor ted 

tha t g i l t s  we r e  mor e  fr e quently  a f fec ted by the i n fe r t i l i ty probl em 

than we re  f i r s t  par i ty sows whi c h  i n  tur n ,  we re  mor e  affec ted than 

the l ate r par i t ie s . He a t t r i bu ted t h i s d i ff e r e n t i a l  e ffect  to 

po s s i bly  be a s soc i a ted wi th the seve r i ty o f  stre s s  factor s - bther than 

amb i e n t  tempe r atur e . Fur the r mor e ,  it was found tha t f i r st  par i ty sows 

wh ich  e x h i b i ted an extended we a n i ng to o e s tr u s  i n te rval  ( g r e a te r  than 

18  d a y s ) , we r e  apparently  unaffec ted by the summer infer t i l i t y  

probl em when r emated . I t  i s  con s id e red po s s i ble that the r e  wa s a 

suf f i c ie n t  t ime l ap se to e nable the se sows to r ecover  from the  s t r e s se s  

impo sed dur ing the i r  f i r s t  lactat ion . The t ime fac tor , a cr i t ic a l  

component  o f  t h i s  theory  m a y  sugge st a hormonal c hange . Such a 

c hange may a l so o ffer an  expl anat ion to the normal far row i ng r a te o f  

sows a f f e c ted b y  the summe r i n fe r t i l i t y  problem t o  subseque nt  mat i ng , 

a s  found i n  t h i s  stud y  and by Love ( 1 9 7 8 ) and Pa ter son e t  a l .  ( 1 9 7 8 ) . 

The . r eg u l a r  occur r ence o f  the i n fe r t i l i ty problem in  sows ma ted 

dur i ng the hotter months  may r e fl e c t  the se n s i t i v i t y  o f  the 

reproduct i ve proc e s s  to env i r onmental  var i a t ion . C l ima te , fe ed  and 

d i se a se a r e  some o f  the many fac tor s con s idered to have e i the r  a d i r ec t  

and/or ind i r e c t  r ole  i n  anima l s . Thu s the i n te r ac t ion o f  the se fac tor s 

in  combina t ion wi th the comple x i t y  o f  each mak e s  eval ua t ion o f  t he 

r e l a t i ve impor tance o f  any s ingle  factor and i t s  role  in the 

in fluenc i ng o f  r eproduc t ive per formance ve r y  d i f f ic ul t ,  i f  not 

impo s s i bl e . Th i s  has bee n  d i scu s sed i n  deta i l ; r e v iew o f  l i te r a tur e 

( se e  page s 3 0  to 3 3 ) . 

T he depre ssed r eprod uc t ive per formance o f  t h e  sows i n  the her d , 

ma ted dur i ng the s ummer mon t h s  could not be d ir ec tl y  a s soc i ated w i th 
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Klot� hkov e t  a l . ( 1 9 7 5 )  for many a r t i fi c i al l ig ht ing stud i e s  " l i tter  

s i ze a t  bi r th is  a lways l e s s  on  natural  dayl ight  than und e r  i ncr e a sed 

l ig h t i ng r eg ime s " , one m i g h t  have expected t he longer  daylengt h  

a s soc i a ted  with the summe r months t o  inc r e a se total  b i r th s  pe r l i t t e r  

f o r  mat i ng s dur ing t h i s  pe r iod . Howe ve r , n o  sign i f icant  d i f fe r e nce 

in total  or l i ve b i r th s  we re r ecorded in  th i s  stud y .  The expr e s s ion 

o f  oe str u s  by sows i s  le s s  we ll  de f i ned dur i ng summer when compared  

to w i n ter  accord ing to  van Putten  ( 1 9 6 5 ) . T h is may pos s i bly  be a 

p a r t i a l  explanat ion to the a bnorma l l y  l ong  r e tur n to oe str u s  i n t e rval  

e x h i b i ted  by  a g r e a ter  pr opor t ion o f  sows mated dur i ng the war mer  

months  as  found i n  this  stud y ;  a l t houg h oe s t r u s  wa s found to be 

pr olonged under  inc r e a sed l ig ht i ng r eg ime s by Be l j aev , Kloc kov and 

Ko� k ova ( 1 9 6 9 ) . The g r e a t e st d i ffer ence s in the propor t ion o f  r e tur n s  

t o  se r v ice abnormal in  l e ng t h  compar ed t o  the rema i nde r o f  the year 

occur r ed for ma t i ng s wh i c h  took place  d ur ing December . 

Pate r son e t  a l . ( 1 9 7 8 ) sugge sted an  uppe r c r i t ic a l  amb ie n t  
0 temper a tur e of  ar ound 3 2  C a t  or c lo se to the t ime of  ma t i ng . Expo sur e 

o f  the sow to such amb i e n t  tempe r a tur e s  we r e  r epor ted to i n fl uence i t s  

r eprod uc t i ve pe r formance  ( Pater son e t  al . , 1 9 7 8 ) . Thu s ,  above t h i s  

tempe r a tur e leve l they found a s ign i f icant  i nc r e a se i n  the propo r t ion 

of total  ma t i ng s that r e sul ted i n  sows exh i b i t ing long and i r r egu l ar 

i n t e r va l s  before  r e t ur n i ng to o e s tr u s .  The same wor ke r s  a l so noted tha t 

sows subj e c ted to such tempe r a t ur e s  shor t l y  a fte r ma t i ng wer e  

una f fe c ted , d e sp i te mo s t  o f  the i r  pregnancy tak ing place und e r  hot 

cond i t ion s . However , ambient  tempe r a t ur e s  d u r ing the summe r mon t hs 

i n  Palmer s ton Nor th , the s i te o f  the pre se n t  s tudy a r e  lowe r than thi s  

l e ve l  d ur i ng the summer  mon th s . Da i l y  max imum tempe r a t ur e s  d u r ing  the  
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t h r e e  mon t h s  in que st ion r anged from 1 2  - 2 5°C .  In fac t , t h i s  

tempe r a tur e r ange i s  s imi lar  to that i n  wh ich sows we r e  kept i n  t he 

s t ud ie s  o f  Cor tee l e t  a l . ( 1 9 6 4 ) ,  whose r e su l t s  we r e  i n  agr e emen t  

w i t h  those o f  thi s stud y .  

Me teorolog ical  data  obta ined from the Depar tme nt  o f  Sc i e n t i f ic 

and Ind u s tr i a l  Re sea r c h , ad j acent to the Ma ssey P i g  Re sea r c h  Centre  

was  u sed i n  an a ttempt to  inve st i g a te the r e lat ion ship betwe e n  f a r rowing 

r ate  and amb ient tempe r a t u r e . Mean monthly  far r ow i ng r a te ( to a l l  

s e r v ice s )  wa s found to be nega t ive l y  cor r e l a ted with  mon t h l y  me an  

d a i l y  max imum tempe r a t ur e . The degr ee o f  a s soc i a t ion al thoug h 

s t a t i s t i c a l l y  sign i f ic ant  ( r  = - 0 . 5 9 * ) wa s not h i g h . Thi s i s  i nd icat i ve 

that  amb i e nt tempe r a tu r e  i s  not a good i nd i c a tor of  the " he a t  s t r e s s "  

o f  a n  anima l . A lowe r  and non-s ign i f i cant  negat i ve a s soc i a t ion wa s 

found to e x i st be tween  far r ow i ng r a te and mean monthly d i u r n a l  

n s  temper a t ur e r ang e ( r  =-0 . 3 6  ) .  See F i gu r e s  4 . 1  and 4 . 2 .  

I t  i s  we l l  k nown that the inc i dence o f  embr yon ic  mor tal i ty  

increases  wi th an e le v a t ion o f  amb i e nt tempe r atur e ( Tomp k i n s  et  a l . ,  

1 9 6 7 and Edwa r d s  e t  a l . ,  1 9 6 8 ) . Tomp k i n s  e t  a l .  ( 1 9 6 7 ) and 

Edward s e t  al . ( 1 9 6 8 ) demonst r a ted expe r ime n t a l l y  that heat  s tr e s s  

imposed o n  sows d ur ing the e a r l y  stage o f  pr e gnancy cau sed inc r e a sed 

embr yon ic mor tal i ty ,  but  wi thout comple te l i tter lo s s . However , in  

t h i s  stud y  de sp i te i n c r e a sed amb ient  tempe r a t ur e s .dur i ng the summe r 

mon ths , sea son o f  ma t ing had no sign i f icant  e f fe c t  on l i tte r s i ze . 

On t h i s  ba s i s  the r e  i s  no r e a son to a s soc i a te embr yonic  mor tal i ty 

w i t h  the se a sonal e f fe c t  on r eprod uc t i ve per formance . Love ( 1 9 7 8 ) 

a nd Pate r son e t  a l .  ( 1 9 7 8 )  a l so r epor ted no r eduction  i n  the  s i ze 

o f  l i tter s bor n to sows mated dur i ng the per iod o f  lowe r e d  fer t i l i t y  

whe n  compar ed t o  the r e sul tant from mat ing s done i n  t h e  rema i nd e r  o f  

the yea r . 



F I GURE 4 . 2  

5 7 (b )  

Re l a t i on s h ip b e t w e e n  me an mon th l y  f a r r o w i n g  
r a t e  a n d  me an mon t h l y  d i urn a l  t emp e r a tu r e  
f l u c tua t i on a t  t ime o f  ma t i ng . 
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F I G URE 4 . 1 

6 7 ( a ) 

Re l a t i on s h ip b e tw e e n  mean mon t h l y  f a r r ow i ng 
� a t e  a n d  mean mon t h l y  da i l y maximum 
t emp e r a t ur e  a t  t ime o f  ma t in g . 
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The f i nd i ng s o f  Widl t e t  al . ( 1 9 7 5 ) pe r haps bea r  the mo s t  

r e levance t o  those  o f  t h i s  stud y .  They r e por ted that comp le t e  l i t t e r  

l o s s  occ ur r ed i n  o n l y  a por t ion o f  sows subj ected t o  h e a t  s t r e ss  

dur ing pr egnancy ( d ays 1 - 14  ge s ta t i on ) . The sows whose p r egnanc i e s  

surv ived we re  appa r e n t l y  unaffec ted by embr yon ic mor ta l i ty . A 

s imilar  a l l -or -none e f fec t on l i tte r  s i ze has  a l so been repor ted to 

occur in pregnant r at s  subj ected to heat s t r e s s  ( Eu k e r  and R i e gl e , 1 9 7 3 )  

Should embr yon ic  mor ta l i ty have occur r ed w i t h in the f i r st  thr e e  wee k s  

pos t  ma t i ng the sow would be expec ted to r e turn  to oe str u s  a t  the 

nor mal  t ime . As  h a s  a l r eady bee n  demonstr a te d , howeve r ,  a ma i n  f e a tur e 

o f  the so called summer infer t i l i ty problem i s  the prolonged r e tur n 

to oe str u s  ( 2 5  - 3 5  and g r eater  than 4 9  d a y s ) . I n  t h i s  r e spec t ,  i t  

could have bee n  that  oe str u s  wa s not de tec ted a t  the u s ual  t ime a s  

the sows we re  not r un with  the boar . Although the r e  i s  evidence that 

dur ing pe r iod s o f  hot wea ther  oe str u s  be haviour i s  l e s s  obv iou s 

(Wa r n i c k  e t  al . ,  1 9 6 5  and Teague e t  a l . , 1 9 6 8 ) , and the d ur a t ion o f  

t he oe str u s  pe r iod shor tened i f  g i l t s  and sows a r e  hou sed i n  s i tua t ion s 

o f  inc r e a sed amb ie n t  tempe r a t ur e s  ( Ste inbac h , 19 7 2 ) ,  t h i s  wou l d  seem 

unl i ke l y  as the same exper ienced stoc kman supe r v i sed the breed i ng herd  

for mo s t  o f  the  seve n yea r  pe r iod . Fur the rmor e ,  should oe s t r u s  have 

bee n  exh i b i ted by these sows , and gone und e tected a t  ar ound 2 1  d a y s  

pos t  mat ing , one would have expec ted a l a te r  d i splay o f  oe s t r u s  some 

2 1  d ays on , not a t  the abnormal  time s  shown i n  t h i s  s t udy . A mor e 

fe a s i bl e  explana t ion for the abnorma l l y  long r e tu r n  to s e r v i c e  i n te r val  

is  that it  i s  c a u sed by  fa i l u r e  to  conce ive , followed by a pe r iod of  

a noe str um .  

Hor monal c hange s i n  the sow , k nown to be assoc i a ted wi th  incr e a sed 

amb ient  temper a t ur e s  could be  held r e spon s i bl e  for an  anoe s tr u s  
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cond i t ion . Smi t h  and Smi th ( 1 9 5 2 ) postul a ted that extr eme s t r e s s  

may i n f l uence ad r enocor t i cotrophic hormone ( ACTH ) secr e t ion a n d  he nce 

ad r e na l  and ovar i a n  func t ion . The nor ma l  oe s trous cyc l e  would 

the r e fo r e  be  d i sr upted . Sexua l  r ecep t i v i ty o f  the p ig i s  r ed uced by 

the change in  ACTH sec r e t ion ( L ip t r ap , 1 9 7 0 ,  1 9 7 3 ) . Al thoug h mor e  

r e se a r c h  to con f i r m  the po stul a t ions i s  r e q u i red , i t  i s  po s s i bl e  

that t he cour se o f  eve n t s  r e su l t i ng from t he hormonal  chang e s i n  

the  p i g  a s soc iated with  e l evations  in  amb i ent  tempe r atur e may 

i n f l ue nce the inc idence of sows exh i b i t ing abnormal l y  long r e tu r n  

to se r v ice inte r va l s .  

De sp i te the abse nce o f  any f l uc tu a t i on s  in the fr equency o f  

v i s i bl e  concept u s  from a bor t ions in a n y  months o f  the year , a bo r t ion 

may account for some o f  t he abnorma l l y  long r etur n interva l s ,  

al thoug h i t  seems unl i ke ly . However , the pe rmeabi l i ty o f  the  g u t  

i s  con s idered to a l te r  wi th incr eased ACT H secr e t ion und e r  h e a t  str e s s  

s i tua t i on s . Assoc i ated w i t h  the c hange i n  g u t  pe r me a b i l i ty i s  a 

t r a n s i e n t  toxemi a  which may r e su l t  i n  abo r t ion ( L i p tr ap , 1 9 7 3 ) .  

Stor k ( 1 979 ) r epor ted a d i s t inct sea sonal increa se in  the a bo r t i on 

r a te to sows mated d ur ing the pe r iod o f  i n fe r t i l i ty . Hi s only  

conc l u s ion i n  e xpl ana t ion a s  to  why this  occ ur r ed was tha t it  wa s 

problema t ical . Apar t  from t he occ a s ional abort ion wh ich he a tt r i buted 

to a concur r ent infect ion and high body tempe r atur e , he con s id e r ed 

the ep idemiolog y not to be characte r i st ic o f  a contag ious  cond i t ion . 

Howeve r , the f i nd i ng s of  the pre sent  stud y ,  namel y  a lack  o f  v i s i ble 

ev idence of  abor t i o n s  i s  sub stan t i &ed by the repo r t s  of  Love ( 1 9 7 8 ) 

and P a te r son e t  a l . ( 1 9 7 8 ) ,  i n  t he i r  Au s t r a l i an wor k .  

An un favour a bl e  inter ac t ion betwe e n  photope r iod i sm and 

tempe r a tu r e  ( in exce s s  o f  1 6  hou r s  o f  l ig ht and g r e ater  than 3 5°C )  
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on boar semen c ha r a c te r i st ic s  r epor ted by Ma z zar i e t  a l . ( 1 9 6 8 ) could 

po s s i bly a l so serve to expla i n  the r ed uc ed far rowing r a te obse r ved 

dur i ng the summe r mon t h s . I t  is  unl i ke l y  however , as the h i g he s t  

da i l y  maximum tempe r a tur e r ecorded outdoor s over the pe r iod o f  t he 

0 stud y  neve r  exceeded 3 5  C and ye t a depr e s s ion in r eprod uc t ive 

per formance wa s r ecorded dur in� the summe r months . 

Fur the rmor e ,  i f  t he inc r e a sed pho tope r iod and tempe r a t ur e s  

a s soc i a ted with the summer  mon ths d i d  a f fect  the spe rma toge n ic 

proc e s se s ,  sows mated by boar s with  impa i red seme n would be expec ted 

to have a nor ma l  r e tu r n  to oe s t r u s  i n t e r val . Thi s  wa s not so and the 

sows mated d ur ing the summer months wh i c h  r e t ur ned to oe str u s  had a 

h i g he r  propor t ion o f  abnorma l l y  long r e tur n leng t h s , i r r e spec t ive 

of t he boar with wh i c h  they we re  ma ted . 

The reduct ion i n  the number o f  l ive b i r ths per l i t ter  for sows 

mated to heat-s t r e s sed  boar s repor ted by Chr i ste n son e t  a l . ( 1 9 7 2 )  wa s 

no t ev ident from t he f ind i ng s  o f  t h i s  stud y . Sim i l a r  o b se r va t ions  

we r e  made  by Love ( 1 97 8 )  and Pater son et  a l  ( 1 9 7 8 ) .  

I t  i s  appar ent  that the summer i n f e r t i l i ty problem cannot be 

a t tr i b uted to the boa r . The cl ima t ic fac tor s assoc ia ted w i th the 

summer mon ths , i ncr ea sed photope r iod a nd ambient tempe r a t ur e s  appear 

mor e  l i k e l y  to i n f l ue nce t he r eproduc t i ve per formance of the sow . 



7 3 . 

CHAPTER  FIVE 

SUMMARY AND CONCLUS I ONS 

Reproduc t ive data collected i n  one he rd  ove r a seven yea r  pe r iod 

wa s examined for the e x i stence of se a sonal var iat ion and l i k e l y  

cau sal  fac tor s i f  r e le v ant . 

Reco r d s  pe r ta i n ing  to 1 , 14 4  mat i ng s showed that f a r r owing r a te 

wa s s ign i f icant ly lowe r for g i l t s  and sows mated dur ing the  months 

of Decembe r , Jan ua r y and Fe br uar y  compar e d  w i th the othe r months  of  

the yea r  be tween  wh ich  the r e  we r e  no s i gn i f icant d i f fe r enc e s .  

Lowe r ed reprod uc t ive per formance dur ing the summe r mon t h s  wa s 

man i fe st a s  e i the r a de l ayed r e t u r n  to oe s t r u s  or fa i l ur e to be 

pregnant at  te r m  ( 2 5 - 3 9 and g r eater  than 4 9  days po st  mat i ng ) . 

De spite  a 5 %  d i f f e r ence in  far r ow i ng r ate to a l l  serv ice s in 

favour  o f  c r o s sbred sows and g i l t s  i n  g e ne r al , ne i the r br e e d  of sow 

(pur e bred  Large  Whi te ve r sus Landr ace x Large  Wh i te c r o s sbred ) nor 

par i ty ( 1  and 2 ver sus  3 and above ) of the dam i n f l uenced e i ther  

far r owing r ate or t he propor t ion of  a bnormal retur n s  to se r v ice . 

Far rowing r a te to f ir st se r v i c e  post  ma ting wa s lowe r compared 

wi t h  that related to a l l  serv ice s ,  an ind icat ion that the r ed uced 

far r owing r ate i n  the summer mon t h s  wa s not a ssoc iated w i t h  sows whi c h  

s impl y  f a i led t o  hold to the f i r st  se rv ice  post mat i ng . 

Month o f  mat ing d id not i n f l ue nce  e i the r total l i t t e r  s i ze a t  

b i r th nor the n umbe r o f  l ive b i r t h s  in  the l i tte r . Cont r a r y  to 

expe c t a t ion , pur e br ed sows produced lar g e r  l i tter s comp a r e d  w i th the 

c r o s sbred fema le s .  
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Fa r rowi ng r a te wa s found to be neg a t i ve l y  cor r e la ted w i t h  mon thly  

mean d a i l y  max imum tempe r a t ur e .  The  degr e e  o f  a s soc i a t ion a l t hough 

s t a t i s t i c a l ly s ign i f icant  ( r  = - 0 . 5 9 * ) wa s not h i g h . A lower a nd 

non-s ign i f icant nega t ive a ssoc i a t ion wa s found to ex i st be twe e n  

far r owing r ate and t he r e spe c t ive me an monthly  d i urnal  tempe r a tur e 
n s  r ange ( r  = - 0 . 36 ) • 

That the r educed far r ow i ng r a te from summer ma t i ng s wa s not 

a s soc i ated with normal r e t ur n s  to oe str u s  ( 1 8  - 24 days and 4 0  - 4 9  

days post  mat i ng ) ind ica te s that ne i ther f e r t i l i z a t ion f a i l ur e , 

nor embr yon i c  mor tal i t y  we r e  l i k e ly to be cau sal factor s .  Aga i n , 

no v i sual e v idence o f  i ncr e a sed a bor t ions f r om summer ma t ing s r e lat ive 

to tho se d ur i ng other  mon t h s  of  the year  would se rve to r ul e  out t h i s 

factor a s  one o f  s ign i f icance  in  r e spec t o f  r educed far r ow i ng r at e . 

That the reduced far r owing r a te dur i ng s ummer  months  was 

a s soc i a ted wi th abnormal r e tur n to s e r v ice  interva l s  would seem 

to e l iminate  r ed uced fer t i l i ty i n  the boar as  one po s s i ble c a u se 

o f  the problem.  

Ove r a l l , evidence has  bee n pre sented wh i c h  ind icate s that t he 

so c alled  '' summer i n fe r t i l i t y  problem"  i s  p r e sent in  New Zealand 

but  the c a u se of  the problem r ema i n s  unknown . I t  i s  undoubted ly 

a complex one i n  wh ich  " he a t  s t r e s s '' is  but one compone nt . " Abnorma l  

r e tu r n s  t o  service " ,  a maj or featur e o f  the  pr oblem i s  ind i c a t ive of  

an  inter fe r e nce with  endoc r ine func t ion , t h i s lead ing to tempor a r y  

i n fe r t i l i ty .  Clear l y  the r e  i s  need for d e t a i led  s tud y i n  t h i s  so far 

neglected f i e ld i n  a t temp t i ng to solve th i s  p roblem . 



APPEND I X  I 

COMPOS I T I ON OF MEAL FED TO BREEDING STOCK AT MASSE Y  

UN I VERSITY P IG RESEARCH CENTRE 

Bar le y  Meal 

Br a n  

Dr ied Blood 

F i sh Meal  

Bone Flour 

Sal t  

Vi t amin/Mine r a l  Add i t ive s ( " T a smix " )  

A D E (Me al/kg dm ) 

CP ( %  dm)  

Lys ine  ( %  dm ) 

Me t h . and Cyst . ( %  dm )  

Tr yptophan ( %  dm ) 

I sole�c ine ( %  d m )  

Calc i um ( %  dm ) 

Pho spho r u s  ( %  dm ) 

% Dry We ight 

8 3 . 3 3 

8 . 3 3  

2 . 9 6 

2 . 0 4 

2 . 9 6 

0 . 2 5 

0 . 2 1 

3 . 3 2 

1 5 . 9 0 

0 . 7 4  

0 . 5 3 

0 . 2 3 

0 . 4 4 

0 . 8 3 

0 . 8 1 

7 5 .  



APPENDI X  I I  

COivlPOS I T I ON OF PELLETED MEAL FED TO BREED I NG STOCK 

ON PASTURE AT THE MASSEY UNIVERSITY P I G  RESEARCH CENTRE 

B a r le y  Mea l  

Meat  Meal  

F i sh Mea l  a nd Dr ied Blood 

Steamed Bone F lour 

Iod i sed Sal t  

Co -ope r v i te P i g  Br eeder  ( 3 2 TE ) V i t amin/ 
M iner a l  Suppleme n t  

% Dry We ight 

8 7 . 0 0 

1 0 . 0 0 

2 . 0 0 

0 . 5 0 

0 . 2 5  

0 . 25 

1 0 0 . 0 0 

7 6 . 
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APPEND I X  I I I  

ANAL Y S I S  OF VAR I ANCE : TRAN SFOI�ED FARROW I N G  RATE DATA 

( ALL SE RV I CE S ) 

So u r c e  d .  f .  M . S .  

R ( ]J ) 1 1 6 5 . 2 7 4 3 0 

R ( a  l t1/  1 1  0 . 1 3 4 1 5  * 

R ( S  I JJ,et ) y 1 0 . 3 1 7 3 8  * 

R (  B a 8 I l l J t ,  ) 1 1  0 . 0 0 8 8 7 
n s  

Re s id u a l  1 4 4  0 . 0 6 3 1 0  

TOTAL 1 6 8  

So u r c e  d .  f .  M . S .  

R (  JJ ) 1 1 6 5 . 2 7 4 3 0  

R (  B I JJ )  1 0 . 3 1 7 3 8 *  

R (  a i JJ , i3 ) 1 1  0 . 1 3 4 1 5 *  

R ( a  8 I JJ , a , B ) 1 1  0 . 0 0 8 8 7 n s 

Re s id u a l  1 4 4  0 . 0 6 3 1 0 

TOTAL 1 6 8  

Y T he o r d e r  o f  f i t t i ng t h e  e f f e c t s  ( a a nd 8 )  w a s  found 
to be un i mpor t a n t  in  t h e  a na l y s i s  o f  v a r i a n c e . 
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A P PE N D I X  I V  

ANAL Y S I S  OF VARI ANCE : TRAN S FORMED FARRO W I N G  RATE DATA 

( I N I T I AL SERV I C E S  ON LY ) 

So u r c e  d .  f .  M . S .  

R ( lJ ) 1 1 7 1 . 4 5 7 6 0  

R ( a / lJ ) 1 1  0 . 1 6 0 5 4 * *  

R ( B / lJ , et ) 1 0 . 0 3 2 1 2 n s  

R ( a B / lJ , a , S ) 1 1  0 . 0 1 5 7 9  

Re s i d u a l  1 4 2  0 . 0 6 7 2 0  

TOTAL 1 6 6  

So u r c e  d .  f .  M . S .  

R (  lJ ) 1 1 7 1 . 4 5 7 6 0  

R (  B / lJ )  1 0 . 0 3 4 5 3  

R ( a / lJ , B ) 1 1  0 . 1 6 0 3 1 9  

R ( a B / lJ , et , B ) 1 1  0 . 0 1 5 7 9  

Re s i d u a l  1 4 2 0 . 0 6 7 2 0  

TOTAL 1 6 6  
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AP PEN D I X  V 

ANAL YS I S  O F  VAR I ANCE : PROPORT I ON OF THE TOTAL RETURN S 

TO ALL SE RV I C E S  OF AB NORMAL LENGTH ( TRAN SFORMED DATA ) 

So u r c e  d .  f .  M . S .  

R ( p ) 1 6 9 . 7 8 5 5 9 9  

R ( a / p ) 1 1  0 . 2 2 1 6 6 4 4 *  

R ( B / w , a ) 1 0 . 1 3 5 7 3 7 n s 

Re s i d u a l  1 0 1  0 . 1 1 2 8 8 0 2  

TOTAL 1 1 4  

So u r c e  d .  f .  M .  S .  

:k ( p ) 1 6 9 . 7 8 5 5 9 9  

R ( 6 / p ) 1 0 . 1 5 3 6 3 l n s 

R ( a / p , B )  1 1  0 . 2 2 0 0 3 7 7 *  

Re s id u a l  1 0 1  0 . 1 1 2 8 8 0 2 

TOTAL 1 1 4  
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A P PEN D I X  V I  

ANALYS I S  O F  VAR I AN C E  : P ROPORT I ON O F  T HE TOTAL RE TURN S 

TO ALL SERV I C E S  OF ABNORMAL LENGT H ( TRANS FORM E D  DATA ) 

So u r c e  

R ( lJ ) 

R ( a / w )  

Re s id u a 1  

TOTAL 

d .  f .  

1 

1 1  

6 2  

7 4  

M .  S .  

4 4 . 0 2 3 9 9 5  

0 . 1 4 1 2 1 9
n s  

0 . 1 0 0 7 1 7 1  



8 1 . . 

APPEN D I X  V I I 

ANAL YS I S  OF VAR I ANCE : P ROPORT I ON OF TOTAL RETURN S TO 

I N I T I AL S E RV I C E S  OF ABN ORMAL LENGTH ( T RANS FORMED DATA ) 

So u r c e d .  f .  M .  S .  

R ( � ) 1 6 2 . 7 4 4 2 0 4  

R ( a / � )  1 1  0 . 2 9 9 9 8 3 1 * * 

R ( 8 / � , a ) 1 0 . 1 4 6 2 1 4 n s 

Re s i d u a l  8 2  0 . 1 0 8 0 0 6 1  

TOTAL 9 5  

So u r c e  d .  f .  M . S .  

R ( � )  1 6 2 . 7 4 4 2 0 4 

R ( S / � )  1 0 . 1 6 9 7 1 9  n s  

R ( a / � , S )  1 1  0 . 2 9 7 8 4 6 3 * *  

Re s i d u a l  8 2  

TOTAL 9 5  



APPEN D I X V I I I  

ANAL Y S I S  OF VAR I ANCE : PROPORT I ON OF TOTAL RETURN S TO 

I N I T I AL SE RV I C E S  OF ABNORl•lAL LENGT H ( T RANS FORMED DATA ) 

So u r c e  

R ( tJ ) 

R ( a / t.J ) 

Re s i d u a l  

TOTAL 

d .  f .  

1 

1 1  

5 5  

6 7  

M . S .  

4 1 . 0 7 5 9 6 3  

0 . 2 1 2 0 1 2 9 *  

0 . 1 0 1 3 3 9 1  

8 2 . 
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APPENDIX  I X  

COEFF I C I ENT O F  DETERMINATI ON VALUE S  ( R2 ) : - FOR YEARLY 

ANALYSI S  OF TOTAL B IRTH S  PER L I TTER DATA 

Yea r  

1 9 7 0 

1 9 7 1  

1 9 7 2 

1 9 7 3  
1 9 7 4  

1 9 7 5  

1 9 7 6 

1 9 7 7  

Coe f f ic ient  o f  Determinat ion ( R2 ) 

R2 ( y .  ) 

4 2 . 5  

4 9 . 0  

4 3 . 6  

3 6 . 0  
3 4 . 6  

4 3 . 5  

3 6 . 1  

4 7 . 4  

= sum o f  squar e s  due to the mode l x 

total sum o f  squa r e s  1 



APPENDIX  X 

ANALYS I S  OF VARIANCE : TOTAL B I RTHS PER LITTER OF ALL 

FARROWING DATA POOLED OVER YEARS 

Sou r c e  d .  f .  M .  S .  

Month  o f  ma t i ng ( M }  1 1  l O . Oln s  

Breed of  Sow ( B )  1 0 . 2 8n s  

Par i ty o f  Sow ( P )  1 5 5 . 8 4 * 

M X B 1 1  8 . 8 0 n s  

B X p 1 6 0 . 8 4 * *  

M X p 1 1  9 . 5 5 

Re s idual 7 4 8  9 . 0 4 

TOTAL 7 8 4  

8 4 . 
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APPENDI X X I  

COEFF I C I ENT O F  DETERMINATI ON VALUE S  ( R2 ) : - FOR YEARLY 

ANALYSES OF THE NUMBER OF L I VE B I RTHS PER LI TTER 

Year  R2 ( % ) 

1 9 7 0 5 4 . 9  
1 9 7 1  4 4 . 1  

1 9 7 2  3 3 . 9  

1 97 3  3 8 . 1  

1 9 7 4  3 3 . 6  

1 9 7 5  3 8 . 3  

1 9 7 6  3 4 . 3  

1 9 7 7  4 8 . 7  

2 __ sum of  squa r e s  due to  the mode l  x l O O  Coe f f ic ient o f  D e terminat ion ( R  ) 

total sum o f  squa r e s  1 



APPENDI X X I I 

ANALYS I S  OF VARI ANCE : NUMBER OF LIVE B I RTHS PER L I TTER OF 

ALL FARROWING DATA POOLED OVER YEARS 

Sour ce  d .  f .  M .  S .  

Mon th o f  mat i ng ( M )  1 1  5 . 0 2 n s  

Br e ed o f  Sow ( B )  1 6 0 . 6 3 * 

Par i ty o f  Sow ( P )  1 1 .  0 4  n s  

M X B 1 1  1 2 . 7 4 n s  

B X p 1 3 8 . 7 1 * 

M X p 11  1 0 . 3 8 n s  

Re s idual  7 4 8  9 . 11 

TOTAL 7 8 4  

8 6 . 



8 7 . 

REFERENCES 

Agr icul t u r a l  Re sea r ch Counc i l  ( 1 9 6 7 ) . " The  nutr i e n t  requ i r eme n t s  
o f  farm l i ve stoc k ''. No . 3 P ig s ,  Ag r ic u l tural  Re se a r ch Co unc i l , 
London . 

Alexand e r , G .  and Wi ll iams , D .  ( 1 9 7 1 ) . He a t  stre s s  a nd development 
o f  the conceptus  i n  dome s t i c  sheep . J .  agr ic . Sc i . , Camb . , 
!_j_, 5 3 -7 2 . 

Al l i ston , C . W .  and Ulberg , L . C .  ( 1 9 6 1 ) . Ea r ly pregnancy loss i n  
sheep a t  amb i ent tempe r a tur e s  of  7 0° and 9 0°F .  a s  de t e r m i ned 
by embr yo t r ansfe r . J .  Am i n .  Sc i .  2 0 ,  6 0 8 - 6 1 3 . 

Arn i r , D .  and Vol c a n i , R .  ( 1 9 6 5 ) . Sea sonal fluc t u a t ions in the 
sexual ac t i v i ty of  Awa s s i , Ge rman Mu t ton , Cor r iedale , Bor d e r  
Le i c e ste r a n d  Dor se t Hor n  r ams . 1 .  Seasonal c hang e s  i n  
seme n volume and i t s  f r uc tose and c i tr i c ac i d  conce n t r a t ions . 
J .  agr ic . sc i . , Camb . �' 1 1 5 -1 2 0 .  

F . H . A .  ( 1 9 6 0 ) . Exte r na l  fac tor s i n  Arnoroso , E . C .  and Mar shal l ,  
sexual pe r iod ic i ty . 
Vol .  I ,  par t 2 ,  3 rd  
London : Longmans . 

'' Mar sha l l ' s  phys iology o f  r eproduc t ion " .  
ea 1 t . ,  pp . 7 0 7 -8 3 1 . Ed . A . S .  Par ke s .  

Ander son , L . L .  and Melampy , R . M .  ( 1 9 7 2 ) . Fac tor s a f fe c t i ng 
ovul a t ion r a te in  the p i g . In  " P ig Produc t ion " , ed i ted 
by D . J . A .  Co le , pp . 3 2 9 - 3 6 6  Butterwor ths , London . 

Asde ll , S . A .  ( 1 9 6 4 ) .  Patte r n s  o f  mamma l i a n  reprod uc t ion . London : 
Constable & Co . 1 Ltd . 

Baldwi n ,  B . A .  ( 1 9 6 9 ) . The s t udy  o f  behav iour  i n  p ig s .  Br . ve t .  
J .  1 2 5 , 2 8 1 - 2 8 8 . 

Bar be henn , E . K . , Wale s ,  R . G .  and Lowr y ,  O . H .  ( 1 9 7 4 ) .  The 
e xplana t ion for the block ade of  g lycolys i s  i n  ear ly 
mou se emb r yo s .  Proc . Na t .  Acad . Sc i . , U . S . A .  IQ ,  1 0 5 6 -1 0 6 0 .  

Be l j aev , D . K . , Klo� kov , D . V .  and Klo� kova , A .  Ja . ( 1 9 6 9 ) . 
Repr oduct ive func t ion o f  p i g s  in r e l a t ion to  supplementa r y  
i ll uminat ion . Sel ' - Khoz . B iol . , i '  1 6 7 -17 7 . 

B el j ae v ,  D . K . , Klo� kov , D .  V . , Kloc kova , A .  Ja . and K im ,  A . A .  ( 1 9 6 8 ) . 
The  e ff e c t  of  photoper iod on embr yo mor tal i ty i n  the mink  and 
p i g . VI . Congr . Reprod . I n s�m . , Par i s ,  Re sume s : 5 9 . 

Bellve , A . R . ( 1 9 7 2 ) . Via b i l i ty and surv ival of  mou se embr yos 
fol lowing par ental expo su r e  to h i g h  tempe r a t u r e s .  J .  Reprod . 
Fer t . , lQ, 7 1 -8 1 . 

Be llve , A . R .  ( 1 97 3 ) . Deve lopmen t  o f  mou se embr yos w i t h  a bnor ma l i t i e s  
i n d uc e d  by par ental hea t s t re ss .  J .  Repr od . Fer t .  lQ, 3 9 3 -4 0 3 .  



8 8 . 

Ben son , G . K .  and Mor r i s ,  L . R .  ( 1 9 7 1 ) . Foe ta l  gr owth and lactat ion 
in r ats  expo sed  to high  tempe r a tur e s  d u r ing pregnancy . 
J .  Reprod . Fe r t .  �, 3 6 9 -3 8 4 . 

B e r nd ston , W . E . and De s j a r d i n s ,  C .  ( 1 9 7 4 ) .  C i r c u l a t i ng LH a nd FSH 
leve l s  and te s t icular  func t ion i n  hams te r s  dur ing l ight  
depr ivation and  subseque nt photope r iod ic s t imu l a t ion . 
Endocr i nolog y �, 1 9 5 - 2 0 5 . 

Be r nd t son , W . E . ,  P i c k e tt , B . W .  and 
phy s iolog y o f  the sta l l ion . 
concentrat ion of  pe r iphe r a l  
1 1 5 -11 8 . 

Nett , T . M .  ( 1 97 4 ) . Repr oduc t ive 
IV Sea sonal  change s in testoste r one 

pla sma . J .  Reprod . Fer t .  � ,  

Bigger s ,  J . D .  and B e l lve , A . R . ( 1 9 7 4 ) . Car bon d iox ide in  developmental  
proce sse s .  I n  Car bon Dioxide and Me tabol ic  Reg u l a t ion . Ed s .  
G .  Na has and K . E .  Sc hae fe r .  Spr i nger -Ver lag New Yor k -He i d e l be r g 
Be r l i n .  

Bogar t ,  R .  and Maye r , D . T .  ( 1 9 4 6 ) . The r e l a t ion o f  tempe r a t u r e  and the 
thyroid  to mammal i an r eproduct ive phys iology . Am .  J .  Phys iol . 
1 4 7 , 3 2 0 - 3 2 8 . 

Bowman , J . C .  ( 1 9 7 3 ) . Photope r iod i c ty i n  mamma l s . J .  Reprod . Fe r t .  
( Suppl . )  1 9 ,  8 5 -8 8 . 

Brook s ,  P . H .  and Cooper , K . J .  ( 1 9 7 2 ) . Sho r t  te rm nutr i t ion and 
l i tte r s i z e . In  " P i g  Pr oduc t ion " ,  ed i ted by D . J . A .  Cole , 
pp . 3 8 5 - 3 9 8  Bu t t e r wor ths , London .  

Br own , D . E . ,  Ha r r i son , P . C . , Hind s ,  F . C . , Lewi s ,  J . A .  and Wa l lace , 
M . H .  ( 1 9 7 7 ) . He at  stre s s  e f fec t s  on foe tal  deve lopment  dur ing 
late ge stat ion in the ewe . J .  An im . Sc i . ,  !ir 4 4 2-4 4 6 . 

Bur fen ing , P . J . , E l l ibt , D . S . , E i sen , E . J .  and Ulbe rg , L . C .  ( 1 9 7 0 ) . 
Sur v ival of  emb r yo s  re s u l t i ng from spe rmatazoa produced by 
mice expo sed to e levated ambient  tempe r a t ur e . J .  An im . Sc i . ,  
lQ, 5 7 8 -5 8 2 . 

Bur ger , J . F .  ( 1 9 5 2 ) . Sex phys iology  i n  p ig s .  Onder s tepoor t 
Jou r nal  of  Ve ter inar y  Re se a rc h ,  Suppl . �,  3 - 2 1 8 . 

Bunn ing , E .  ( 1 9 6 7 ) . The phys iolog ical  cloc k .  2nd ed i t . Be r l i n 
Spr i nge r -Ver l ag . 

Chowdhur y ,  A . K . and Ste inbe r ge r , E .  ( 1 9 6 4 ) . A quan t i t ive stud y  
o f  the e f fe c t  of  heat  o n  germinal  e p i the l ium o f  r a t  te s te s .  
Am . J .  Anat . 1 1 5 ,  5 0 9 -5 2 4 . 

Chowdhur y ,  A . K .  and Ste inbe rger , E .  ( 1 9 7 0 ) . Ear ly  c hange s i n  the 
ger minal epithel ium of the rat t e s ti s fol lowing expo su r e  
to heat . J .  Reprod . Fer t .  �' 2 0 5 - 2 1 2 . 



C hr i stenson , R . K . , Te ague , H . S . , Gr i fo ,  A . P .  ( j r . )  and Rol l e r , 
W . L .  ( 1 9 7 2 ) . The  e f fe c t  o f  high  env i r onmental  tempe r a tur e 
on the boa r . Oh io Swine Re sea r c h  and In forma t ion Repor t -

1 97 2 .  Re search  Summar y  6 1 ,  Ohio Agr icul tur a l  Re se a r c h  and 
Deve lopment  Centr e .  Woo s te r , Ohio . 1 9 -2 3 .  

C l e g g , fvl . T .  and Doyle , L . L .  ( 1 9 6 7 ) . Role  i n  reproduc t ive 
phys iology of  a f fe r e n t  impu l se s  from the gen i ta l i a  a nd 

8 9 .  

othe r  r e g i on s .  In  " Neuro e ndoc r i no logy " ,  Vol . I I , pp . 1 -17 . 
Ed s L .  Mar t i n i  and W . F .  Ganong , New Yor k  and London : 
Ac ademic Pr e ss . 

Cor tee l , J . M . , Si gnor e t , J . P .  and du  Me sn i l  du B u i s son ( 1 9 6 4 ) . 
Var i a t ions  sa i sonn ie r e s  de la  reproduct ion de la t r u ie e t  
facteur s favor i sant l ' anoe str u s  tempor ale . Proceed ing s o f  
the Fi fth  I n te r na t iona l Cong r e s s  f o r  An imal Reprod uc t ion 
and Ar t i f ic i al I n se�ina t ion , Rome 1 9 6 4  : pp . 5 3 6 -5 4 0 . 

Cowl e s ,  R . B .  ( 1 9 5 8 ) . The revol u t ionar y s ig n i f icance of  t he sc rotum . 
Evol ut ion , 1 2 , 4 1 7 -4 1 8 . 

Cr i b le z ,  T . L .  and Al l i ston , C . W .  ( 1 9 7 4 ) .  Ur id ine i ncor por a t ion and 
pyr uvate me tabol i sm in  r a bbi t  egg s c u l tured in  v i tro  at norma l 
and e leva ted tempe r a tu r e s .  J .  Repr od . Fe r t .  }l ,  3 8 7 -3 9 1 . 

Cr i tchlow , V .  ( 1 9 6 3 ) . The role o f  l ig ht i n  the ne uro e ndoc r ine system . 
I n  " Advance s i n  Neuro e ndoc r i nolog y "  pp . 3 7 7 -4 0 2 . Ed . A . V . 
Nal bandov Ur bana , I l l ino i s  : Un i v .  I l l ino i s  Pr e s s . 

D ' Ar ce , R . D . , Teague , H . S . , Rol ler , W . L . , Gr i fo A . P .  and Palme r , W . M .  
( 1 9 7 0 ) . E f f e c t  o f  sho r t  term  e leva ted d r y-bu l b  and de w-poi n t  
temper a t u r e  o n  the  cyc l ing g i l t . J .  An im . Sc i .  lQ ,  3 7 4 -3 7 7 . 

Dav i s ,  G . J .  and Meye r , R . K . ( 1 9 7 3 ) . Sea sona l var i a t ion i n  LH and 
FSH o f  b i la te r a l ly c a s tr a ted snowshoe har e s .  Gen . Comp . 
Endoc r inol . �'  . 6 1 - 6 8 . 

Du four , J .  and Bernar d , C .  ( 1 9 6 8 ) . E f f e c t  o f  l ig ht on the 
deve lopme n t  of  mar ke t  pig s and breed i ng g i l t s . Can .  J .  An im . 
Sc i .  4 8 , 4 2 5 -4 3 0 . 

Du t t , R . H .  ( 1 9 6 0 ) . Temper a t u r e  and l ig ht a s  fac tor s in  r eproduc t ion 
among f a r m  a n ima l s .  J .  Da i r y  Sc i .  ( Suppl . )  Q, 1 2 3 -1 4 4 . 

Dut t , R . H .  ( 1 9 6 3 ) . Cr i t ical  pe r iod for ear ly embr yo mor tal i ty in  
ewe s  e xpo sed to h i g h  amb i en t  tempe r a t ur e .  J .  An im . Se � .  
2 2 , 7 1 3  -7 1 9  (A . B . A .  , 3 2 , No . 2 9 3 • ) 

Du t t , R . H .  ( 1 9 6 4 ) . D e t r imental  e f fec t s  o f  high  amb i e n t  tempe r a tur e 
on fer t i l i ty and e a r ly embr yo surv ival  in  sheep . In t .  J .  
Bi ome teor . � '  ( 1 )  4 7 -5 6 . 

D yc k , G . W .  ( 1 9 7 4 ) . Ovu l a t ion r a te and we ight  o f  t he r eprod u c t ive 
organs  of Yor k sh i re and Lacombe swine . Can . J .  An im . Sc i .  
5 1 , 1 3 5 .  



9 0 . 

Ebun i k e , G . N .  and Ste inbac h ,  .J .  ( 1 97 2 ) . Age c hange s  in t he te s t ic u la r  
func t ion o f  boar s r e a r ed i n  a trop i c a l  env i ronme n t . Pr oc . 
Vl l t h  I nt .  Cong r . Anim . Reprod . A . I .  Mun ich  pp . 2 0 8 8 -2 0 9 0 . 

Ede y ,  T . N .  ( 1 9 6 9 ) . P r e na t a l  mor ta l i ty in sheep : A  r eview  An im . 
Br eed . Abstr . ,  11 ,  1 7 3 -1 9 0 .  

Edwa rd s ,  R . L . , Omtved t ,  I . T . , Turman , E . J . , Stephe n s ,  D . F .  and 
Mahoney , G . W . A .  ( 1 9 6 8 ) . Repr oduc t ive per for mance of g i l t s  
fol lowi ng he at s t r e s s  pr ior to breed ing and i n  ear ly  ge s t a t i on . 
J .  An im . Sc i .  �, 1 6 3 4 -16 3 7 . 

Ell iot , D . S . , Bur fening , P . J . , Ulbe r g , L . C .  ( 1 9 6 8 ) . Su bsequent 
deve lopment dur ing incubat ion of  fer t i l i zed mou se ova s t r e s sed  
by high  ambient tempe r a t ur e s . J .  Exp . Zool . ,  16 9 ,  4 8 1 - 4 8 6 . 

E l l iot , D . S .  and Ulber g ,  L . C .  ( 1 9 7 1 ) . Ea r ly embr yo deve lopme nt 
in  t he mamma l .  I .  E f fec t s  o f  expe r ime n t a l  a l te r a t ions dur i ng 
the f i r st  a l l  d iv i s ion i n  the mou se zygote . J .  An im . Sc i .  
3 3 , 8 6 -9 5 . 

El sley , F . W . H .  and MacPhe r son , R . M . ( 1 9 7 0 ) . Some obse r va t ions on t he 
e f fe c t  o f  extr eme unde r nutr i t ion i n  pr egnanc y  on l ive -we ig h t  
c hange s and r eproduct ive per formance of  sows . An im . P r od . 
1 2 , 3 7 4 . 

Eu ke r , J . S .  a nd Riegle , G . D .  ( 1 9 7 3 ) .  E f fec t s  of  s t r e s s  on p r egnancy 
i n  the r a t . J .  Rep r od . Fe r t .  3 4 , 3 4 3 -3 4 6 .  

Far ne r , D . S .  ( 1 9 6 1 ) . Compar a t i ve physiology : photope r iod i c i ty .  
A .  Rev . Phys iol . � ,  7 1 - 9 6 . 

Far ne r , D . S .  and Lewi s ,  R . A .  ( 1 9 7 3 ) . F i e ld and e xper ime n ta l  s t ud i e s  
o f  t he annual c yc l e s  o f  wh i te -c r owned spa r r ows . J .  Reprod . 
Fer t .  Suppl . 1 9 j 3 5 -5 0 .  

Fau l k ne r , L . C . , Hopwood , M . L . , Ma sken , J . F . , Ki ngman , H . E . a nd 
Stodd a r d , H .  L .  ( 1 9 6 7 ) . Sc r o t a l  fro s t b i te i n  bul l s .  J .  
Ame r . ve t .  med . a s s . 1 5 1 , 6 0 2 - 6 0 8 . 

Fol l e t t , B . K .  ( 1 9 7 3 ) . C i r cad ian  r hythms and photope r iod ic  t ime 
mea su r ement in b i rd s .  J .  Repr od . Fer t .  Suppl . 1 9 , 5 - 1 8 . 

Fr a se r , A . F .  ( 1 9 6 8 ) .  Repr oduc t i ve be hav iour i n  u ng u l a te s .  London 
and New Yor k  : Academic Pr e s s . 

Fr e e man , M . F .  and Tuk e y , J . W .  ( 1 9 5 0 ) . 
t he ang u l a r  and t he squar e  r oo t . 
6 0 7 -61 1 .  

T r a n sforma t ion s r e lated to 
Ann .  Mat h . Stat i s t . �! , 

Ganong , W . F . , Shephe r d , M . D . , Wal l , J . R . , Van B r un t , E . E .  and Clegg , 
M . T .  ( 1 9 6 3 ) . P e ne t r a t ion o f  l ight  i n to the bra in  o f  mamma l s .  
Endocr inology 7 2 , 9 6 2 -9 6 3 . 



91 . 

G imene z ,  T . , Bar th , D . , Ho f fman , B .  and Kar g , H .  ( 1 9 7 5 ) .  Blood 
l e ve l s  of te s to s te rone in the roe deer  (Capr eolu s c apr eol u s )  
i n  r e l a t ion sh i p  to the sea son . Ac ta . endocr . Copenh . Suppl . 
1 � 3 , 5 9  Abstr . 

Gome s ,  W . R .  and Jo yce M . C .  ( 1 9 7 3 ) . Pl a sma l u te n i z ing hormone ( LH )  
and proge ste r one leve l s  in  he i fe r s o n  re str i c ted ene r g y  
intake s . J .  An im . Sc i .  ll '  7 28 -7 3 3 . 

Good e , L .  ( 1 9 6 4 ) . Ef fec t s  o f  summer con f i nement  upon e we produc t iv i t y . 
J .  An im . Sc i .  �,  9 0 6 , Abstr . 

Gunn , R . M . C . , Saund e r s ,  R . W .  and Gr ange r ,  W .  ( 1 9 4 2 ) . Stud i e s  i n  
fe r t i l i ty in  sheep . 2 .  Sem inal  c hange s a f fec t i ng fer t i l i ty 
in  r ams . Bul l . No .  1 4 8 . (Austra l i a : c . s . I . R . O . ) 

Gu t z sche ba uc h ,  A .  ( 1 9 3 5 ) . Der Hode n  d e r  Hou s sauge t ie r e  und se ine 
Hul l e n  in  b i olog i sche r und a r td i agno s t i sche r  Hin s icht . z .  Ana t .  
En twGe sch .  1 0 5 , 4 3 3 -4 5 8 . 

Gwinner , E .  ( 1 9 7 3 ) .  C i rcannua l r hythms i n  b i r d s  : the i r  i n te r a c t ion 
wi th  c i r cadian  r hythms and e nv i r onme n t a l  Vhotope r iod . J .  Reprod . 
Fe r t .  Suppl . 1 9 , 5 1 - 6 5 . 

Hac ker , R . R . , K ing , G . J .  and Bear s s ,  W . H .  ( 1 9 7 4 ) .  E f f e c t s  o f  complete 
dar kne ss on g r owth and reproduc t ion i n  g i l t s . J .  An im . Sc i .  
�, p .  1 5 5 . 

Hac k e r , R . R . , K ing , G . J .  and Smi t h ,  V . G .  ( 1 97 6 ) . E f f e c t s  o f  6 and 1 8  
hour l ight on r e p roduc t ion i n  g i l t s . J .  An im . Sc i .  !l ,  p .  2 2 8 . 

Ha fe z , E . S . E .  ( 1 9 6 4 ) .  Env ironme n t  and r ep r oduc t ion i n  dome s t i c a ted  
spe c ie s .  In t .  Re v .  gen . exp . Zoo l . l ,  1 1 3 - 1 6 4 . 

Han b i kov , S . B .  ( 1 9 6 8 ) . Produc t i v i ty o f  sows in re lat ion to t he ir  
age and time o f  far rowing . Uc he n . zap . k a z a n , go s .  ve t .  I n st . , 
� ,  1 4 2 -1 4 5 .  

Hayhow , W . R . , We bb , C .  and Je r v i e , A .  ( 1 9 6 0 ) . The acc e s so r y  opt ic 
f i br e  system i n  the r a t . Jour nal  o f  Compa r a t ive Neurology ..  , 
1 1 5 , 1 8 7 -2 0 0 . 

He i tman , H . , Hug he s ,  E . H . and Ke l l y , C . F . ( 1 95 1 ) . E f f ec t s  o f  e levated 
temper atur e on pr egnant sows . J .  An im . Sc i .  1 0 ,  9 07 - 9 1 5 . 

Hi l l , W . G .  ( 1 9 7 0 ) . Hybr id i sat ion in p ig s . Ve t .  Rec . 8 9 ,  8 6 - 9 0 . 

Hoc he r e a u - de Rev i e r s ,  M . T . , Lo i r , M .  and Pelle t ie r , J .  ( 1 9 7 6 ) .  
Sea sonal var i a t ions in  the r e spon se s of  the te s te s and LH 
l e ve l s  to hemic a s t r a t ion o f  ad ul t r ams . J .  Reprod . Fer t .  
� ,  2 0 3 - 2 0 9 .  

Howar t h , B .  ( j r . )  and Hawk , H . W .  ( 1 9 6 8 ) . E f fect  of  hyd r 1co r t i sone on 
embr yon ic  s u r vival  in shee p . J .  An i m .  Sc i .  �, 1 1 7 -1 2 1 .  



Jac k son , G . L . , Roche , J . F . , Fo ste r , D . J .  and Dz i u k , P . J .  ( 1 9 7 1 ) . 
Lu t e n i z ing hor mone r e le a s ing ac t iv i t y  in  the hypo thal arnu s 
of  anoe strous  and cyc l ic ewe s .  B io l . Reprod . � ,  5 -1 2 . 

Jau s s i aux , M .  ( 1 9 6 4 ) .  A contr ibut ion to the stud y o f  sea sonal  
var i a t ions in  fecund i ty in  a r t i f i c i a l  insemina t ion o f  p ig s .  
5 t h  Int . Cong r . An irn . Reprod . A . I .  ( Tr ento ) , Vol I V :  
4 7 6 -4 8 0 .  

9 2 . 

Kammlade , W . G . , We l c h , J . A . , Nalbandov , A . V .  and Nor ton , H . W .  ( 1 9 5 2 ) . 
P i t u i tar y ac t iv i ty o f  sheep in  r e l a t ion to the breed i ng sea son . 
J .  An irn . Sc i .  1 1 , 6 4 6 -6 5 5 .  

Ka tongole , C . R . , Na f tol in , F .  and Shor t ,  R . V . ( 1 9 7 4 ) .  Sea sonal  
var iat ions i n  blood lute n i z i ng ho rmone and te stoste r one 
leve l s  in  r ams . J .  Endocr . �, 1 01 -1 0 6 . 

Ke r n kamp , H . C . H .  ( 1 9 6 5 ) . B i r t h  and de a th s ta t i st i c s  on p i g s o f  
pr e -wean ing age . J .  Am . ve t .  med . Ass . 1 4 6 , 3 3 7 -3 4 0 .  

Ko j irna , Y .  ( 1 9 7 3 ) .  Boar spe r mata zoa wi th  mul t iple heads . J .  Repr od . 
Fe r t .  �, 53  7 - 5  3 9 • 

Klo� hkov , D .  V . , Kloc hkova , A .  Ya . ,  K im , A . A .  and Be l j aev , D . K .  ( 1 9 7 1 ) . 
The influence o f  photope r iodic  cond i t ion s on fe r t i l i ty in  g i l t s . 
Proc . l O th  I n t . Cong r . AQ irn . Prod . � Ve r sa i l le s  Sec t ion I I  pp . 8 .  

Klo� hkov , D .  V . , Klo6hkova , A .  Ya . ,  K irn ,  A . A .  and Be l j aev , D . K .  ( 1 9 7 5 ) .  
Supplementar y l ight ing in a utumn -winter  i nc r e a se s  l i t t e r  
s i z e  of  darns . Zhivotnovod strvo No . 3 ,  7 4 -7 8 . 

Klotkova , A .  Ja . ,  Rogor , G . O .  and Ernme , A . M .  ( 1 96 1 ) . The e f fec t o f  
photope r iod i c t y  on sexual f unc t io n s  of  sows . Sv i novod s tvo , 
12_, ( 3 ) , 4 2 -4 4 . 

Larnond , D . R . , Rad fo r d , H . M . , and Wal l ace , A . L .  ( 1 9 5 9 ) .  Bioa s say o f  
sheep ante r ior  p i tu i tar y gland s .  Natur e ,  1 8 3 , 1 5 9 7 -1 5 9 8 . 

Le blond , C . P .  and C l e r mon t , Y .  ( 1 9 5 2 ) . De f i n i t ion o f  the stag e s o f  
t h e  cycle  o f  t he semi n i fe r o u s  ep i the l i um in  the  r a t . Ann . N . Y .  
Acad . Sc i .  5 5 , 5 4 8 -5 7 3 .  

L i ncoln ,  G . A .  and D av id son , W .  ( 1 9 7 7 ) .  The r e l a t ionship be tween 
sexual  and agg r e s ive be haviour , and p i tu i tar y and te s t icular  
ac t i v i ty dur ing the sea sonal  sexual  c ycle  of  r ams  and the 
i n fl uence of  photope r iod . J .  Rep r od . Fe r t . �' 2 6 7 - 27 6 . 

Liptr ap , R . M .  ( 1 9 7 0 ) . E f fe c t  o f  cor t icot r ophin  and cor t icoste r o i d s  
on oe str u s ,  ovu l a t ion and oe s t r ogen  exc r e t ion i n  sows . J .  
E ndoc r . !l r  1 9 7 -2 0 5 . 

L iptr ap , R . M .  ( 1 9 7 3 ) .  Oe strogen excr e t ion by sows wi th  induced cyst ic 
ovar i an fol l i c l e s .  Re s .  ve t .  Sc i .  1 5 , 2 1 5 - 21 9 . 

Lod ge , C . A .  ( 1 9 7 2 ) .  Quan t i ta t i ve a spec t s  of  nut r i t ion i n  pregnancy 
and l ac ta t ion . In " P ig  P r oduc t ion " , ed i ted by D . J . A .  Cole , 
pp . 3 9 9 - 4 1 6  Bu t t e r wor t h s , London . 



9 3 . 

Lodge ,  J . R . and Sa l i sbur y ,  G . W .  ( 1 9 7 0 ) . Sea sona l  va r i a t ion and mal e  
r eprod uc t ive e f f ic ie nc y . I n  " The te s t i s " . Vol . I I I ,  pp . 1 3 9 - 16 7 . 
Ed s .  A . D .  John son , W . R . , Gome s and N . L .  VanDemar k .  New Yor k  
and London : Academic Pr e s s .  

Lo f t s , B .  and Lam , W . L .  ( 1 9 7 3 ) . C i r cad ian r eg u l a t ion o f  gonadotrop h i n  
sec r e t ion . J .  Reprod . Fer t . ( Suppl .) 1 9 .  1 9 -3 4 . 

Love , R . J .  ( 1 9 7 8 ) . De f i n i t ion o f  a sea sona l infer t i l i ty pr oblem 
in  pig s . Ve t .  Rec .  1 0 3 , 4 4 3 -4 4 6 . 

McKen z ie , F . F .  and Be r li ne r , V .  ( 1 9 3 7 ) . The r eproduc t ive c apac i ty 
of r ams . Mo . Agr . Exp . Re s .  Bul l . 2 6 5 . 

McMi l l i n , J . M . , Se al , U . S . , Kennlyne , K . D . , Er i k son , A . W .  and Jone s ,  
J . E .  ( 1 9 7 4 ) .  Annual te s tosterone r hythm in  the adu l t  whi te 
ta iled deer  ( Odocoi le u s  v i rg i n i ana s bor e al i s ) . Endoc r inolog y 
� I  1 0 34 -1 0 4 0 .  

McN i t t , J . I .  and F i r st , N . L .  ( 1 9 7 0 ) . E f f ec t s  o f  7 2  hour he a t  s tr e ss 
on semen qua l i t y  i n  boa r s .  In t .  J .  B iome t .  1 4 , 3 7 3 - 3 8 0 .  

McN i tt , J . I . , Tanne r , C . B .  and F i r st , N . L .  ( l 9 7 2 a ) . The rmor egul at ion 
i n  the sc rotal  system of the boa r . I .  Tempe r a tur e d i str i bu t ion . 
J .  An im . Sc i .  l!' 1 1 2 -1 1 6 . 

McN i tt , J . I .  Tanne r , C . B .  and F i r s t , N . L . ( l 9 7 2 b ) . The rmor egul a t i on 
i n  the scrotal  system o f  the boa r . I I .  Evapo r a t ive he at  
exc hange . J .  An i m .  Sc i .  l!' 1 1 7 -1 2 1 . 

MacFar l ane , W . V . , Pennyc u i k , P . R .  and Thr i f t , E6 ( 1 9 5 7 ) .  Re sorpt ion 
and loss  of  foe tuse s in r a t s  l iv i ng at 35 C .  J. Physi o l . 
Lond . 1 3 5 , 4 5 1 -4 5 9 . 

Mad � i r ov , z . , Pe tkov � K . , Ne �ov sk i ,  P .  and Jana� kov ic , D .  ( 1 9 7 3 ) .  
E ffec t  o f  some � l ima t ic fac tor s on fe r t i l i ty in  p ig s .  I .  
Oe s tr u s ,  concept ion and embr yon ic mor tal i ty .  Ve te r i nar sk i 
G l a sn i k  f:l_, ( 9 )  : 6 5 3 -6 5 8 . 

Magnan i ,  G .  and Ce sat i ,  R .  ( 1 9 6 6 ) .  The e f fe c t  o f  sea son on the r e tu r n 
o f  hea t  a fter  par tur i t ion i n  the sow . Att i . Soc . i ta l . Sc i .  
ve t . 2 0 ,  3 1 8 - 3 2 0 .  

Ma r t inat , F . ,  Legaul t ,  C . , d u  Me sn i l  du Bu i s son , F . , Ol l iv ie r , L .  and 
S ignor e t , J . P .  ( 1 97 0 ) . Stud y  o f  d e l a yed pube r ty i n  the sow . 
Annl s .  Zootech . 1 9 , 4 8 3 -4 8 4 . 

Ma z zar r i ,  G . , du  Me sn i l  Bu i s son , F .  and Or tava nt , R .  ( 1 9 6 8 ) . Ac t ion 
de  la temper atur e e t  de la  l um ie r e  sur la sper matogene se , l a  
prod uc t ion e t  le  pouvo i r  fecondant d u  sper me che z le ve r r a t . 
P r oc . VI th I n t . Cong r . Anim . Prod . A . I .  Par i s !'  3 0 3 - 3 0 8 . 

Menake r ,  M .  ( 1 9 7 1 ) . Rhythms , r eproduc t ion and photor ecept ion . 
Biol . Repr od . i '  2 9 5 -3 0 8 . 



9 4 . 

Mi r arch i , R . E . ,  Sca n lon , P . F . , K i r kpatr i c k , R . L .  and Sc hrec k ,  C . B .  
( 1 9 7 5 ) . Var i a t ion in  androgen leve l s  in  wh i te ta i led deer  
in  r e l a t ion to the antle r c yc l e  and the breed i ng se a son . J .  
An im . Sc i .  !Q ,  1 8 5 -1 8 6  Abst r . 

Mor r i s ,  L . R . ( 1 9 6 6 ) . Some e f f ec t s  o f  h i g h  envir onme n t a l  tempe r a tur e s  
dur ing pr e gnancy with  spec i a l  r e fer ence to foe t a l  growth and 
lactat ion . Ph . D. the s i s ,  Un i ve r s i ty o f  L i ve r poo l . 

Mount , L . E . ( 1 9 6 8 ) . The c l ima t i c  phys iology of  the  p i g . Edward  
Ar nold , London . 

Mou stgaard , J .  ( 1 96  9 ) . Nu tr i t ive i n f l uenc e s  upon r eproduc t ion .  In  
" Repr od uc t ion i n  dome s t ic an imal s " , 2nd ed i t .  pp . 4 8 9 - 5 16 . 
Ed s .  H . H .  Col e  and P . T .  Cupp s . New Yor k  and London : Academi c  
Pr e s s .  

Na uta , W . J . H .  ( 1 96 3 ) . Cent r a l  ne r vo u s  organ i sa t ion and t he endoc r ine  
motor system . In  " Advance s i n  Neu r o  endocr inolog y " , p .  5 .  
Ed . A . V. Nal bandov . Ur bana , I l l i no i s  : Un i� I l l i no i s  Pr e s s .  

Omtvedt , I . T . , Nel son , R . E . , Edwar d s ,  R . L . , Stephen s ,  D . F .  and Tur ma n , 
E . J .  ( 1 9 7 1 ) .  I n f l uence of  he a t  str e s s  dur i ng e a r l y ,  mid and 
late p r e gnancy of g i l t s . J .  An im . Sc i .  �' 3 1 2 - 3 17 . 

Or tavant , R .  Ma uleon , P .  and T h i ba u l t ,  C. ( 1 9 6 4 ) . Pho tope r iod ic  con t r ol 
of  gonad a l  a nd hypophyseal  ac t i v i ty in dome s t i c  a n ima l s .  Ann . 
N . Y . Acad . Sc i .  1 17 , 1 5 7 -1 9 3 . 

P a te r son , A . M . , Ba r ke r , I .  and L ind say , D . R .  ( 1 9 7 8 ) .  Summe r infer t i l i ty 
in  p ig s ; i t s  inc idence and c har ac te r i stic s i n  an  Au s t r al ian  
comme r c i a l  p igger y .  Austr a l i an Jour nal of  Expe r imen t a l  
Agr i c u l t u r e  and An imal Hu sband r y  1 8 , 6 9 8 -7 0 1 .  

P l ant , T . M . , Z umpe , D .  Saul s ,  M .  and Michae l , R . P .  ( 1 9 7 4 ) .  An annua l 
r hythm in  t he pla sma te sto ste rone o f  adul t ma le  r he su s  mon k e y s  
ma i n t a i ned  i n  the labor a tor y . J .  Endocr . �, 4 0 3 -4 0 4 . 

Pond , W . G . , Str achan , D . N . , S inha , Y . N . , Wal ke r , E . F . , Dunn , J . A .  
amd Bar ne s ,  R . H .  ( 1 9 6 9 ) . E f f e c t  o f  pr ote i n  depr iva t ion o f  swi ne 
dur ing a l l  or  par t  of  ge s t a t ion on bi r th we i g h t , po s t-natal 
growth r a te and nucle ic  acid conte nt  o f  br a i n  and mu scle  proge n y . 
J .  N u t r . 6 9 , 6 1- 6 7 . 

Randa l l , G . C . B .  and Penny , R . H . C .  ( 1 9 7 0 ) . S t i l l b i r t h  in  the p i g : 
ana l ys i s  of  t he breed i ng r ec or d s  o f  f ive her d s . Br . ve t .  J .  
1 2 6 , 5 9 3 -6 0 3 .  

Re id , J . T .  ( 1 9 6 0 ) . Effec t o f  e n e r g y  i n take  upon r ep roduc t ion i n  f a r m  
anima l s .  J .  Da i r y  Sc i .  !l'  ( Suppl . ) ,  1 0 3 - 1 2 2 .  

Re i te r , R . J .  ( 1 97 3 ) . Compar a t i ve phy s iolog y : p i ne a l  g l a nd . Ann . Rev . 
Phy s io l . �, 3 05 -3 2 8 . 



9 5 . 

Re i te r , R . J .  ( 1 97 4 ) . C i r c annual r eprod uc t ive r hythms i n  mammal s  
r e lated to photope r iod and p ineal  func t ion : a r ev i e w  
Chronobiolog i a  1 .  3 6 5 - 3 9 5 . 

Re i te r , R . J .  ( 1 9 7 6 ) .  P ineal  and a s soc iated neuro e ndocr i ne r hythms . 
Psyc hone uroendocr i nology !,  2 5 5 -2 6 3 . 

Rol le r , W . L .  and Stombaug h ,  D . P .  ( 1 9 7 4 ) .  T he i n f l uence of  envi r onme n t a :  
fac tor s o n  repr oduc t ion of  l ive stoc k . Proceed ing s o f  t h e  
Inte r nat ional L i ve s toc k Env i r onme nt Sympos ium A . S . A . E . , 
St . Joseph , M i c higan : pp . 3 1 -4 9 .  

Rhyme s ,  N . E .  and Ewing , L . L . ( 1 97 3 ) .  T e s t i c ular e ndoc r i ne fun c t ion 
in  her e ford bul l s  e xpo sed to h i g h  ambient  tempe r a tur e . 
Endocr inolog y �, 5 0 9- 5 1 5 . 

San ford , L . M . , Palrne r , W . M . and Howland , B . E .  ( 1 97 4 a ) . Se a sonal  
var i a t ion o f  se r um l e ve l s  of  LH and te s tosterone in  the  r am .  
Can . J .  An im . Sc i .  �, 2 4 7 -2 4 9 .  

San ford , L . M . , Winte r , J . S . D . , Pa lrner , W . M .  and Howland , B . E .  ( 1 9 7 4 b ) . 
T he prof i le o f  LH a nd t e s to ste rone secret ion in t he r am .  
Endoc r i nology 9 5 , 6 27 -6 31 . 

Sc hrnid t , K .  and Br e i t sc hne ider , w .  ( 1 9 5 4 ) .  
ablauf  der sexual zy k l u s  be i de r sau . 

U be r  den a u sse r e n  
T ie r z ucht  � ,  1 1 9 . 

Sc hwe i ze r , R.  ( 1 9 2 9 ) . U ber  d ie Bedeutung d e r  Va scular i sa t ion , de s 
Binnerdr uc k e s  und der  Zwi sche n z e l l e n  f ur d ie B io log ie  de s 
Hode ns . z .  Anat . EntwGe sch �, 7 7 5 -7 9 6 .  

Sco f ie ld , A . M .  ( 1 9 7 2 ) .  Embr yon ic mor tal i t y . In  " P ig Prod uc t ion " , 
ed i ted by D . J . A . Cole , pp . 3 6 7 -3 8 3 .  Butterwor t h s , London .  

She ar e r , I . J .  and Adarn , J . L .  ( 1 9 7 3 ) .  Per  cent  r e tu r n s  to f ir s t  mat i ng .  
Proceed ing s  o f  t he Rua k u r a  Por k  Produc e r s Con fer ence , New 
Z e a land , 4 0 - 4 1 . 

She l ton , M .  ( 1 9 6 4 a ) .  Rel a t ion of  b i r t h  we ight  to death  l o s se s and 
c e r t a in produc t i ve cha r ac te r i st i c s  o f  fal l -bor n lambs . 
J .  An im . Sc i .  � ,  3 5 5 - 35 9 .  

She lton , M .  ( 1 9 6 4 b ) . Rel a t ion o f  env i r onme n tal tempe r a t u r e  d u r ing 
g e s ta t ion to b i r th we ight  and mor ta l i t y  o f  l amb s . J .  Anim . 
Sc i .  �, 3 6 0 - 3 6 4 . 

She lton , M .  and Hu s ton , J . E .  ( 1 9 6 8 ) .  E f f ec t s  of  h igh tempe r a tu r e  
s t r e ss  dur i ng ge sta t i on o n  c e r tain  a spects  o f  r eprod uc t ion 
in  the ewe . J .  An im . Sc i .  � ,  1 5 3 -1 5 8 . 

Shor t ,  R . V. ( 1 9 7 3 ) . Gonadotroph i n s , and roge ns and aggr e s s ion . Ac ta  
e ndocr . ,  Copen h , ( Suppl . ) 17 7 ,  3 8 9 , Ab st r . 

Si gno r e t ,  J . P .  ( 1 97 1 ) . The r eprod uc t i ve behaviour of  p i g s  i n  
r e l a t ion t o  fe r t i l i ty .  Ve t .  Rec . �, 3 4 -3 8 . 



9 6 . 

S ignor e t , J . P .  ( 1 9 7 2 ) .  The ma t i ng behav iour o f  t he sow . I n  " P i g  
Pr oduc t ion " , ed i ted b y  D . J . A .  Cole pp . 2 9 5 - 31 3 . Bu t t e r wor t h s , 
London . 

Smi t h ,  o . w .  and Sm i t h  G .  V .  ( 1 9 5 2 ) . Endocr i no logy and r e l a ted 
phenome na of  t he human men s t r ual  cyc le . Rec e n t  P rog . Hor m .  
Re s • ]_ ,  2 0 9 -2 4 6 • 

Smi th ,  c .  a nd K ing , J . W . B .  ( 1 9 6 4 ) . Cr o s s  breed ing and l i t te r  prod uc t ion 
in  Br i t i sh p ig s .  An im . Pr od . §_,  ( 3 ) 2 6 5 -2 7 1 .  

Steger , H . , K i rmse , K . , Laeck , G . , Huhn , U . , Pu sche l , R .  and 
Sc hremme r , H .  ( 1 9 7 1 ) . Unte r suc hungen z ur He l l -and Dun k e l 
stal l hal t ung van zuc ht sauen und Ebe r n . Ar c h  T i e r z uc h t  14 , 
5 5 -6 7 . 

Ste inbach , J .  ( 1 9 7 1 ) .  E f f ec t s  o f  sea son and br eed on sow per formance 
i n  the sea sona l -equa tor i a l  c l ima te of  sout he r n  N iger i a . J .  agr ic . 
Sc i . , Camb . ]_]_, 3 3 1 - 3 3 6 . 

Ste i nbach , J .  ( 1 9 7 2 ) .  B iocl ima t ic i n fluenc e s  on sexu a l  ac t iv i t y  
i n  boa r s .  Proc . VI I th I n t . Cong r . An im . Reprod . A . I . ,  
Mun i c h. pp . 2 0 8 1 - 2 0 8 5 . 

S t e t son , M . H . , El l io t , J . A .  and Me nake r ,  M .  ( 1 97 5 ) .  P hotope r iod i c  
regu l a t ion o f  hamste r te ste s :  c i r c ad ian  sen s i t iv i ty t o  the 
e f fec t s  of l ig ht . Bio l . Reprod . 13 , 3 2 9 - 3 3 9 .  

S tor k ,  M . G . ( 1 9 7 9 ) . Se a sonal reproduc t ive ine ffic i ency i n  l a r g e  
pig  breed i ng un i t s  in Br i ta i n . Ve t .  Rec .  1 04 , ( 3 ) , 4 9 -51 . 

Str ang , G . S .  ( 1 9 7 0 ) . Li tter  prod uc t iv i ty in  Large  Wh i te p ig s .  I .  
The r e l a t ive impor tance of  some sou r c e s  of  var i a t ion . An im . 
Prod . 1 2 , 2 2 5 - 2 3 3 . 

Spi ncema i l l e , J . , Vandep l a s sc he , M .  and Bou te , P .  ( 1 9 7 2 ) .  Some a spec t s  
o f  t he e st r u a l  c ycle  and ova r ian cyst ic dege n e r a t ion i n  sows . 
Proc . VI I th I n t . Congr . An i m .  Reprod . A . I . ,  Mun ich. pp . 8 2 5-8 2 9 .  

Swier s t r a , E . E .  ( 1 9 6 8 ) .  Cytology and dur a t ion o f  t he c yc l e  o f  the 
semin i fe r o u s  e p i the l i um o f  t he boa r ; d u r a t ion o f  sper mata zoan 
t r an s i t  t hroug h the e p i d idymu s .  Ana t .  Rec . 1 6 1 , 17 1 - 1 8 6 . 

Swier str a , E . E .  ( 1 9 7 0 ) . The e ffec t o f  low ambient  temper a t u r e  on 
spe r m  prod uc t ion , ep id idymal spe rm re se rve s  and seme n cha r ac t 
e r i st ic s  o f  boar s .  Bio l . o f  Reprod . �'  2 3 - 2 8 . 

Swier str a , E . E .  and Rahne feld , G . W .  ( 1 9 7 2 ) . Effe c t s  o f  cold s t r e ss  
and r epea t  mat ing on r epr od uc t i ve per formance of  swine . Can . 
J .  An im . Se i .  5 2  , ( 2 ) 3 0 9 - 3 1 6  . 

�ur muhin , A . F . and �e r emnyh , V . D .  ( 1 9 7 0 ) . The e f fe c t  of  l ig ht on t he 
deve l opment o f  t he reproduc t ive organs  in g i l t s . Sel ' . -k ho z . 
Biol . , �' 1 0 4 - 1 0 7 . 

Teague , H . S . , Rol l e r ,  W . L .  and Gr i fo ,  A . P . ( 1 9 6 8 ) . I n f l uence o f  h i g h  
tempe r a t u r e  a n d  humid i ty o n  t he r eproduc t ive pe r formance o f  swine . 
J .  An im . Sc i .  �'  4 0 8- 4 11 . 



9 7 . 

Th i ba ul t , C . , Courot , M . , Mar t i ne t ,  L . , Mauleon , P . , du  Me sn i l  d u  
B u i sson , 
( 1 9 6 6 ) . 
by l ig h t  
( Suppl . )  

F . , O r t avant , R . , Pe l l e t i e r , J .  a nd S ignor e t , J . P .  
Regul a t ion of  br eed ing sea son and e strous  c yc l e s  
and e xte r na l  stimul i i n  some mamma l s .  J .  An im . Sc i .  
_e. ,  1 1 9 -1 4 2 .  

Thomson , A . P . D .  ( 1 9 5 1 ) .  Rel a t ion of r e c t i na l  st imu l a t ion o f  oe s t r u s  
i n  the fe r r t  . J .  Phys iol . 113 , 4 2 5 -4 3 3 . 

Thwa i te s ,  C . J .  ( 1 9 6 7 ) .  Embr yo mor tal i ty i n  the heat  str e s sed e we . 
Ph . D .  the s i s , Un iv . New Engl and , Ar midale , Au st . 

Thwa i te s ,  C . J .  ( 1 9 6 8 ) .  Ewbr yo mor tal i ty in  the hea t  stre s sed ewe . 
Proc . VI th Int . Congr . An i m .  Re prod . A . I . , Par i s  Pt . I pp . 3 3 5 -
3 3  7 .  

Thwa i te s ,  C . J .  ( 1 96 9 ) . Embr yo mor tal i ty i n  the hea t  s t r e s sed  e we . 
· 

I I  Appl icat ion o f  hot- room r e su l t s  to f i e ld cond i t ion s .  J .  
Repr od . Fer t .  � ,  2 5 5 - 2 6 2 . 

Tompk ins , E . C . , He idenr e ich , C . J .  and Stob , M ( 1 9 6 7 ) . E f fect  o f  
po st-br eed i ng t he rmal s t r e s s  o n  embr yon ic mor tal i t y  in 
swine . J .  An im . Sc i ,  2 6 , 3 7 7 -3 8 0 .  

Tu r e k ,  F . W . , E l l iot , J . A . , Alv i s ,  J . D .  and Me nake r , M .  ( 1 9 7 5 ) .  E f f ec t  
o f  prolonged expo su r e  t o  non stimul ator y photope r iod s o n  the 
ac t i v i ty  of  the neuroendoc r ine -te st icular  axi s  of  golde n hams te r s .  
B iol . Reprod . 1 3 , 4 7 5 -4 8 1 . 

Ur ban , W . E . , She lby , C . E . , Chapman , A . B . , Wha t l e y , J . A .  ( j r . )  and 
Garwood , V . A .  ( 1 9 6 6 ) . Gene tic  and env i ronmental  a spec t s  o f  
l i tter  s i ze  i n  swine . J .  An im . Sc i .  � ,  11 4 8 -1 1 5 3 . 

vanDemar k ,  N . L . and Fr ee , H . J .  ( 1 9 7 0 ) . Tempe r a tur e e f fec t s  I n  T he 
test i s ,  Vo l .  I I I  pp . 2 3 3 - 3 1 2 . Ed s .  A . D .  John son , W . R . Gome s 
and N . L .  vanDema r k .  New  Yor k and London : Academic Pr e s s . 

van Pu tten , G .  
that a r e  
s ign s of  
2 2 3 -2 3 1 .  

( 19 6 5 ) .  Pr e l iminar y inve st igat ion on the fac tor s 
s iad to i n f l ue nce  the d i st inc tne s s  of  the exte r na l  
heat i n  sows . Vec te e l t . Jen Zuive l be r ichten , 8 :  

Zool . Lab . , State Un iv . , Am ste r dam . 

van T i enhove n ,  A .  ( 1 9 6 8 ) . Env i r onment  and r e pr oduc t ion . In 
" Reproduct ive phys iolog y  of  ve r te br ate s " , pp .  3 8 8 -4 2 5 . Ed . 
W . B .  S aunde r s  Company , P h i lade lph i a . 

Wadd i l l , D . G . , Chane y , C . H .  and Dutt , R . H .  ( 1 9 6 8 ) . Ovul a t ion r ate 
in g i l t s afte r sho r t  t i me expo sure  to con t i nuou s  l ight . J .  
Reprod . Fer t .  1 5 , 1 2 3 -1 2 5 .  

Wa i te s ,  G . M . H .  and Setche l l , B . P .  ( 1 9 6 9 ) . Phys iology o f  the t e s t i s ,  
epid id ymu s and sc rotum .  I n  " Advanc e s  i n  Reproduc t ive 
Phy s i o log y " , Vol . IV pp . 2 -6 3 .  Ed . A .  McLa r e n , I n s t i tute o f  
An imal Gene t ic s ,  Ed i nbur g h :  Logo s Pr e ss ,  London 



9 8 . 

War n ic k , A . C . , Wallace , H . D . , Palmer , A . Z . , So sa , E . , Due r r e , D . J .  
and Caldwe l l , V . E .  ( 1 9 6 5 ) . Effect  o f  tempe r a t u r e  on e a r l y  
embr yo sur v iva l i n  g i l t s . J .  An im . Sc i .  �, 8 9 - 9 2 . 

Wild t ,  D . E . , Riegl e , G . D .  and Duk e low , W . R .  ( 1 97 5 ) . Phys i o log i c a l  
temper atur e r e spon se s and embr yon ic  mor t al i ty a n d  s t r e s s  i n  
swine . Amer ican  J .  Physiolog y .  2 2 9 , ( 6 ) , 1 4 7 1 -1 4 7 5 .  

We tte rman , R . P . , Omtve d t , I . T . , Wel l s ,  M . E . , Pope , C . E .  and Tur man , 
E . J .  ( 1 97 3 ) . E ff e c t  of  e l evated amb i e n t  temper at u r e  on boa r s .  
J .  An im . Sc i .  llr 3 2 2 -3 3 3 . 

We tterman , R . P . , Wel l s ,  H . E . , Omved t ,  I . T . , Pope , C . E .  and Tur man , 
E . J .  ( 1 9 7 6 ) .  I n f l ue nce of e levated amb ie n t  temp e r a t u r e  on 
r eproduc t ive per formance o f  boa r s .  J .  An im . Sc i .  Q, 6 6 4 -6 6 9 .  

Wr a thall , A . E . ( 1 9 7 1 ) . Ovul a t ion r a te a nd i t s  influence on pr e -n a t a l  
surv ival and l i t t e r  s i z e  i n  pig s . Commonwea l t h  Ag r icul tur a l  
Bu r eaux , Far nham Royal . ( Commonwe a l th Bur e a u  o f  Animal He a l t h  
Re v iew Se r ie s  No . 9 ) . 

Wr a thal l , A . E . ( 1 9 7 5 ) . " Reproduct ive d i sorde r s  in  p i g s " . Commonwe a l t h  
Agr icul tur al  Bur e aux . 

Wur tman , R . J .  ( 1 9 6 7 ) . E f fe c t s  o f  l ig h t  and v i sual  st imul i on 
e ndocr ine func t ion . In Neuroe ndoc r i nolog y ,  Vol . I I  pp . 1 9 -5 9 . 
Ed s .  L .  Mar t i n i  and W� . Ganong . New  Yor k  and London : Academic 
Pre ss . 

Yang , W . H . , Yang , W . P .  and L i n , L . L .  ( 1 9 6 9 ) .  
i n  the r a t  by adm i n i s t r a t ion o f  ACT H . 

I nte r r up t ion o f  pr egnancy 
Endocr . �, 1 2 8 2 -1 2 9 1 . 

Ya te s , F .  ( 1 9 3 4 ) .  The analys i s  of  mul t iple  c la s s i f icat ions  w i t h  
unequal numbe r s i n  d i ffer e n t  subc l a s se s .  Jou . An . Sta t . 
A s s . �, 5 1 -6 6 .  

Ye ate s ,  N . T . M .  ( 1 94 9 ) . The br e ed ing sea son o f  sheep wi th par t icular  
r e fer ence to i t s  mod i f i c a t ion by  a r t i f ic ial  mea n s  u s ing l ig ht . 
J .  agr ic . Sc i .  �, 1-4 3 .  

Yeate s ,  N . T . M .  ( 1 9 5 3 ) . The e ffect  o f  h i g h  a i r  tempe r at u r e  on  
r eproduc t ion in  the ewe . J .  agr ic . Sc i . ,  Camb . il ' 1 9 9 - 2 0 3 . 

Yea te s ,  N . T . M .  ( 1 9 5 8 ) . Foe tal dwar f i sm i n  sheep - an e f f e c t  o f  
h i g h  atmo sphe r ic tempe r a t ur e  dur i ng ge stat ion . J .  a g r ic . Sc i .  
Camb . 5 1 , 8 4 -8 9 . 

Yeate s ,  N . T . M .  and P a re r , J . T .  ( 1 9 6 2 ) . I n  " Reproduc t ion i n  Far m  
An imal s " , ed i ted b y  E . S . E .  Ha fe z , 2 97 , Lea and Fe b i ge r , 
Ph i la.de lph i a . 


	10001
	10002
	10003
	10004
	10005
	10006
	10007
	10008
	10009
	10010
	10011
	10012
	10013
	10014
	10015
	10016
	10017
	10018
	10019
	10020
	10021
	10022
	10023
	10024
	10025
	10026
	10027
	10028
	10029
	10030
	10031
	10032
	10033
	10034
	10035
	10036
	10037
	10038
	10039
	10040
	10041
	10042
	10043
	10044
	10045
	10046
	10047
	10048
	10049
	10050
	10051
	10052
	10053
	10054
	10055
	10056
	10057
	10058
	10059
	10060
	10061
	10062
	10063
	10064
	10065
	10066
	10067
	10068
	10069
	10070
	10071
	10072
	10073
	10074
	10075
	10076
	10077
	10078
	10079
	10080
	10081
	10082
	10083
	10084
	10085
	10086
	10087
	10088
	10089
	10090
	10091
	10092
	10093
	10094
	10095
	10096
	10097
	10098
	10099
	10100
	10101
	10102
	10103
	10104
	10105
	10106
	10107
	10108
	10109
	10110
	10111
	10112
	10113
	10114
	10115
	10116
	10117
	10118



