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ABSTRACT 

A study wa s unde rtaken to de term i ne the  exte n t  of  s e a son a l  

va ria t i on i n  far row i ng rate on com�e rc i a l p i g  breed i ng fa rms 

i n  New Zea l a nd and the  i n f l uence of s ome environmental factors 

on  reprodu ct i ve effi ciency. 

The da ta comprised mon th l y  farrow i ng  rates cover i ng a two year 

per i od a nd involv i ng f i ve b reed i ng u n i ts  l ocated in each of 

four c l i matic reg i on s ( ' hot a nd s t a ble'; 'hot a nd vari a b l e'; 

'warm'; a nd 'cool ·� The l atte r  w e re i de ntif i ed on the bas i s of 

me a n  month l y  ma x i mum temperatu re a nd mea n mont hly d i urnal 

tempera ture fluctuat i on p revail i n g  d u r i n g  t he s umme r  months. 

Examina t ion  o f  11,379 observations revea l ed a n  ove rall farrowing 

ra t e  of 77.1% wi th t h e  pre sence of some seasonal variation. 

On l y  w i t hin the 'hot a nd stable' reg i on d i d  mon th of mating 

s i g n i f i c a n t l y i nfluence the  fa rrowi ng rate . However, i n  al l 

regions some f a rms exh i b i ted a con sider a bl e  dec r e a s e  i n  f a rrowing 

ra te  from l a te s pr i ng a nd summer ma t i n g s  compared wi th oth e r  t i mes 

of  the yea r .  

Any pos s i b l e effect  of the  reg i ona l d i fferences  i n  c l i mate  o n  

farrowi ng r a te wa s overshadowed b y  ma rked wi th i n -reg i on vari a t i on 

i n  fa rrowi ng  rate a s soc i a te d  w i th  fa rms . 

�i 



I n  s upport o f  a fa rm i n fl uence on fa rrow i ng rate a s ubjec t i ve 

c l a ssi f i cat i on of hous i ng sta ndards fo r breed i ng s tock  genera l l y  

p l a ce d  those with the h i g hes t fa rrowi n g  ra te , i rre s pec t i ve of 

sea s o n  or l o ca tion , in the top category , and ' vice versa' . 

I n  t h e  tempera te c l i ma te of New Zea l and  present  f i nd i ngs  wou l d 

s u gge s t  that ' sumrner 'inferti l i ty ca n proba b l y  be a vo i ded i n  the 

hea l thy breed i n g herd where atte nti on is given to detail in 

respect of housing and h u s bandry standards , the reby a voiding 

the developmen t  of s tre s s fu l cond i t i on s  pa rtic u l arly during the 

cri t i ca l  warmer mont h s of the year. 

iii 



PREFAC E 

The p i g i ndus t ry has been co n s i dered to  be free from seasona l 

cons tra i n ts o n  produc t i v i ty ,  such a s  those  wh i ch a ffect othe r 

fa rm s pecies. Howeve r with t he ad ven t of i n tens i ve ,  more 

e ff i c i e n t  fa rm i ng sys tems the relationship between season and  

reproductive performance has recen t l y  rece i ved  an  i n crea sed 

amoun t  of s tudy . A de pres s i on in re product i ve effic i ency a t  

certa i n ti me s o f  the year, i n  a number o f  countries, i s  now 

wel l doc ume n ted , a l though the na ture o f  the problem ha s not 

been defi ned a nd as a co nsequence the i s sue i s  surro unde d by 

muc h  confusion and confli ct i n g  reports a s  to et i ology . 

I n  New Zea l a n d , a n  analysis of  records c o l l ec ted at  the P i g 

Re search  Cen tre , Ma s sey Un i ve rs i ty, over a seven  yea r  peri od , 

revea l ed l owered reproduc t i ve pe rformance over the summer mon ths 

(De cember to February i nc l u s i ve ) . tHerma nn , 1 980 . ) That seasona l  

porc i ne re product i ve i neff i c i en cy ,  reported i n  a n umber of  

countr i es , wa s a l so ev i den t  i n  New Zea l a nd s timu l ated  i n tere s t  

i n  pursu i ng  t h i s topi c i n  more deta i l .  The p resent  study i s  

i n  the form o f  a fa rm s u rvey . I t  h a s  two main obje c ti ve s ;  fi r s t l y  

t o  de termi ne t h e  exte n t  o f  sea sona l reproduc tive i neffi ciency 

on  commerc i a l pig breed i n g  units , i n  th i s  cou ntry , a nd second l y  

to exami ne the  i nfl uence o f  some environmenta l fa c tors on t he 

i nc i d ence o f  the cond i t i on .  
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REVIEW OF L I TERATUR E  

Th i s  rev i ew i s  concerned p r i mar ily w i th the i nfluence of sea sona l 

va r i a t i on i n  the outdoor env i ronment on  reprod u ct i ve performance 

i n  the p i g .  S i nce unders tand i n g  of the norma l s i tua ti on must 

p recede t h a t  o f  the abnorma l ,  the f i rst sect i on  relate s to the 

ba s i c  a s pects  of re produc t i on i n  the p i g and i s  intended so l ely to 

p rovi de a ba ckg round to the re sea rch underta ken . The second sect i on 

dea l s  with i nterre l at i on s h i p s between season o f  the yea r  and 

re p roducti ve  performance , and  the th i rd secti on e xami nes rel ationships 

be tween s pec i fi c  environmenta l fa ctors and rep ro d uct i ve pe rforma nce . 

1. Bas i c  Aspects of Reproduction in the Pi[ 

Fo r the surviva l of a s pe cies. an i mal s depend upon their ability 

to produce v i a ble young. As even sma l l  errors i n  the reproductive 

cycle may lead to ldrge changes in reproduc ti v i ty over a long 

pe r i od of t i me, know l edge of the fun ctioni n g  a n d  control of the 

reproduct i ve cycle repre sents an i mportant component i n  the 

d i a gnos i s  of reprod uct i ve fa i l ure . ( Co l e and C u pp s , 1 95 9 , 1 977 ; 

Hafez , 1 96 7 ) .  

1.1 Endoc r i no l ogi c a l  as pects: 

Ma i n tenance of  mamma l i a n gonadotroph i c  funct i on depends u pon 

t he i n tegri ty of  the hypotha l amo-pi t u i ta ry-gona d a l  a x i s .  

Brie fl y ,  p rocesses , s uc h  a s  the cycl i c  phenomena i n  fema l e 

reproducti o n  a re depen den t on the re l ease  of fo l l i cl e s t i mu l a t i ng 

hormone  ( FSH ) ,l u te i n i z i ng hormone ( LH )  and  pro l acti n from t he 
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a nter i or p i tu i ta ry. The fu nction of  the p i tu i tary i n  turn i s  

reg u l a ted by rel eas i ng  fa c t o rs secre ted by the hypotha l amu s i n  

response  to neura l  tr i g gers . 

It i s  known tha t the hypotha l am i c  funct i on is a ffe c ted by other 

a re a s  of  the bra i n  (i e . pa r t i cipat i on of extra-hypotha l ami c 

s t r u c tures  such as the  1 i mb i c sys tem , amyda l a ,  h i ppocampus and  

mi dbr a i n  (El l e n dorff 1 978 . ( fi g  1 , b ) .  These  and o ther extra-

hypotha l ami c areas a re con s i dered to a ct  as "horno s tat" contro l  

cen tres for i n tegrated hypotha l ami c funct i on . Extra-hypo tha l ami c  

s t ructures are the s u bject o f  exten s i ve rev i ews by Cl egg a nd 

Doyle ( 1 966 ) ,  Donovan ( 1 97 1 ) ,  and El l endorff( 1978) . 

On the bas i s  of  1!.!_ v i tr_g_ studies i t  appears that  one fa ctor  i s  

res pons i bl e fo r the rel e a se  of both LH a nd FSH, n ame l y  gonadotroph i n  

re l ea s i ng hormone  (GNRH ) ( S c ha l ly e t  a l , 1 97 2) ,  but th i s  s t i l l  

rema i n s to be s ub sta n t i a te d  i n  v i vo .  

Pre sent  knowl edge of  hypoth a l ami c control  of pro l a ct i n re l ease  

f rom the a n te r i or p i tu i ta ry i s  fra gme n ta ry .  Al though  men t i on has  

been made of  an  i nh i bitory control by a pro l act i n i n h i b i t i ng  

fac tor ( P I F ) ( N i co l l , 1 97 1) ,  t here i s  e v i dence to  suggest  the 

presence of  a dual  contro l  mec han i sm wh i ch a l so i nvo l ve s  a 

pro l a�ti n re l ea s i ng factor  ( PRF ) (Re i ch l i n  e t  a l , 1 9 76 ) ( fi g  1 , d . ) 

Severa l reg i o n s  of the hypoth a l amus a re i mp l i cated  i n  the contro l  

o f  reproduct i on ,  a major a rea i n  the rat a n d  the Rhesus  mon key i s  
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med i oba sa l  hypotha l amus ( M . B . H . ) ( Ha l a sz 1 9 6 7 , Knob i l ,  1974 ).  These  

a u thor s  found tha t  surg i ca l ly i so l ated , MBH  i s  capa b l e of  ma i n tain i n g 

norma l pitu i ta ry and gonada l structure and fu n ct i on  whereas its 

remova l  a bol i she s  norma l sexual function . Whether  the MBH i s  

the maj or rep roduc t i ve contro l  a rea i n  the p i g i s  not  known . 

Fo l l ow i ng i ts synthe s i s GNRH passes  by a xona l  tra n s port to the 

med i a n emi nence ( ME) of the hypotha l amus  wh i ch i s  s i t uated i mme d i a te l y  

dor s a l  to the pitu i tary glan d . There i t  i s  s tored a n d  rel eased  a s  

req u i red i nto the hypotha l amo-hypophysea l  porta l ves s e l s for 

t ra n s port to the a nter i or  p i tu i tary ( f i g l , c) . The exact mode 

of re l ease  of GNRH fo l l owi n g  s t i mu l at i on  of the ME i s  not known , but  

there i s  an inc rea s i ng volume of  ev i dence tha t ca techo l ami nes  

( Do pam i ne  i n  part i c u l a r )  are i nvo l ved  ( Schnei der a nd McCann , l 969 ; 

Coppola , 197 1 ) . GNRH, on rea c h i ng the gonadotroph cell s of the ante r i or  

p i t u i t a ry comb i n e s  wiU1 a s pec i f i c recep tor  s i te of  the cell membra ne . 

C ur re n t  theor i e s  on the mecha n i sms by which GNRH c a u s e s  go nadotrophi n 

re l ea s e  and  syn thesis have been rev i ewed by Mc Cann ( 1 971)  and Jutis z 

et  a 1 ( 1 97 2 )  . 

LH , FSH  a nd �ro l a c ti n once re l eased from ce l l s  of the ante r i or  

p i t u i tary , trave l  v i a  the genera l  c i rc u l a to ry system to  spec i fi c  

hormone  receptor s i tes i n  the gonads ( fi g  l , e ) .  

I n  the ma l e ,  L H  b i nds to spe c i fi c  receptors on  the c e l l  membrane 

of the Leydi g  ce l l s ,  s t i mu l a t i ng a n  energy produ c i n g  sys tem wh i c h  

a i ds i n  the synt hes i s  of androgens ( fi g  l , e ) .  Testosterone , the 

ma i n  a ndrogen , i s  respon s i b l e  fo r the devel opmen t of  secondary sexua l  
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characteris t i cs . It a l so  p l a ys a maj or ro l e  i n  the  ma i ntenance  o f  

acce s so ry sexua l  organs  a n d  a i ds i n  s permatogenes i s  ( Setche l l  , 1 977 ) 

( fi g  1 ,g) .  The fu nc t i on of FSH,  -in the ma l e ,  i s  not  c l ea r .  It 

is a s s ume d to i nf l uence Serto l i c e l l func t i on , the outcome being 

the s t i mu l at i on of semi n i ferous  t ubu l e  g rowth, and sperma togene s i s ,  

and s t i mu l at i on  of the Serto l i c e l l s  to produce and secre te And rogen 

Bi nd i n g  P rote i n ( A . B . P . ) [Sherwood and  McShan , 1 97 7 ) . As yet 

no defi n i te ro l e  h a s  been a s c r i bed  to pro l actin in the  male . I t  

i s  po s s i bl e  that  i t  a i ds i n  testos terone synthesi s o r  output  ( Bartke , 

1971 , Haf"Ez e t  al 1972) ( fi g  1 ,f ) .  

Gonadotrophin act i on i n  the fema l e  centres a round the  i n i t i a t i on and  

ma i n tenance of ovarian fu nct ion,  follicle development and ma tura t i on , 

ovul ation, lu te i n i z at i on and s te roi d synthe s i s by the corpus lu teum 

(CL ) ( She rwood and McShan, 1 97 7 ). 

The ro l e  of both FSH and LH i n  these  respe cts i s  fa r from c l ea r ,  b ut  

the nece s s i ty for  both a nd  the i r synerg i st i c  a ct i on h a s  been 

observed. ( Jones and Nal bandov, 1 97 2 ) .  I n  t h e  fema l e ,  FSH 

s t i mu l a te s  the g rowth of ova ri a n  fo l l i c l es wh i ch i n  turn produce 

oe stroge n. ( oestrad i o l ) ( Nu t i  e t� , 1974) ( fi g , 1,e ) .  Oe s trogen pa s se s  

i n to the  c i rcu l atory system a n d  produces  d i s t i nc t  changes  i n  t he  

repro d uc t i ve trac t  and  i n  behav i o u r  wh i ch a re  a s soc i a ted  wi t h  o n set  

of  oestrus  ( fi g  1 ,g ) .  

L H , i n  the  fema l e  i s  res pon s i b l e for ovu l a t i on and  s u bs eq uent  

g rowth of  the  corpus  l u teum, a s s oci a ted wi th wh i c h  i s  proge s te rone outpu t . 

( fi g  1 , e ) .  The l at ter  hormon e  produces typ i ca l  c hanges i n  the  
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reprod uct i ve tract a s s ociated wi th the prepara t i on of  the u teru s  for 

recept i o n  o f  embryo s (Corner and Al l en, 1929;  Hendr i ck s  and Mayer, 

1 9 7 7) ( fi g l , g ) .  

The i nfl uence o f  prolac ti n o n  go nadal funct i on remains  obs c u re .  There 

i s  s ome ev i dence that it may con s t i t ute par t  of the luteotrophic 

compl ex requi red for the mai ntenance of the corpu s l u teum i n  

ewes (Kann  and Denamur, 1974)and  marsupi al s (Tyndal e-Bi scoe and 

Hawk i n s, 1976) but whether the pig fal l s  i n to this catego ry is 

u nknown (f i g . 1 , f) . 

1 .2 .  Con trol  of  reproduct i ve hormone secretion: 

Inputs from ext ra-hypothalam i c  areas as well as h umoral feedback 

from the gonads and poss i b l y  the adrenal g l ands  are the determinan ts 

of hypo tha l ami c and pi tuitary secret i on (El l endorf, 1976; 1978) . 

The go nadal steroid s, namel y oes t rogen , proges terone and testosterone 

have been  reported to i nh ib i t or  stimu l ate gonadotrophi n product i o n. 

The concept of  lo ng feedback l oops wa s advanced by Mart i n i et  a l  

(1968 ) to  descri be the act i on where gonadal hormones i nd i rect l y 

i nf l uenced  the rel ease of p i t u i tary gonadotroph i ns throu gh thei r 

a c t i on o n  the secret i on of  gonadotroph i n  re l eas i ng a nd i nh i b i t i n g 

facto rs from the hypoth a l amu s ( fi g  l ,j ) . Howeve r ,  i t  al so  has  been 

5 

postu l a te d  tha t p i tu i tary ce l l s  a re a ffected d i rect l y by gonada l  hormones  

( Corb i n and  Cohe n , 1 966 ) (f i g l , i  . )  I n  rams , for example ,  Ga l l oway & Pel l et i er 

( 1 97 5 ) s howed t ha t testos terone had nega t i ve e ffect s  both on the 

p i tu i t a ry ,  i nh i b i t i ng output o f  LH , and  on the hypoth a l amus , l oweri ng  
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GNRH product i on a nd o utput . A p i tu i tary-hypotha l ami c feedback  

mecha n i sm has al so be en suggeste d . Thi s i nvo l ves  the  i n h i b i t i on 

of re l ea s i n g fac tor re l ease by the gonadotroph i ns  themse l ves 

( Sc h a l ly e t  a l ,  1 9 7 2 ) ( fi g 1, k ) . 

More recen t l y, i t  h a s  been pos tula ted that  re leasing fa ctors i nh i b i t 

the i r  own s ecret i o n  provi d i ng a n  u l tra - short feedback  l oop , ( Motta 

et al _, 197 3 )  and  thu s  a th i rd l eve l  of neuroendocr i ne cont rol  o f  

gonadotrophin outpu t ( f i g 1,1 ) . Thus  the s e  feedback l oops together 

wi th the var i o u s  hormone s  i nvol ve d, wh i c h  act  e i ther i n  u n i son  or  

i n  oppos i t i on to each o t he r ,  re s ult in ove ral l hormonal control of 

re prod uctive funct i on .  Th i s  is s umma r ised in fi g u re 1. 

1 .  3 Seconda ry hormones a nd reproduction: 

Opt i ma l  reproduc t i ve acti v i ty wil l  only occur in an i mals i n  which 

there i s  a proper ba l a nce i n  the secretory act i v ity of all en doc r i ne 

g l ands . Therefore , hormona l  sec re t i ons  wh i ch may d i re ct l y or 

i nd i rec t l y influe nce the secre t i o n  ra te of  gonadotrophi n s  or 

gonada l hormones, or whi ch  may so mod i fy the a n i ma l 's me tabo l i sm 

that  the  norma l fu nction i ng of these  hormones  i s  i mpa i red , cannot  

be  over l ooked . Of the l atter g ro u p ,  the rol e of thyrox i ne i n  

reprodu c t i on h a s  been the mo s t  exten s i ve l y  stud i ed . Re i neke a n d  

So l i ma n  ( 1 953 ) fou nd a bbera t i ons  of  t h e  oestrus  cyc l e appeared  i n  

both  hypo and hype rthyroi d a n i ma l s .  Thes e  effects  a ppea red a s  

l engthen i ng ,  i rreg u l a r i ty or comp l e te d i s appearance o f  t h e  cyc l e .  

Deta i l ed  i nformat i o n  on the effec ts of  thyro i d  hormones o n  reproduct i on  

are  rev i ewed by  Turner  ( 1 95 9 ) .  

6 

' 



Envi ronmental  stimuli 

a 

Extra-hypotha_.lanlic areas 

r--------+1--+�1 Hypotha l amus 
ul trashort J feedback 

loop ll GNRH 
"- .- . --

k 
short 

feedback 

.loop 

c 

lmterior Pi tu.i tan} 

'- -·-----

I 
I 
I 

:Hl prolactin LH 
e lt 

I 
I 
I 

' V 

Gonads � 

g]o�:��!
s
���::

J
es 

oestrogen 
pz;ogesterone 

' 

Prepara t i on of the 

reproductive tract for 
reproducti ve 

func ti oni ng 

j 
lcnq � 

feed !Jack 
loop 

(+ve or -vc) 

feccllJtk 
loop 

(+vu o1· --ve) 

Figure 1 :  Diagrammatic representation of hormonal con trol 
of reproduction . 

7 



Dete rm i na t i o n  of the rol e of adrena l ( cort i c a l ) hormones in 

rep roduction h a s  mainly resulted from indirect measurements.Some 

studies indicate that treatment of adrenalectomized a nima l s  with 

adre nal steroid s re s to re s  the capac i ty for oestrus cyclicity, 

conception a nd maintenance of pregnancy.(Cupps, 1955). Adrenal hormone 

tre a tment of normal animals may also ca use abortion . It shoul d be 

noted tha t  t he se  studies d i d  not i n c l ude  the pig . Fu rther aspects 

of  a dren a l  ho rmone effects on reproducti on fu nct i on are discussed 

in the rev i ew of Turner (1959). Hay s  a nd van Demark (1953) 

discussed the  action of oxytocin and ind i cated that the hormone 

p l ayed an importa n t rol e in tran s port of seme n within the femal e 

reproductive tract and aided in parturition. Recently Kertiles and 

Anderson (1979) further elucidated the e f fect on relaxin in the 

maintenance of pregnancy and preparation of the birth canal for 

foetal expulsion, in the pig, Consideration v;as given to homonal 

effects on t he duration of delivery, incidence of stillhirths and 

neonatal surv·ival. 

Overa l l ,  the hormones having the  greatest influence on  reproductive 

pe r forma nce are the g ona dotrophic ones of the  p i tuitary and the 

ste ro i ds of the  ovary a nd testi s ,  b u t  the i r o p t i ma l  func t i o n  c a n  

o n l y  o c c u r  i n  the an i mal wh i ch i s  n orma l i n  o ther  respec ts . 

2. Ova r i a n  a nd  Ute r i ne Changes a s s o c i a te d  w i th Hormona l Secretions  

Fo l l ow i n g  a tt a i nment  of p u berty , t he  sexua l  l i fe of  the  sow  i s  made 

up of a s e r i e s  of  rec urr i ng oestrus  cyc l e s , p rov i ded pregna ncy does  

not  i n terven e . Each cyc l e occu p i e s  from 21 to  22 days ( McKenz i e  

a n d  Mi l l e r ,  1930) a n d  fo ur  p h a s e s  may be d i s t i n g u i shed , name l y  

P rooe strum , o e s t r um ,  metoe s trum a n d  d i oe strum ( fi g 2). 
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Fig.2(a): Graph showing correlation of changes which occur during theoestrous cycle in the sow. 
(Compiled from the work of Corner, Seckinger and Keye.) 
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2.1 Oestrous cycle: 

2 . 1 . 1 .  Prooestrum :  

Dur ing  th i s  per i od  ma tura t i on of  the graaf i an follicles i s  c a u sed  

by an  i nc rease  i n  F SH  sec re t i on fo l l ow i n g  reg re s s i on of t he  corpus 

l uteum at  the 1 4 t h  to 1 6 t h  day of the cyc l e s ( fi g  2 ) .  Jus t pr i or 

to oes trus the p i tu i ta ry con tent of L H  dec l i nes  ra p i d l y  due to the 

re l ease  of LH i nto  the b l ood w i t h  a co rre s pond ing  r i se i n  the 

c i rc u l at i ng  l eve l . The rele ase  of LH  a c ce l e ra tes  towa rds the o n set 

of oestrus  ( Rayford et  a l , 1 971) . 

Fo l l i c u l a r  deve l o pment  i s  a s soc iated wi t h  i nc rea sed  secret i o n  of  

oe s t rogen (ma i n l y  oestradio l ) .  The p l a sma oe s t rogen leve l rema i ns 

l ow unti l 2 to 4 days pri o r  to oes trus when the re i s  a rapid increase 

to reach a we l l  defined pea k  the day be fore oestru s .  Th i s i s  

a s s oc iate d wi th  a dec l i ne i n  p l a sma prog e s terone l eve l  fol l ow i ng  

reg re s s i on of  the  corpus l ute um . ( Stabenfe l d t et a l , 1 969). 

Oe s t rad i o l  produces fo l l i c u l a r  a nd e ndome tr i a l  g rowth , swe l l i ng of 

the  v u l va ,  re l a x a t i on of the  cerv i x  a n d  a n  i nc rease  i n  v i s c i d  mucus . 

It a l s o  c a u se s  the  a n i ma l  to exh i b i t the  beha v i o u ra l  s i gn s  of heat  

( B u rge r ,  1 9 5 2 ; Ho l tz , 1 967 ; B�tter i dge a nd Rae s i de , l962 ; a n d  Hanse l  

Ec hterncamp , l 9 72 ) . 
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2 . 1 .  2 Oestrum: 

This pe riod ca n be def i ne d  as the ona of a cceptance of the ma l e an d  

i n  t h e  sow is o f 40-65  hours d ura t i on (Mc Ke n z i e a n d  M i l l er ,  1 930 ) . Peak 

of ferti l i ty occurs  wi th i n  the m i dd l e  24  hour per i od (Reed , 1 969 ) .  

At th i s  sta ge , the ova unde rgo ma tura ti on  changes  and  oe strad i o l f rom 

the now l a rge a n d  mature graaf i an fo l l i c l e  produces  further changes 

i n  the geni tal t ract i n  read i ness  for acceptance of sperm and 

c a paci tati on. The ov i d ucts a re tonic, e p i thel i um ma ture and  c i li a  

active, contraction of ov i d ucts occur a n d  i nc rea sed amounts of 

ovi d uct flu i d are s ecreted . The uterus is erect  and distended, b l ood 

supply to the uterus i s  i nc reased , mucu s  i s  secreted and the cervix 

is relaxed and s l i g htly swollen. The pattern of oe s trogen secretion 

i n  the sow, suggests that thi s  hormone faci litates the re l ea se of 

LH  from the ante1�i or pituitary. Th i s  i n  turn ca uses  growth of corpus 

luteum a nd ovulation with the ova pas sing  into the fallopian tubes, 

where they a re i n  a pos i t i on for fe rti l i s a ti on . Peak plasma LH 

l ev e l  occurs some 4 hours  a fter the onset  of oes trus  and  l a s ts for 

approx i mate l y  8 h ours , before decl i n i ng to  the or i g i nal leve l . 

( Ni swende r ,  et  a l  , 1 970 ) .  

2.1.3 Metoestrum : 

Th i s  i s  a n  i l l defi ned peri o d , duri n g  wh i c h  the corpus  l ute um g rows 

rap i d l y  from g ra n u l osa  ce l l s  of  ruptu re d  fol l i cl e s  under the 

i nf l uence of LH ( fi g  2 ) .  The conti nued  s ecret i on  of LH i s  

necessary for t he  ma i n tenance of corpora l utea a nd  the secret i o n  

of progesterone. P l a sma p roge s terone l ev e l , whi c h  r i ses i n  the s ow 
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wi th i n two days a fte r oestru s , s uppre s ses  L H  and  FSH p roduct i on . 

The l eve l of proges terone is cons i dera b l y  h i gher i n  the sow 

compared wi th the ewe or  cow ( Stabenfe l dt et  a l  1969,b,c), a s  

mi ght b e  expected i n  v i ew o f  the greater amount  o f  l utea l t i s s ue 

present  i n  the forme r .  The p resence of  th i s  hormone i n  c omparat i ve l y  

l arge amounts  i nh i b i ts the secret i on  of  F S H  a nd L H  by the a n ter i o r  

p i t u i tary a nd p revents  ovu l a t i on a nd  the i mmed i a te deve l opment  o f  

a nother oestrum . I n  the ewe a nd  cow a ppare n t l y  the re i s  s u ffi cien t  

F S H  rel ea sed t o  form foll i c l e s during the l u tea l  phase  of oes tru s  

and a l so ear ly  ges ta t i o n .  M i d cycl e peak s of  oe strogen a re not 

evi dent in the sow but are present  i n  both the cow and the ewe. P�rl ow 

et� ( 1964 ) ,  noted very l itt l e folli c u l ar grovJth in the so1v dur i n g  

the per iod of  ma x i mum progesterone excret i on . Dur i ng metoestrum 

the ep i the l i um of  t he vagina l oses most of i ts new growth. The 

muc u s  secretion dec reases and the g l a nd s  o f  the endome tri um grow 

ra p i d l y . Towards the middle and end o f  me toestrum the uterus becomes 

soft a nd p l i a b l e due to re l a xat i on  of the u ter i ne musc l e . In the 

sow the length o f  metoes trum i s  appro x i ma te l y  equa l to the time 

i t  takes fo r ova to reach the uterus , i . e .  3 to 4 days ( Corner a nd  

Al 1en, 192 9). 

2.1.4 D i oes trum :  

Th i s  i s  the l on ge s t  pha se  o f  the cyc l e  ( fi g  2). The corpu s l u teum 

i s  ma ture and  the e ffect o f  progeste rone o n  the reproduc t i ve  tract  

i s  marked , a s  h i gh l evel s o f  proges terone cont i n ue from day  2 

unt i l day 14 to 1 6  of  the cyc l e ,  whi l e  p l a sma l eve l s of LH a nd  
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a nd oes trogen rema i n l ow throu ghout Dur i n g  th i s  period the 

endometri um becomes th i cker and the gl and s hypertrophy . The 

cervix i s  constri cted and  the vagi nal mucus  is scant and st i cky, 

the mucus membrane of  the vag i na i s  pa l e and  u ter i ne muscl e  re l axed . 

Late i n  this period, i f  fertilisati on does not occur, the corpus  

l uteum regresses a n d  there i s  a corresponding decline in progesterone 

l eve l  on day 14 to 16 of the cycle; FSH i s  again produced and 

new fo l l i c l es begin to g row fo l l owed by o n s e t  of prooestrum . A 

s l i g h t  i ncrease i n  LH occu rs on day 14-15 wi th the dec l i ne in  

proges terone . It  appears that  the LH rel ea s i ng mechani sm i s  

stimu l ated by the act i on of oes t rogen , prog e s terone a nd other  

external factors  a ffecti ng the hypothal am u s  (Hansel  et a l ,  197 3 ) . 

2 . 2  Ovu l ation, fer t i l isat i on and  conception: 

Mos t s ows shed suff i ci ent ova for a pote n t i a l  l i tter of 12 to 20 

pig l ets (Marsha l l and Hammond, 1945 ) .  Factors i nf l uenci ng the 

actual number of  ova shed i nc l ude breed ( Warn i c k  e t  a l , 1951); 

breed i ng method ( Newman, 196 3 ) ,age, (Squ i ers  et al , 1952 ); and 

nutr i tional history (Anderson and  Me l ampy , 1972 ) .  Once s hed the 

ova a re ra p i d l y  t ran s ported through t he o v i duct  to the u te ro - t ub u l a r  

j unct i on . Oxenre i der  and Day (1965) have e s t i ma ted a t i me peri od  

of b e tween 66  a nd 90  hours . 

Fo l l owi ng entry t o  the  fa l l op i an  t u be s  o f  the reproduct i ve tract , 

the n umber o f  ova  ferti l i sed  i s  dependen t  u pon  the concen t ra t i on 
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of  the s pe rm reac h i n g  th�m .  Th i s  i n  turn  i s  dete rmi ned by the 

number  of v i ab l e spermatozoa or i g i na l l y  dep o s i ted by the boa r a nd 

the t i mi n g  of the i ns emi nat i on with i n  the s ow's heat  per i od . 

Ma ti ng between the boa r  and the sow is  a pro l onged p roces s  d u r i ng  

wh i c h  the  boa r ' s  e j a c u l a te i s  depos i ted into the u terus  (G l over  

a nd Man n ,  1 954 ; G l o ver, 1955 ) .  An  e j a cu l a te ( 1 50 to 500  ml s )  

conta i n s ,  on a verage, a bout  1 00 m i l l i on sperma tozoa per m ill i l i tre 

(Wh i te and  Ma c l eod , 1963) . 

I n  the p i g ,  the seme n reache s the utero - t u ba l  j unct i on w i th i n  mi n u te s , 

th i s  ra p i d  tra n s i t be i ng a tt r i butable to u teri ne and oviductal 

contractions a nd to spe rm mob i l i ty to a sma l l extent . ( Bustad and 

Book , 1 975 ) .  I t  i s  known that oxytoc i n  f rom the poster i o r  

p i tui tary i s  re s po n s i ble f o r  the i niti a t i on  and  cont rol  o f  the ute r i ne 

contra c t i ons ( Hu n ter , 1 9 7 2; 1 9 74 ; Hunter  a nd Ha l l ,  1 9 74) . 

A number of exami n a t i ons have bee n cond u c te d , u s ua l l y  one to two 

days  po s tmat i n g, to e sti mate fert i l i s at i o n  rate . Robertson  et  a l  

( 1 95 1 )  wo rk i ng wi th g i l ts ,  found tha t 93% of  ova had  been  fert i l i se d . 

Th i s  h i gh rate of  fe rt i l i s a t i on has  been confi rmed by othe r workers . 

( Sq u i ers  et  a l . 1 9 5 2 ; Sel f e t  a l , 1 955 ; Ha i nes  e t  a l , 1959} 

A h i gh fe rti l i sa t i o n  rate i s  neverth e l e s s  dependen t  on the boa r ,  wi th  

fa ctors  s uch as  age , breed , n u tri t i ona l  h i s to ry ,  the number of  serv i ce s  

per wee k and s t a g e  of h e a t  a t  wh i ch ma t i n g  takes p l ace ( Ra h n fe l d  a nd  

Swi erstra , 1970 ) , be i ng of  s i gn i fi ca nce . Genera l l y ,  i t  i s  a g reed  
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tha t the actua l  t i me o f  serv i ce w i th i n  the  oes trus peri od h a s  a 

profound  effec t o n  fert i l i sa t i on  ra te . The i n f l uence o f  t i me of 

ma t i ng  h a s  been stud i ed by s l a ug hter  a nd observa t i on me thods , a nd 

a l so  by u s e  of defi n i te i nterva l s of  doub l e ma t i n g  wi th  'co l our  

mark i ng '  s i res . ( Mc Ke n z i e  1932, Har i ng 1937) . These  tec hn i ques 

have s hown that  mos t  eggs a re s hed a t  about 36 hours from onset of 

hea t  and  that a l l h a ve been shed  by 48 hours  (McKenz i e ,  1926) . 

Confi rma t i o n  of th i s  v i ew i s  provi ded by Pomer oy (1955) and  Burger 

(1952) . The l a tter mated groups  of  sows a t  12 hour l y  i nterva l s from 

ons e t  of he at  a n d  fou n d  no d i ffe re nce i n  conce p t i on  a ttri b uta b l e 

to t i me of  se rvice i n  L arge  Wh i te s ows from 0 to 24 hours  and  i n  

L arge  B l a c k  sows from 0 to 36 hours  a fter t he onset  of hea t . I f  

serv i ce wa s del aye d u n t i l l a te i n  the hea t pe r i od ,  the deg ree of 

ferti l i s a t i on was  reduced and  where i t  d i d o ccur , s ubseq uent  

embryon i c  morta l i ty wa s h i g h .  This may be e x p l a i ned by the fi nd i n g s  

o f  Hancock  and H ove l l (1962), that  a del ay i n  ma t i ng u nt i l 30th 

to 48th hour after the  onset of heat i nc reased  the frequency o f  

po l ys pe rmi c fe rti l i s a t i on, wh i c h i n  turn a dverse l y  affected embryo 

s u rv i va l . Th i s  wou l d  suggest  tha t to ens u re maxi mum fe rt i l i s at i o n , 

ma t i ng  s hou l d occur  before ovu l a t i on . Al though  ova a re u s ua l l y  

s hed  about  36 hours a fter the on set  o f  oestru s , t he re i s  some 

var i a t i o n ,  a s  t he g rowth rate o f  fo l l i c l e s  wh i c h conta i n the  ova 

i s  neve r the same . ( La i ng ,  1957 ) .  

Conseq ue n t l y , the a c tua l  per i od o f  ov u l a t i on  may occupy severa l 

hours . Marsha l l a n d  Hammond  (1945 ) ma i nt a i n  tha t ovu l a t i on may 

occ u r  f rom 24 to 70 h ours after o n set of hea t .  
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A s  the re s u l ts of  Kra l l i n ger a nd Schott  ( 1 933 ) among others , have 

i nd i c a ted t h a t  the l i fe o f  s perma tozoa i s  i n  the reg i on of 48 

to 54 hours  i t  wou l d  a ppear  that serv i ce a nyti me from the onset  

o f  oestrus  to  the  t i me o f  ovu l at i on  wou l d res u l t i n  the  same degree 

of ferti l i s a t i on . To e n s u re a s uff i c i en t  amo u n t  of v i ab l e s perm 

o ver  s u c h  a l engthy ovu l a ti on peri od i t  i s  genera l l y  a greed that  

mat i ng on the  f i rst  a n d  a ga i n on  the  second  day of  oes tru s w i l l  e n s ure 

maxi mum ferti l i sa t i on . Severa l workers have reported i ncrea sed 

concept i on  rate from dou b l e mati ng  ( Squ i ers  et al  1 95 2 ; Reddy et  al  

1958 ) . Overal l ,  i t  wou l d  appear that  prov i ded  the boar and  

s ow are  ferti l e  a nd serv i ce does not  occur  too  l a te i n  the  hea t 

per i od ,  a ny d i screpa n cy that  mi ght  occ u r  betwee n  the numbe r of ova 

produced and  those that s urv i ve p regnancy , cannot  to a ny deg ree be 

attri bute d  to l a c k  of  ferti l i sa t i on . 

2 . 3  

2 . 3 . 1  

Preg na ncy : 

General  as pe c t s  

After ferti l i s a t i on o v a  progre s s  down the fa l l o p i an  tubes  rea c h i ng  

the uteru s some 24-48  hours  l a te r  ( Burger , 1 9 5 2 ) .  The  zygo tes  

rema i n  i n  the a nteri o r  quarter o f  t he u ter i ne  horn  for  2 -4 days 

whe n m i g ra t i on a nd s p a c i ng commences  ( Bu rge r , l 95 2 ) When b l a s tocyst  

s pac i ng wi t h i n uter i ne horns  i s  compl e te , by  day 12  of pregnancy , 

uter i ne contra c t i ons  decrease under the i nf l u e nce of proges terone , 

secre ted by the l u te i n ce l l s  of t he corpus  l uteum . Proges terone 

a l ters the h i s to l og i ca l  s truc ture of the uter i ne mucosa so  tha t 

i mp l a n ta t i on of  b l a s to cysts  i s  fac i l i ta ted . The a ttachmen t  of the 
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b l a s t ocys t  to the endometr i um occurs between day 12  a nd 20 and the 

embryon i c membrane extend s t o  ful l l en gth  by day 1 3 . Thi s process  

def i nes  the p l acenta l  area for  ge s ta t i on and  i s  thus  re spons i b l e  i n  

p art  for the s i ze of foet u s  a t  term ( Perry and  Row l a nd s 1 962 ) . 

The dura t i on  of  gesta t i o n  i s  typ i c a l l y  1 12 to  1 16 days . The 

corpus  l u teum ( C L )  rema i n s  f u l l y  deve l oped thro u g ho u t  pregna ncy 

a n d  secre tes  progesterone t o  i n h i b i t the  occ urrenc e  of ovu l a t i on  

a nd to  s t i mu l a te p l acen ta l  deve l opment  i n  conj unc t i on wi th the 

oe s trogen and re l ax i n .  The succes s fu l  c omp l et i o n  of pregnancy i s  

dependent upon  func t i ona l c o rpora l u tea as  ovarec tomy a s  l a te a s  

the  1 1 0th day of  ge s ta t i o n  re su l ts i n  a borti on ( Be l t et  a l  1 9 7 l ) . I f 

many embryos a re defec t i ve a nd d i e  befo re o r  d u r i ng  i mpl anta t i on  

s u c h  that  the number of v i a b l e  embryo i s  reduced to  4 or l e s s , t he 

sow may re turn  to serv i ce  ( Po l ge e t  a l , 1966 ) .  Emb ryon i c  morta l i ty 

i s  most l i ke l y  to occur  be twee n 14 a nd 35  days a fter  concept i on , 

c omp l ete re sorpt i on of  embryo can  o c c ur  up to day 4 0 , but re sorp t i o n  

a fte r foe ta l  o s teogenes i s  h a s  commenced produces mummi f i ca t i on . From 

d ay 35 , d i ffe rent i a t i on  a n d  g rowth proceed ra p i d l y  and i mmune sys tems 

dev e l op a fter day 55 , so t h a t  by 7 5 th d ay the foe tus  i s  i mmuno l og i c a l l y  

c ompetent to produce a n t i b od i es t o  comp l ex a n t i g e n s . P l a centa l  

g rowth a l so  ceases  a t  th i s  t i me . 

2 . 3 . 2 .  Endoc r i nol ogi ca l a spects . 

E s tab l i s hmen t  of  pregna n cy ma rke d l y  a l ters p i t u i t a ry-ovar i a n  re l at i on ­

s h i p s  ( f i g  3 ) .  Sexua l  cyc l es a re s uppressed a n d  c o rpora l utea a re 

ma i n ta i ned for a pe r i od  l onger  than  the  l u tea l  p h a se of the cyc l e .  
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I n the  p i g ,  no  s i g n i f i cant  c h a nges i n  p i tu i tary LH a n d  FSH s to res  

were observed at  f i ve d i fferent  s ta ge s  of  pregna ncy by Mel ampy 

e t  a l  ( 1 966 ) . HOio.Jever a c ompa r i son  wi th  v a l ues found i n  t he oes trus  

cyc l e was  not made i n  th i s  s tu dy .  

Compa r i ng va l ue s  obta i ned by Mel ampy e t  a l  ( 1 966 ) w i t h  those  o f  Par l ow 

et a l  ( 1 964 ) noted dur i ng oes t rus  cyc l e s , i t  appea r s  that the p i tu i ta ry 
' 

g l a n d  o f  the s ow g enera l l y  c o n ta i ns more FSH and  L H  dur i ng  p regnancy 

c ompa red wi th , e i ther the metoestrous  o r  the d i oestrous  phas es , 

proba b l y  beca u s e  of decreased  secre t i o n . P l asma LH  l eve l s ,  a s  

determ i ned by  ra di o -i mmunoa s s ay ,  dur i ng  the fi r s t  28  days  of  

preg na ncy were genera l ly  l ower tha n on c orres pond i n g  days of  the 

oes trus  cyc l e  ( T i l l son et  a l , 1970 ) . At d ays 18 and 20 when cyc l i n g 

a n i ma l s s howed a prooestrus  r i se i n  L H , the pregna n t  an i ma l  fa i l e d 

to  s how s uch  an  i nc rease . T h i s fa i l u re wa s a s soc i a te d  wi th  the 

ma i ntenance of  a h i gh p l a sma p rogesterone l eve l , wh i c h  had dec l i ned 

i n  cyc l i c  a n i ma l s ( T i l l son  e t  a l  1 9 70 ) . Th i s  proges terone i s  

s o l e l y  ovar i a n  i n  or i g i n  a n d  n one i s  p roduced by the  p l acenta . 

As p regna ncy adva nces the ur i n ary l eve l of  oe s trone i ncrea ses  u p  

to  the  3 0 t h  day t h e n  dec l i ne s  t o  a l ow l eve l  u nt i l the  60th- 70th  

day . Therea fte r oes trone l ev e l  i nc reases  ma rked l y  to  reach  peak by 

the  l a s t  day of  pregna ncy a nd then decl i ne s  ( l unaas  1 962 , 6 3 ) . F rom 

the fa i l ure of  o bserva t i on s  to detect  a ny s i g n i fi c a n t  changes  i n  the 

ovar i e s  a t  th i s  t i me ( Me l ampy et a l , 1966 ) i t  i s  a s s umed that  th i s  

oes trogen i s  foeto-p l acenta l i n  or i g i n ,  a s  product i on  of oestrogen 
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co i n c i des  wi th p l acenta l  deve l o pmen t . The s i gn i fi cance  of the h i g h  

oes t ro g e n  l eve l h a s  not been d e term i ned  a l t houg h  i t  s eems l i ke l y  

tha t t here i s  s ome effect  on  p roduc t i o n  a nd re l ease  o f  gonado -

troph i c  hormones . I n  the p i g the  conceptus  seems to ma i n ta i n  

l utea l func t i on d ur i ng c r i t i c a l  phases  o f  ear l y preg na ncy by 

o vercom i ng  the l u teo l yt i c a c t i o n  of the u te ru s . The n a ture o f  the  

l u teotro ph i c  and/or  ant i l uteo l y t i c compl ex i s  be l i eved  to cha nge 

d ur i n g  ge s ta t i on . I n  ear l y pregnancy the  c orpus l u teum i s  

re l a t i ve l y  i ndependent of  p i t u i tary control  and  s u rv i va l  depends 

on  a b i l i ty of  the conceptus  to neutra l i s e a uter i ne l yt i c fa c tor , 

proba b l y PGFza ( Horton a nd Boyser ,  1 9 76 ) . Later i n  p regna ncy , up  

to day 40 , L H  i s  the predomi na n t  l u teotrop h i c  fa ctor  a nd th ereafter 

p ro l a c t i n be come s i ncrea s i n g l y  important  ( Kann  a nd Denamur , l 974 ) . 

Oes troge n ,  of p l acental  or i g i n ,  may a l s o  p l ay a ro l e  i n  the ma i n tenance 

of t he corpus l u teum , po s s i b l y  act i n g  i nd i rec t l y to s t i mu l a te 

p i tu i ta ry pro l a c t i n secre t i on . 

Re l a x i n act i v i ty i n  l u tea l  t i s s ue accumu l a tes to rea c h  a peak i n  

l a te p regna ncy ( 105  to 1 10 days ) .  Howeve r , somewhe re between 44 

a nd 26 hours pr i or  to pa rtu r i t i on ,  rel a x i n l eve l  dec l i nes  by ha l f  

wi t h  a mi n i mum l eve l  be i ng rea c hed one day before de l i very .  The 

s i g n i fi cance of  rel ax i n i n  res pect o f  i n i t i a t i on  of  parturi t i on i n  

21 

t he sow has been d i scus sed  i n  some deta i l  by Kert i l e s and Anderson ( 197 9 ) . 

2 . 4  Parturi t i o n  

2 . 4 . 1  Gene ra l aspects  

At  pa r tur i t i on  t he foetu ses  a re rel eased  to pa s s  a l o ng  the uter i ne 

horns ( Perry , 1 954 ) . The n umbers o f  you n g  born may range up  to 



1 5  Al tma n and  D i t tmer , 1 9 62 ) . Th i s, howeve r , i s  s ub ject  to a 

number  o f  genet i c a n d  env i ronme n ta l  var i ab l es ; i nc l uded i n  whi ch  

are  breed , a ge ,  n utr i t i ona l  h i s tory , c l i ma te and season  ( Asde l l , 1 964 ) .  

A compre he n s i ve rev i ew of  the sequenEe of events  whi c h  occur  a t  

pa rtur i t i on i s  g i ven by C l egg  ( 1 9 59 ) . 

2 . 4 . 2  Endocr i no l ogi ca l  aspects  

Ne a r  to  p a rtur i t i o n ,  F SH  and  L H  secret i on a re a t  a l ow l eve l , 

pos s i b l y  due to the i r s uppre s s i o n by t he h i g h  l eve l o f  oes trogen 

presen t .  At partur i t i on , the p l a sma l e ve l s of  proges terone and 

oes trog e n  dec l i ne prec i p i tou s l y  due to the reg re s s i on of the corpus 

l u teum and ces s a t i on  of p l a c e n t a l  funct i on . ( Rae s i de ,  1 96 3  , M� oku  

a nd Wa g ne r ,  1 9 7 3 ) .  P l asma cort i co i d l eve l s i nc rease  ma rkedl y from 

3 days p repa rtum a nd pea k  on the  day of parturi t i o n . There i s  

then a re turn to prepartur i t i o n  l eve l s two days postpa rtum . I t  

i s  probab l y  t hat  oxytoc i n  i s  re s pon s i b l e  for the uter i ne contract i on s  

a t  partu r i ti on a n d  tha t t h e  cerv i x opens  under t h e  i n fl eunce of  

re l a x i n .  The mechan i sms by wh i c h oxytoc i n  and  re l a x i n a re re l ea sed 

have  n o t  been def i n i te l y  e s t a b l i s hed . A deta i l ed de scr i pt i on  on  the 

hormona l mecha n i sms at partur i t i on are d i s c u s sed by Catchpo l e  ( 1 9 7 7 ) 

Overa l l ,  partur i t i on i s  a res u l t  of ma ny sync hron i s ed events . However ,  

the c a u s e  and effe c t  rel a t i on s h i ps between the  ma ny hormones 

i nvo l ved  has not as yet been c l e a r l y  e stab l i s hed . 

2 . 5  The wea n i ng  to  oestrus  i n terva l . 

I n  the  s ow a pos t partum oes t r u s  u s ua l l y  occurs  1 to 3 d ay s  a fter  

par tu r i t i on ,  t h i s  be i ng fo l l owed by an  a l mo s t  comp l ete  s uppres s i on 

of ova r i an  act i v i ty for the d u ra t i on  of  l ac t a t i on . Many i n s tances  
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have  been  recorded of a var i ab l e proport i on o f  sows showi ng  oe s trus  

2 t o  3 days  a fter  fa rrow i ng ( Se l f a nd G rummer , 1 95 8 ; Warn i c k  e t  a l  

1 9 5 1 ) . I t  i s  genera l l y  proposed tha t t h i s beh a v i oura l  oe s tru s i s  

c a u sed  by oe s t rogen , a l though  both  p roge s te rone  a nd oestrogen l e ve l s 

have  decl i ned  pos tpartum . The frequent  occu rrence of pos tpa rtum 

oe s trus i s  thought  to be d ue to a h i g h  res i du a l  l evel  of oes trogen  

o f  foeta l p l acenta l  o r i g i n .  Ma t i n g s  at  th i s postpa rtum oestrus  

a re i n fert i l e  a s  the fo l l i c l es a re i mma ture and  ovu l a t i on does  

not  occ u r . ( Wa rn i c k e t  a l , 1 95 1 ; Burge r ,  1 952 ) . 

As the l ac t a t i o na l  peri o d  i s  not d i re c t l y  rel e va n t  to thi s s tudy , 

the  phys i o l o g i c a l  and  endocr i no l og i ca l  a s pects a re not d i s c u s s ed . 

However i nd i re c t  effec t s  a re of s i g n i f i cance  i n  that  as  the  d ura t i on 

of  l acta t i on i s  extended the s u bsequent  i nterva l from t i me of 

wea n i ng to  o n s e t  of oes trus  be comes s hortened and  l es s  var i a b l e .  U ter i ne  

regenera t i on takes  pl a ce  very rap i d l y  wi th the mo s t  i mportant  changes  

h a v i ng occ u rre d by day 7 postpartum . I t  h a s  been  proposed that  the 

uterus i s  capa b l e of  f unc t i on i n g n orma l l y  by the  1 4th day pos tpa rtum , 

a l though  comp l e te uteri ne  i nvo l ut i o n  does  not  occur  un t i l t he 2 1s t  

t o  28th d ay p o s tpa rtum ( Pa l mer  e t  a l , 1965b ) .  Wea ni ng pr i or  to three 

weeks  pos tpa rtum i s  therefore l i ke l y  to  res u l t i n  i nc rea s e d  e a r l y  

embryon i c  mor ta l i ty ( Va r l ey and Co l e ,  1976 ) .  A h i g h i nc i dence  of 

pers i s te n t  anoes trus a nd  cyst i c ova r i a n  fol l i ce s  has a l s o  been 

o b served to occur ( Peters  et  a l , 1 969 ) .  

The dura t i on o f  l actat i ona l  d i oe strus  can  be regu l a ted by the  l eve l  

of  s uck l i ng a s  a reduc t i on i n  the  n umber of p i g l ets  per  l i t ter  

o r  i n  the  frequency of  s uck l i ng adva n ces t he  return to oe s trus  ( Smi th 

1 96 1 )  . . S uc k l i ng act i n g  through the hypotha l amu s , promotes l ac tat i on  
' 
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a nd red uces  the l e ve l of c i rc u l a t i n g  gonadotro ph i c  hormones  a nd 

thus  s u ppre s ses  ovar i an act i v i ty ( Peters et  a l , 1 96 9 ; Ro thch i l d , 1 967 ) ,  

c a u s i ng t he i nh i b i t i on of fol l i cu l a r growth  dur i ng l ac ta t i on  ( Cr i ghton  

a nd Lammi ng 196 9 ) . 

There i s  s ome ev i den c e  to s ug ge s t  a gradua l  decrease i n  the  effi c i ency 

of the s u c k l i ng s t i mu l u s a s  an  i nh i b i tor of p i t u i tary act i v i ty .  

Thu s , d u ri n g  the f i r s t  week  of l a c ta t i on there i s  a decrea s e  i n  the 

numbe r and s i ze of fol l i c l es pre sent  but  a s  l a c ta t i on proceeds , 

a g ra d u a l  i ncrease i n  fol l i c u l a r  s i ze i s  observed . ( Pa l me r  e t  a l  , 1 965a ) .  

More s pec i f i ca l l y  i t  has  been s u g ge s ted t h at  t he s u c k l i ng s t i mu l u s  

i nh i b i t s the  synthe s i s of LH a nd the  re l ea s e  of  FSH from t he p i tu i tary 

( Me l ampy e t  a l  1 966 ) . 

2 . 6 Re pro d uct i on i n  the ma l e  

2 . 6 . 1  Gene ral  a s pects  

Growth a nd ma tu ra t i on  of the  tes t i s ,  c u l m i na t i n g i n  the  onset  of  

s perma togene s i s  and s eme n output  a re some of the mos t  profound 

phys i o l og i c a l  changes wh i ch occur d ur i ng the pos tna ta l  de ve l opn� n t  

o f  t h e  boa r . Spermatozoa prod uct i on i s  a cyc l i ca l  event , 

s u bd i v i ded  i nto e i� h t  s tages on  the  bas i s  of s emi n i ferous  tubu l e  

ce l l u l ar co ntent . Th i s  ha s been d i scus sed i n  deta i l  by Ortava nt  e t  a l . ,  

( 1 977 ) . The  dura t i o n  of th i s  sperma toge n i c cyc l e  i s  defi ned  i n  

terms o f  t he semi n i ferous e p i the l i um cyc l e  wh i c h i s  formed by the 

seri e s  of  c hange s  occurri ng  i n  a g i ven  a rea o f  the semi n i ferous  

ep i the l i um between two succe ss i ve a ppeara nces  of  the same ce l l u l ar 
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a s s oc i a t i o n  ( Ortavant e t  a l (1 97�The mean  dura t i on of  th i s  semi n i fe rous  

ep i the l i um cyc l e  wa s c a l c u l a te d  to be  8 . 5  ± 0 . 1  days . ( Sw i ers tra , 

1968 ) ,  wh i ch i s  a s hort per i od compared w i t h  1 3 . 5  days i n  b u l l s  

( Hochere a �  e t  a l  , 1 964 ) and 10 . 3  days i n  rams ( Ortava n t , 1 956 ) . 

Howeve r ,  before one sperma togen i c cyc l e  h a s  compl e ted  i ts evo l ut i on , 

se vera l n ew one s  s ta r t  i n  the s ame part of the  sem i n i ferou s  tubu l es . 

The dura t i on  of the s u bseq uent  ep i d i dyma l t ra n s i t  ra n ged from 9 to 

12 days . ( Sw i e r s tra , 1 968 ) . Al thou g h  th i s  peri od wa s e s t i ma ted a t  

1 4  days by S i ngh ( 1 9 6 2) . I n  compa ri s on e p i d i dyma l trans i t  t i mes  

have  been  reported a s  1 3  to 1 5  day s i n  the  ram ( Ortava nt , 1 959 ) a nd 

8 to 1 1  d ays i n  the b u l l ( Orgeb i n  1 96 1 ) .  The beg i nn i n g of  s pe rma to ­

gene s i s ha s not bee n defi ned , a s  yet , so the e xact l e ngth  of the 

p roce s s  rema i n s u n k nown . However , i n  ma ny other s pe c i e s ,  sperma to­

genes i s  e x tends over a bout  4 cyc l e s  of the sem i n i ferous e p i the l i um .  

Conseque n t l y ,  u nt i l the exa c t  p attern o f  s permatogona l re newa l i s  

known , i t  i s  a s s umed that  s pe rma togene s i s o f  boa rs extends ove r 

fou r consecut i ve cyc l es . Based  on  th i s a s s umpti on 3 5  days may be 

cons i dered a reasonab l e approx i ma t i on of the  dura t i o n  of s pema to­

gene s i s  i n  the boa r . The yi e l d of  spermatozoa  i s  i n fl uenced by 

nume ro u s  factors , many of wh i ch a ffec t  the pr i mary s tages  of 

sperma to g e ne s i s a n d  s perma togona l d i v i s i on s . ( Cou rot e t  a l  1 9 70 ) . 

Ma ny s perma tocytes degenera te , part i c u l a r l y  u nder i nfl uences  s u c h  

a s  e l eva ted  scrota l temperatu re a nd hence l i m i t t h e  effi c i e ncy of 

s perma tog e ne s i s ( M a z z arri ,  1 968  ) .  A det a i l ed descr i pt i on of  

the dynami cs  of  s p e rmatogene s i s i n  the boa r i s  g i ven  i n  a 

rev i ew by Swi ers tra ( 1 968 ) , wh i l e  a de s c ri pt i on of  s emen c hara c teri s t i c s  

and  compo s i ti on ,  s perm capac i ta t i o n and  the  p roces s of e j a c u l a t i on 

are d i s c u s sed i n  rev i ews by Ortavant  ( 1 977 ) a nd Mann ( 1 9 54 ) .  
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2 . 6 . 2 .  Endocri no l ogi ca l  aspe c t s  

Rep roduct i ve p roces s es a re reg u l a ted  t o  a l a rge exte n t  by two hormones 

s e c re te d  by the a n teri or  p i t u i t a ry .  Al though  these hormones , 

n ame l y  LH and FSH , were d i s cove red ove r  40 yea rs a g o  ( Eva n s  e t  a l  

1 9 3 7 ) ,  t he i r exact  ro l e  i n  t he  i n i t i a t i o n  a n d  ma i ntenance of 

s pe rma togenes i s  i s  s t i l l  n ot  c l ear l y unde rs tood . Mo s t  s i mp l y  s ta ted , 

FSH  i s  t houg h t  to s t i mu l a te the  growth of  semi n i fe ro u s  tubu l es and  

s pe rma togenes i s  a ffect i ng the matura t i on of sperma t i d s  and  

s pe rma tozoa  ( Mean s ,  1 9 7 5 ;  Gemz e l l e t  a l , 1 966 ) , wh i l e  L H  fa c i l i ta tes 

the c om p l et i on of s perma toge n e s i s  by s t i mu l a t i ng  the Leyd i g ce l l s  

to prod uce androgens  ( Ste i nberger  et  a l , 1 9 72 ) .  The major  te s t i c u l a r  

a nd roge n thus  p roduced , name l y  te s t o s te rone serves  a s  a c i rcu l a t i ng 

p rec u rs o r  for two other  type s of stero i d s . These i n  turn med i a te 

ma ny of  the phys i o l og i ca l  proc e s s e s  i nvol ved i n  ma l e  sexu a l  

d i ffere nt i a t i on a nd v i ru l i z a t i on ( Ha n s son , 1 97 2 ; V ree bu rg e t  a l , 1 97 1 ) 

On the other ha nd c i rc u l a t i n g  androgens  a re a roma t i zed  i n  the  peri phera l 

t i s s u e s  of both sexes  to oe s t rogens  ( Enge l , 1 9 7 3 ) .  The l a tter  

i n  some i ns ta nces  a c t  i n  conj u nct i on wi th androge n s  to  i nfl uence  

phy s i o l o g i c a l  proce s s e s . They may a l so  e xert  i ndependent effec t s  

o n  ce l l u l a r fu nct i on a n d  e v e n  o n  occa s i on h a v e  effe c t s  i n  oppo s i t i on 

to tho s e  of a nd rogens  ( Federm a n  et al 1 958 ; de Moa r ,  1 973 ) .  
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3 .  Chara c te r i sat i on a nd I nc i dence of  Sea s ona l I n ferti l i ty 

i n  the P i g . 

The domest i c a ted p i g i s  descr i bed a s  a po l yoe s t ru s  an i ma l , wh i c h 

c a n  cope w i th a very w i de  ra nge of cond i t i ons , o utdoors and  i ndoors ; 

a nd i n  mo st i n s tances  reproduc t i ve performa nce i s  sat i s fa c tory 

( Dyck  et a l  1 9 74 ; Ste i nbach , 1 9 7 2 , 1 9 76 ) . Howe ve r ,  wi th  the  

advent of  c o s t l y  i ntens i ve systems o f  p i g  produ c t i on ,  mi nor  

a l terna t i o n s  i n  eff i c i ency of prod u c t i on s uch  a s  seasona l var i a t i on 

i n  re prod uc t i ve pe r forma nce , a re now of ma jor  i mportance i n  

o p t i mi z i ng the use  of e xpens i ve fa c i l i t i es . 

S e a s o n a l  r e prod uc t i v e  i ne ffi c i ency ha s on l y  been de t e c t e d  i n  

recent  yea rs w i th  the i n troduc ti on o f  deta i l ed re cordi n g  s c heme s , 

nmv an  e s sen t i a l  fea tu re o f  pro fi tab l e produc ti on . Neve rthe l e s s , 

the phenomenon  has  been  reported to occ u r  i n  a n umber  o f  countr i es  

i nc l ud i ng t h e  Uni ted Ki n gdom ( S tork , 197 9 ) , I ta l y  ( Enne  e t  a l , 1 97 9 ) ,  

South  Afri ca , ( Rob i nson  and  van  N i e kerk , 1 978 ) , F rance ( Corteel  et a l  

1 964 ) Au stra l i a  ( Love , 1 9 78 ;  P aterson  �� 1 9 76 ) ,  and  New Zea l a nd 

( He rmann , 1 980 ) . 

L i tera ture perta i n i ng to the effect  of  season  on  fe rti l i ty i n  the 

p i g can be cons i dered i n  two ma i n  sect i ons ; sea s on can  e xert  both 

a d i rec t a nd an  i nd i rec t i nfl uence on  rep roduct i ve effi c i e ncy . I n 

re s pect  of  the l a tte r ,  season  of b i rth  may i nfl u ence the t i me of 

s ub sequent s e xua l  a c t i v i ty through  an effe c t  on t i me of  a tta i nment  

o f  pube rty . I n  re s pe c t  of  the former , season  h a s  a d i rec t  i nfl uence 

o n  severa l fa cets  of reprodu c t i on i n  the sexua l l y  ma ture a n i ma l . 
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Man i fe s ta t i ons  of the l a tter ,  i n  re s pect  of  the  fema l e  i nc l ude 

fai l u re to retu rn to oe s trus , returns  to serv i ce of abnorma l 

l e ngth , a borti on a n d  a n i ma l s  s ubseq uen t l y  fo und  not to be preg nant  

a t  term . Al so i nc l uded i s  a n  i nc rea se i n  s t i l l b i rths, dec reased  

l i tter  s i ze ,  re duced b i r thwei ghts  and  v i a b i l i ty of  young . Co rre soond i ng 

a s pe c t s  of  reproduct i ve pe rformance  i n  the boa r ,  i n l fuenced by sea son  

i nc l ude l i b i do ,  and  t he  produduc t i on  a nd v i a b i l i ty of  s perm .  

3 . 1 .  Atta i nment  of puberty 

There i s  ev i denc e  tha t w i th g i  l t s born i n  s umme r  months  there i s  

a de l ay i n  a tta i nment  o f  sex ua l maturi ty ( Wi g g i ns et  a l_, 1 948 ; 

1 9 50 ; Rober tson  e t  � 1 9 5 1  ; Gos sett  and Soren sen , 1 9 5 9 ; Corteel  

et al 1 964 ) . In  contra s t ,  no s i g n i fi cant  d i ffe rence i n  age a t  

pube rty d u e  to s ea son  wa s noted by W i se a nd Robertson ( 1 9 5 3 ) a nd 

Sorenson  e t  a l ( 1 9 6 1 ) .  Th i s  contrad i c tory e v i de nce i s  di ffi c u l t 

to e xp l a i n a s  ma ny a uth o rs have neg l ected to g i ve prec i se da tes 

of puberta l  a tta i nme n t  and the  me thod of detec t i on of puberty i s  

not c l ea r .  The l a tter i s  of part i cu l a r s i gn i f i cance i n  v i ew of 

f i nd i ngs  tha t presence of  the ma l e  can i nfl uen ce the t i me of 

a tta i nment  of puberty ( Brook s  and  Col e , 1 9 70 ) .  

3 . 2  Fa i l ure to re tu rn to serv i ce post-wea n i n g . 

Sea sona l var i a t i on i n  the  l ength  of  t i me to return to oes trus 

postwean i ng ha s bee n  reported by severa l workers i n  var i ous  countr i e s  

(M i t i c  e t  a l , 1965 ; d u  Mesn i l  d u  Bu i s s i on a n d  Si gnore t , 1 968 ; 

Mag n a n i  a nd Ca sat i , 1 966 ; Hurtgen , 1975 ; Ste i nbach , 1976b ; We b s ter , l 978 ; 

Lov e , 1 978 ) . F i g ure s g i ven i n  these  s tud i es s h ow tha t  a l though  

season  d i d  i nfl uence re turn to  oes trus i n  a l l ,  there i s  no ge nera l 
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a greemen t  a s  to i ts effect . Hurtgen ( 1976 ) found a l a rger percentage 

return  w i th i n  1 0  day postwea n i ng i n  wi nte r  and  spr i ng compared wi th  

a utumn a nd s ummer . Wh i l e  Legau l t et  a l  ( 1 975 ) noted a s i gn i f i ca n t l y  

l onger  retu rn t o  oes trus p o s t  wea n i ng i n  l ate s pr i n g a nd s umme r  

compare d  wi th wi nter . Howeve r ,  Magnan i a n d  C a sat i  ( 1 966 ) fo und 

l i tt l e d i fference i n  the days from fa rrowi n g  to onset  of  oe strus  

i n  w i nter  compa red  wi t h  l a te s pr i ng . 

I n  expe r i ments whi c h  recorded pro l onged re turns  to oe s trus 

pos twea n i ng dur i ng s ummer mo nth s , th i s fa i l u re may be a s soc i a ted 

wi th  e i ther  a s u boe s t ru s  or an  a noes tru s cond i t i on .  A recent  

deta i l ed o n -fa rm i nv e s t i ga t i on by Love ( 1 978 ) conc l uded t h a t  the  

" ma j or i ty of  so1vs t h at  have a pro l onged wea n i ng to oe s tru s  

i n terva l ( grea ter  than  1 8  days ) have ovu l a ted b ut  oe s t rus  h a s  e i ther  

not been expre s sed  o r  not  observed " .  Further , beha vi oura l  

s tud i e s by  van  Putten ( 1 965 ) and  du  Me s n i l d u  Bu i sson  and  S i gnore t 

( 1 968 ) reported that  oestrus  tended to be l e s s  c l earl y expressed 

i n  summer than  i n  w i n ter , i mp l y i ng  abnorma l s ummer  oes trus  re turns  

to be c au sed by a s u boestru s  cond i ti o n .  I n  contras t ,  Hurtgen 

( 1 9 76 ) d i agnosed an  a noestrus  cond i t i on i n  s ows return i ng i n  

l a te s ummer a nd ear l y  autumn . C l i n i ca l  exam i nat i on s howed that  

reprod uct i ve tracts  had a ton i c uteri  and  sma l l i nact i ve ovari es . 

Al though  the s tud i e s  wh i c h have  exami ned the sea sona l i nf l uence  

on wea n i ng to  fi r s t  oestrus  i nterva l  a re not  a l l in  ag reeme n t  

t here i s  a gene ra l conse n s u s  i n  suppo rt of  a n  i n crea sed  percenta ge  

of s ows exh i b i t i ng a re turn to oestrus  i n te rva l of more than  1 0  

days po st  wea n i ng  d ur i ng  t h e  s ummer month s .  Th i s cou l d  suggest  

a need for  a n  extended rec u pera t i ve peri o d  postwean i ng . 
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I n  s u pport , Love ( 1 97 8 )  fou n d  that  i n  s umme r , sows whi c h  took 

more t h a n  1 8  days t o  expre s s  d e te c ta b l e o e s tru s s u bseq uent l y h ad  

a n  a c c e pta b l e fa rrow i ng rate of  8 2 . 6% .  On t he  o t h e r  hand  a g roup  

ta k i n g l e s s  than  1 8  days to  s how detecta b l e oestrus  fo l l owi n g  

3 0  

wea n i n g  had a fa rrow i ng rate of  68 . 8% .  I n  s u pport of  the proposed  

need  fo r an  e x te nd ed re c u pera t i ve  pe r i od fo r sows wea ned  d ur i ng  s ummer 

mon th s , Ste i nbac h  ( 1 9 76 b )  i n  a s tudy cond u c ted  i n  N i g er i a ,  n oted 

tha t i n  the prooe s t r u s  a nd oe s t ru s p h a s e s  o f  t he cyc l e ,  the ov i d u c t a l  

e p i th e l i um w a s  2 8 %  l owe r d u r i ng t h e  s umme r ( " dry per i od "  of t h e  yea r )  

t han  d u r i ng  the " we t " s ea son . I t  wa s proposed that  " s ows may respond  

more s l ow l y  i n  re tu r n  to  oe s t ru s , poss i b l y  d u e  to a l owe r s ecre t i on  of  

gona d a l hormone s " . Support  for  th i s  hypo t h e s i s come s f rom \�e b s te r  

( 1 9 7 8 ) w h o  descr i b ed  and  ev a l u a ted a comme rc i a l  m i xed g o n a d o t r o p h i n 

p r e p a r a t i o n i n  a p i g gery t hat  con s i s ten t l y  exper i enced  s u1nm e r  

i n fer t i l i ty due p r i nc i pa l l y  to a pro l onged  wea n i ng to oe s t r u s  i n te r va l . 

I t  wa s found  t h a t t h e  average  wean i n g to o e s t rus  i n te rva l for 

trea ted  sows wa s s i g n i f i c a n t l y  shorter  tha n for c o n t r o l  a n i ma l s 

a n  i nd i c a t i on o f  a n ega t i ve re l a t i o n s h i p  b e tween p l a sma gonadotro p h i n 

l eve l s and  l e n g th o f  wea n i ng  to rema t i ng  i n te rva l du r i n g s umme r .  

I t  i s  wo rthy o f  note , however , tha t t here a re confl i c t i ng repo rts  

on the  l en gth  of t h e  we a n i n g  to  rema t i ng  i nte rva l du r i ng s umme r .  

Wh i l e  the hormona l  ro l e i n  s u boes tru s  o r  a noe s trus  re s ponse  t o  sea sona l 

v ar i a t i o n awa i t s f u r t he r  eva l u a t i on . 

3 . 3  D u ra t i on  of  oe s t ru s : 

I n  t h e  norma l l y  cyc l i ng sow Ma l i n k i n ( 1 9 7 1 ) a nd S i gnoret  ( 1 967 ) 

have  reported sea s o n a l va r i a t i on i n  the  d u ra t i on of oe stru s  a s  

j udge d by the per i od o f  t i me t h a t  the  s t a nd i ng re fl ex  c ou l d  be 

e l i c i ted and  by g i l ts a ccepta nce of the b oa r . I n  re s pect  of  the  forme r 



s t u dy a ma x i mum peri od wa s reached i n  s ummer ( 98 . 8 - 1 1 1 . 9  hours  and  

a m i n i mum i n  wi n te r  24 . 6  hours ) .  Corres pond i ng v a l ue s  for the  

l a tte r study were 58 . 8  and  5 2 . 9  hours  res pect i ve l y .  However , t he 

v ar i a t i on i n  v a l ues  re ported by Ma l i nk i n  ( 1 97 1 )  a p pear extreme . 

A s tudy re ported by van  Pu tten ( 1 965 ) o n  the d i s t i ncti vene s s  o f  

e xternal  s i g n s  o f  hea t , fou n d  tha t t h e  s ta nd i ng refl ex wa s not  

a certa i n cr i te r i on of onset  of oe s t ru s . 

Contra ry to the a bove fi nd i ngs  there a re reports  tha t oe s trus  tends  

to be expressed  more c l ear l y in  wi nter than  i n  summe r ( Va n  P u tten , 

1 96 5 ) . I n  t h i s s tudy however , poor expres s i on of  oestrus wa s not  

cons i dered to be  rel a ted to  reduced fe rt i l i ty .  I t  co u l d  we l l be 

tha t a pro l onged  oes tru s can  oc cur  i n  s ummer but  i t  i s  l e s s  c l ear l y 

expres sed compa red wi th  wi n ter . I n  the  ensu i ng sexu a l  cyc l e  

E i na rrson ( 1 968 ) observed a decrease  i n  the number o f  sows wi th  

a bnorma l cyc l e l e ngths  over summe r compa red wi th  the res t  of  the yea r .  

S i gnoret  ( 1 96 7 )  on the other  hand , reported that  i n  norma l l y  

cycl i ng sows the  average l e ngth o f  t he oe strus  cyc l e  wa s una ffec ted 

by season . Hormona l  s t ud i e s were a l s o  unde rtaken  by S i gnore t  ( 1 967 ) 

I t  was noted t ha t the d ura t i on o f  the oestrus  re sponse can  

a ppa rent l y  be con trol l ed by  the  use  of  oes t rogen , but  that  a s pe cts  

o f  the s ubsequent  sexu a l  cyc l e  a ppea r to be  predomi nant l y  contro l l ed 

by other fa c tor s , proba b l y  of genet i c  o r i g i n .  Thus , S i gnoret , ( 1 96 7 ) 

observed tha t desp i te pro l onged oes tru s dura t i on due to oestrogen 

dose i n  ovarectomi sed fema l e s , sea sona l var i a t i on i n  dura t i o n  of 

s ubsequent sexua l  cyc l e re sponse va r i e d  i n  the  same way as w i t h  

s pontaneous oestrus  i n  i ntact  sows . I nd i v i dua l  i nfl uences  were 

not i ced i n  hormone- trea ted a n i ma l s as i n  norma l an i ma l s . 
• 
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3 . 4  Return to oe s trus 

The re i s  e v i dence  tha t s tre s se s  man i fe s t  i n  one part i c u l a r  p art  

of  ge s ta t i on a re not  a l ways appa re n t  a t  that  t i me . Thu s , s h ou l d 

re product i ve fa i l u re res u l t i t  i s  d i ff i c u l t and i mpra c t i c a b l e 

to d i a g no se the  exact  s tage  i n  ges t a t i o n  when th i s  oc c u rre d . 

Con sequen t l y ,  mos t  stud i e s concerned wi t h  the i n f l ue n c e  of sea sona l  

var i a t i on on g e s t a ti on h ave  used  o n l y  a n  overa l l i ndex of rep rodu c t i ve 

eff i c i ency . T h i s  has  i nvar i a b l y  been fa rrowi ng  ra te , wh i c h c a n  be 

de f i ned a s ; the  p roport i on of serv i ce s wh i c h  a re s ucce s s fu l , i . e .  

p roduce a l i tte r .  

Des p i te the l i m i ta t i o n s  o f  th i s  pa rame ter  o f  reprodu c t i v e 

e ff i c i ency , many s tu d i e s  have  noted a dec rea se  i n  r e p r o d u c t i ve 

p e r f o rma n c e  d u r i n g  s umme r  ( Ta b l e 1 )  a l t h o u g h  t h e  dec l i ne i n  fa rrow i n g 

ra te o b s e rved h a s  v a r i ed w i t h  cou ntry o f  or i g i n , a nd t h e  s pe c i f i c  

m i c ro e nv i ro nment a n d  ma n agemen t to w h i c h  the sows w e r e  s u b j e c te d . 

The  effec t  of  s ea son or  s pe c i f i c a spec t s  of the reproduc t i ve cyc l e 

h a s  been s tud i ed by severa l grou p s  of  wor kers  ( Cortee l e t  a l  1 964 ; 

J a u s s i aux , 1 964 ; Scofi e l d and  Penny , 1 96 9 ;  S tork , 197 9 ) . The re 

i s  general  a g reement that  the sea sona l  e ffec t  prod uced i s  very 

much depende n t  u pon the s tage  of the reproduc t i ve cyc l e  wh i c h  i s  

i nfl uenced . One  such  stage , a s  de scr i bed by Wra tha l l ( 19 7 5 ) i s  

the  rate of ret u rn to  s erv i ce  some 20 d ays a fter a norma l ma t i n g . 

Re turn to n atura l  serv i ce or art i fi c i a l i n sem i na t i on a t  t h i s t i me 

i s  a s soc i a te d  w i th ovari e s  that  a re func t i ona l l y  norma l a n d  a 

rhythmi c a l  o e s t rus  cyc l e i s  estab l i s he d  but  a fter  ma t i n g  the  

s ow fai l s  to ho l d  to  s erv i ce .  One  of  t h ree fac tors i s  i nvo l ved ; 

e i ther the s pe rma tozoa fa i l  to rea c h  the  ova , the  ova d i e  w i t h i n  
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TAB L E  1 : Sea s o na l  i n fl uence  on fa r rowi ng ra te 

Sea son  of  number of Proport i on o f  serv i ces  Author  
rna  t i ng  observa ti ons  wh i ch produced  a 1 i tter a nd 

( % )  coun t ry .  

Spri ng 1 4 6  86. 2 Moore ( 1 97 2 ) s umme r  79 . 4  ( U .  S . A . }  

W i n te r  69 . 9  Ce ro v s ky ( 1 974 ) 
S p ri ng 4 1 6 9  66 . 5  ( Cz echo s l ovak i a )  
Summe r 5 2 . 3  
Aut umn 59 . 8  

W i nter 86 . 6  
Spr i ng 509 1  8 1 . 3  S tone  ( 19 7 7 ) 
Summe r 68 . 5  ( Au s t ra l i a )  
Au tumn 82 . 2  

Summer 4 9 1 78 Love ( 1 97 8 )  
Autumn 45 2 9 1 . 6  ( Au s tra l i a )  

W i nter  82 . 7 Rob i n son  and 
Spr i ng N . A .  80 . 3  va n N i e kerk 
Summer 7 1 . 3  ( 1 978 ) 
f',utumn 78 . 3  ( South  Afri ca ) 

W i n ter  76 . 7 
Spr i ng 3 7 5 6 3  72 . 4  
Summe r 5 5 . 8  Enne  e t  a l  ( 1 9 7 9 )  
Au t umn 63 . 9  ( I talY)-

Wi n te r  7 5 . 6  
S p r i ng  8 0 1  7 5  
Summe r 59 . 2  He rma nn  1 980 
Au tumn 78 . 7  ( New Zea l an d )  

N . A .  - not ava i l a bl e .  



a few hours  after ferti l i s a t i on or i ns u ffi c i ent  fe rti l i sed ova 

to de ve l op to the 1 2 th day postmat i n g  to  s u s ta i n pregna ncy . 

I t  does not appea r t ha t  return  to serv i ce  a t  the normal  20-day 

per i od i s  i nf l uenced  by season . Thu s , Love ( 1 978 ) i n  a de ta i l ed 

s tudy of  record s  from one breed i ng u n i t ,  found that  e s sen t i a l l y  

the s ame proport i on of sows retu rned to oes t rus  after a norma l 

cyc l e l ength dur i n g  a pe r i od when 1 s ummer 1 i n fert i l i ty wa s exper i enced  

and  a s ubsequent o n e  whe re s ow fert i l i ty wa s cons i dered to  be  norma l . 

Th i s  component  of the  i nfert i l i ty p rob l em wa s fa i r ly con s ta n t  

throughout  the ye a r  ( s ome 10 to 1 5%  o f  ma t i n gs ) .  I t  wa s c o n c l u d e d  

tha t the  �umme� i nferti l i ty pro b l em wa s not  d ue t o  f e r t i l i s a t i o n  

fa i l u re o r  e a r l y  embryon i c  mor ta l i ty where sows vJOu l d  b e  e x p e c te d  

t o  l'e t u r n  t o  o e s tru s i n  the norma l 1 5  to 2 5  day ra nge . I n  s u p p o r t  

of  t h ·i s v i ew , a  few d e ta i l e d s tud i e s  ( Cortee l �.!__9_L_ 1 9 6 4 ; 

J a u s s i a ux ,  1964 ; Hermann , 1 980 ) have fou n d  tha t any i n c rea s e  i n  the  

n umber of i nfe rt i 1 e sows i n  the herd dur i n g  the  summe r  p e 1· i  o d  

cons i s t s  ent i re l y  of  a n i ma l s wi th extended re turn to  serv i ce 

i n terva l s ( Tab l e  2 ) . 

Re turn  to serv i ce  s ome 20 days after ma t i n g  may occu r , fo l l owi n g  

tota l  embryon i c  l o s s  ear ly  i n  gesta t i on . The cau ses o f  embryon i c  

l os s  a re many ; Boyd ( 1966 ) i n  h i s  rev i ew gave  a range of  factors  

whi c h  i nfl uence embryon i c  s urv i val  ( one o f  wh i ch wa s season  of  

mat i ng ) .  Howeve r , l i tt l e doc umented e v i dence was presented i n  

s u pport  of th i s v i ew ,  a s  the re i s  a l ac k  o f  s pec i fi c  l i te ra ture i n  

th i s  f i e l d .  Howe ve r , a few workers have recentl y made men t i on  o f  

s i g n i f i cant  i nc rea s e s  i n  t h e  proport i on o f  sows i n  l a rge breed i ng 
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TABLE  2 :  Seasona l  i nf l uence on returns  to  oe strus pos t ma t i ng 

Season of  n umber of Pro port i on of Author 
ma t i ng observa t i o n s  returns  of  and  

abnorma l 1 e ng th Cou nt r'y 

Summe r ( 1 a te ) 1 3 . 03 J a u s s i aux  
8489 \ 1 )  ( 1 964 ) 

Autumn ( ear ·l y )  1 3 . 07 France 

rema i nder o f  
year 3 . 4 3  to  6 . 62 

S umme r 49 1 1 1 . 1  ( 2 )  Love ( 1 978 ) 
Autumn 452  2 . 7  ( Au s t rct l i a )  

-------------- ----------

�l i nter  6 . 2  He rma nn 
Spr i n g  8 0 1  1 1 . 3  ( 1 980 ) 
Summer 25 ( 3 ) ( New Zea l and ) 
Aut umn 9 . 9  

( 1 )  = > 45  days ; ( 2 ) > 25 day s ; ( 3 )  = 2 5 - 3 5  days and  > 49  days 

3 5  



herds  exh i b i t i ng l ong  re t u r n s  to  n a tu ra l ma t i n g  o r  a rt i f i c i a l  

i n sem i  na t i o n  d u r i ng the s umme r  mo n t h s  ( Stork , 1 9 7 8 ; Love , 1 9 7 8 ; 

Pa  t e r s o n  e � 1 9 78 ; Herma n n , 1 980 ) .  

A decre a s e  i n  fe rt i l i ty of  s ome 1 0 %  du r i ng  the s umme r mo n t h s  

wa s reco rded i n  b reed i ng u n i t s  a s s oc i a te d  wi th  a n  a rt i f i c i a l  

i n s e m i n a t i o n  c e n tre i n  Fr ance . I n  the  s ame pe r i od the freque ncy 

of a b norma l l y  l o ng  re turns  to oes tru s ( >4 5  d ays ) i nc re a sed  to dou b l e  

the  v a l u e s  reco rded d u r i n g  other  mon th s . T h i s  encouraged  a 

th ree -yea r mon i t o r i ng  o f  a b norma l returns  to s e rv i ce pos t 

ma t i n g s  i n  the  f i e l d  ( Co r tee l ��' 1 96 4 ) . The  l a tter  repo rted 

a s i g n i f i c a n t  i nc re a s e  i n  a bnorma l re t u rns  ( > 45 day ) d u r i ng  the  

s umme r  mo n th s . I t  wa s c o n s i dere d  t h a t the dea th of emb ryos afte r  

i mp l a n ta t i on cou l d  b e  re s po n s i b l e  f o r  a de l ay  i n  re t u rn t o  oe s t ru s  

a s s o c i a te d  \.<J i th t h e  s umme r i n fe r t i l i ty p ro b l em . 

I n  s upport  t he re a re report s of t h i s oc c u rr i n g  i n  b o t h  s heep  

( Edey , 1 9 6 7 ) a nd c a tt l e  ( Stewa r t , 1 9 5 2 ) . Howeve r , t h e  fe r t i l i ty 

o f  fema l es  t h a t  rema te a fter  l os i n g t he i r conceptu s  i s  u s u a l l y  

i mp a i red ( Ed ey ,  1 96 7 ; Sawye r a nd Kn i g h t ,  1 9 7 5 ) .  Ag a i n ,  s i n ce  

i nv e s t i g a t i o n s  i n to the  s ub sequent  fe rt i l i ty of  s ow s  re turn i ng 

t o  s e rv i ce a fte r a n  extended  per i o d  po s t  ma t i n g  fo und  tha t i t  wa s 

n o  d i ffe re n t  t o  tha t of s ows  s h owi n g  n o rma l returns  to  oe s tru s , i t  

seem s  u n l i k e l y  that  tota l l a te  embryo morta l i ty i s  a fa c to r  i n  the 

e xp re s s i o n o f ' s ummer ' i nfert i l i ty .  

Da t a  perta i n i n g to emb ryo morta l i ty ear l y  po st  ma t i n g  i s  s c a rce . 

H owever , Ma d z i rov et  a l  ( 1952 ) i n  a s t udy cover i ng a one year per i od , 

repo rted t ha t i n  s ows s l a u gh tered  i n  the fi r s t  mon th  o f  ge s ta t i on  

t h e re wa s no  s i g n i f i c a n t  month l y  d i fference  i n  embryo s u rv i va l . 
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3 .  5 Fecund i ty 

I n  respect  of fecund i ty o f  the  sow , the re i s  o n ly  l i m i ted 

i nforma t i on of the  i n fl uence of  �eason  on  ovu l a t i on r ate and th i s 

i s  co n trad i c tory ( Gossett a nd Sorensen , 1 959 ; Sorensen  et  a l  1 96 1 ;  

Moore , 197 2 ;  Moore et  a l  1 97 3 ;  ��ahoney et a l , 1 9 70 ) . S i m i l a r l y  

wi t h  regard t o  the i n f l uence o f  season o f  ma t i ng o n  l i tter s i z e 

a t  b i rth there i s  no genera l agreeme n t  ( Tab l e 3 ) .  I n  re s pect  of the 

's ummer ' i nfe rti l i ty probl em recent  e v i dence ( Love , 1 9 78 ) i nd i c a te s  

a n  " a l l or  noth i ng phenomenon " i n  re spect  of l i tter  s i ze .  Thu s , 

the sow e i the r ma i n ta i n s t he pre gnancy a nd fa rrows a norma l 

l i t te r  o r  l o se s  the who l e l i t ter  a nd re turns to oe stru s . I n  

su pport , a recent  study ( He rmann , 1 980 ) i nvol v i ng the a na l y s i s o f  

bree d i n g  reco rds i n  one herd over a 7 -yea r pe r i od re ported a 

dec l i ne i n  fa rrow i n g  ra te i n  sows ma ted d u ri ng  the s ummer months  

b u t  no  effe c t  on  e i ther  tota l l i t ter s i ze of b i rth  o r  l ive 

b i rths  per l i tter . 

I n  respec t of a poss i b l e  sea sona l  i n f l uence on abort i on ra te i n  

sows ev i dence i s  sparse . I n  a recent  fa rm survey cond u c ted  i n  

the Un i ted K i n gdom , S tor k ( 1 979 )  re ported  an  i nc rease  ( 2 - 3% ) i n  

t h e  n umber of s ows aborti n g  dur i ng  the  a utumn per i od , an e ffec t 

wh i c h appea re d  to  be a reg u l a r  seasona l  prob l em .  The na ture of  

the  a bort i fa c i ent  (wh i c h  wa s capab l e of  cau s i ng a bort i on  a t  

a l l stages  o f  pregna ncy ) wa s not i de n t i f i ed .  
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TAB L E  3 :  Sea sona l  i n fl uence  on l i t ter  s i ze 

Sea s o n  o f  
ma t i n g  

Wi n ter  
Summer 

--------

Wi n te r  
Spri n g  
Summer 
Autumn 

Summer 
Autumn 
W i n te r  

Autumn 
Yea r l y  
Ave rage 

Summer 
Au tumn 

\>J i nter  
Spr i n g  
Summe r  
Aut umn 

Wi nter  
Spri n g  
S ummer 
Aut umn 

( l a te ) 

number of  
ob serva t i ons  

1 , 26350  
1 , 10530  

1 0 2 2 2  

1 97 9  

2 1 34 

383 
4 14 

2 760  

80 1 

n umbe r born 
pe r l i tter 

9 . 2 1 
7 . 2  

10 . 4  
10 . 1  
1 0 . 3  
1 0 . 5  

1 1 . 1  
1 0 . 7  
10 . 8  

8 . 43 

1 1 . 39 

8 . 78 
8 . 66 

1 0 . 7  
1 0 , 9  
1 0 . 4  
10 . 5  

1 1 . 9  
1 1 . 3  
1 1 . 8  
1 1 . 8 

Author 
and 

Coun try 

Anonyme ( 1 954 ) 
(Austra l i a )  

Po po v i  c and 
Sa l a hov i c  ( 1 97 3 )  

( Yugo s l a v i a ) 

Ma ryush i n a n  
Maryu sh i na ( 1 9 74 ) 
( U SSR ) 

--·--

Entwi s t l e  e t  a l . 
(1 978 ) 
( Au stra l i a ) 

----

Love ( 1 978 ) 
( Au s tra l i a )  

Rob i nson  a nd 
van  N i  e ke r k  
( 1 978 ) 
( South  Afr i ca )  

Herma nn ( 1 980 ) 
( New Zea l a nd ) 
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The  i nc i dence  of  s t i l l  b i rths i s  known to be pos i t i ve l y  a s s oc i ated  

wi th  l i tter s i z e ,  wh i l e  pro l onged pa rtur i t i on i s  proba b l y  a nother  

ca u s a l fa ctor , s i nce mo s t  s t i l l  b i rths  occur  a s  a res u l t of  

a nox i a .  Whe ther  s easona l  var i a t i on occurs  i n  t h i s fa c tor i s  

not  c l e ar , e v i dence i n  the l i tera ture bei ng  both scarce  and  

con tra d i c tory ( Tab l e 4 ) . Aga i n ,  i n  re s pect of a seasona l  i n fl uence 

o n  s u b s equent b i rthwe i gh t ,  i n fo rmat i on i s  scarce . However , 

Enw i s t l e et a l  ( 1 978 ) repo rted tha t  p i g l e ts born from sows ma ted 

d u ri n g  the s umner months  had a s i gn i f i c a n t l y  l owe r b i rthwe i g h t  

t h a n  those born frcm ma t i ng s  i n  the wi nter months . O n  t h e  other 

hand M i l osa v l j e v i c .  and Sov l j a n s k i  ( 1 969 )  and Srec kov i c  et  a l  ( 1 974 ) 

repo rted no s i g n i f i ca nt sea son  effec t on body we i g h t  a t  b i rth . T h i s  

conf l i c t i ng ·i nforma tion i s  no t surpri s i ng i n  v �w o f  the  ma ny 
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fac tors  wh i c h i nf l uence b i r thwe i ght  e . g .  nutr i t i on o f  t h e  s ow a n d  

l i t ter  s i ze ( C l awso n �� 1 963  ; Lodge �_!_� 1966a ; 1 966b ; O ' Grady , 1 967 

Es l ey et  al 1 96 9 ) . 

Ove ra l l i t  seems c l ea r ,  from recent  reports tha t the re i s  a ' s umme r '  

i nfert i l i ty probl em i n  s e vera l of t he major p i g prod uc i ng coun t r· i es . 

The ma i n  effe c t  of wh i c h i s  a reduced fa rrowi ng  ra te i n  the he rd . 

Severa l s t ud i e s have attr i b u ted  th i s  to abnorma l re tu rn s  to 

serv i ce .  Another effect noted ha s been prol onged re t urn to serv i ce 

pos twean i n g ,  wh i l e  subseq u e n t  l i tter s i ze of b i rth  does not appear  

to be i nfl uenced by th i s cond i ti on .  



TAB L E  4 :  Sea sona l  i nfl uence o n  the n umber of s t i l l bi rths  

Sea son  of  numbe r of S t i l l b i rth Author 
farrow i ng  ·1 i t ters ra te ( % ) and 

Country 

\4 i n te r 1 3 . 44 Mi l osa v l j ev i c 
Spri ng 352  1 1 . 26 and 
Summe r 8 . 64 Sov l j a n s k i  
Aut umn 1 1 . 05 ( Yugo s l a v i a 

( 1 96 9 ) 

\� i nter  1 330  6 . 66 S t'e c ko v i  c et  a l  
Sp r i ng  1269  6 . 73 ( 1 974 ) 
Summe r 1667  6 . 79 
Aut umn 150 1 6 . 86 

Summe r 2 . 8+ Scofi e l d a n d  
Wi nter  N . A .  Pe n ny ( 1 969 ) 

_
( Un i ted K·i ng dom )  

+ I ncrease  i n  s ummer re l a t i ve  to wi nter 
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3 . 6 Reproduc t i on i n  the ma l e  

S e a s o n a l  c h a n g e s  i n  the r e p ro d u c t i v e  a c t i v i ty o f  t h e  b o a r h a ve 

n o t  b e e n  a s  w i d e l y  s tu d i e d  a s  i n  t h e  s ow .  The s u b j e c t  h a s  b e e n  

re v i e we d  by Orta v a n t  e t  a l  ( 1 964 ) a n d  A s d e l l ( 1 964 ) . I t  a pp e a r s  

t h a t m a l e  mamma l s  d i s p l ay l e s s  d rama t i c a n d  c h a r a c t e r i s t i c 

s ea s o n a l d i f fe re n c e s  i n  be h a v i o u r  c ompa re d w i t h  t h e  fema l e .  Neve r ­

t he l e s s  s e a s o n a l va r i a t i o n i n  r e p rod u c t i ve p e rfo rma n c e  h a s  b e e n  

r e c o r d e d  fo l l ow i n g  e xami n a t i o n of t h e  g o n a d s , a c ce s s o ry o r g a n s  a n d  

s em e n  ( Ta b l e  6 ) .  R e s e a r c h  i n  t h i s  fi e l d h a s  u s u a l l y  i n v o l v e d  

e i t h e r we i g h i n g  t h e  va r i o u s  o r g a n s  o r  t h e  d e te rm i n a t i o n  o f  l e v e l s 

o f  h o nnone a c t i v i ty .  S t u d i e s  of  s eme n c h a ra c te r i s t i c s  ha v e  a l s o 

b e e n  u n de rta k e n . 

I n  t he s umme r mo nt h s , L o v e  ( 1 978 ) fo u n d  that  i n  mo s t  c a s e s , boa rs 

wh i c h we re a s s oc i a te d  w i t h  an u n s uc c e s s fu l  ma t i n g  o n e  we e k , wou l d 

h a v e  a re c o rd o f  s u c c e s s  a t  b o t h  t h e  p re v i o u s wee k  a n d  on t h e  n e x t  

ma ti ng . I n  a dd i t i o n no i n c re a s e  i n  t h e  n u mb e r  of sows re t u rn i ng to 

o e s t t� u s  a t  t h e  n o rma l  t i me wa s n o t e d  d u r i n g  s u mme r . O n  t h e  b a s i s 

o f  t h e s e  re s u l t s  i t  wa s c o n c l u d e d  t h a t  t h e  b o a r wa s n o t  i n v o l v e d  

i n  t h e  s e a s o n a l i n fe r t i l i ty p ro b l em .  

L i b i do i n  the ma l e ,  wh i c h i s  i ndependen t  o f  sperm p r o d uc t i on , i s  

ge nera l ly  l owe r  i n  summer mon th s  than  i n  the o ther s e a s o n s  ( N i wa 

and  Muz uho , 1 954 ; Lawrence e t  a l  1970 ) . Burger ( 19 52 ) a n d  S te i n b a c h  

( 1 9 7 5 ) i n  the i r semen s tud i e s , wh i c h i nc l uded co l l ec t i on , both  

noted that  l ac k  of l i bi do ,  as  mea s u re d  by  the  reac t i on  t i me a nd 

by t h e  boars refu s a l  to mou n t  a dummy , s howed a seasona l  tren d . 
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On the other ha n d ,  Gravogel ( 1966 ) and Rob i nson  and va n N i e kerk ( 1 978 ) 

fou n d  that l i b i do and  genera l sexu a l  behav i our  i n  the  boa r dur i ng  
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the s ummer months , d i d not seem unusua l l y  l ow .  I n  conc l u s i on , s i nc e  

the  boa rs i n  t h e  va r i ous s tud i e s were k e p t  u n d e r  d i ffere n t  

cond i t i ons  a n d  we re of  d i ffere n t  breeds a n d  ages , i t  i s  not  

pos s i b l e  to draw conc l us i ons  from
.
the few s t u d i e s  reported , on the  

e ffec t  o f  season  on  mal e reprodu c t i ve pe rforma nce . 

I n  the  mo re deta i l ed s tud i e s , N i wa and  Muzuho  ( 1 9 54 ) were unab l e 

to de tec t seasona l  c h anges  i n  s pe rmatoge n i c a c t i v i ty of t h e  test i s 

a l though  sperm concentra t i o n tended to be h i gher  i n  s umme r a n d the 

d u ra t i o n of s pe rm v i a b i l i ty wa s l owe r .  No o bserved s e a s o n a l 

va r i a t i o n i n  s pe rm mot i l i ty wa s recorded . N i ger i an  d a ta , re p o r t e d  

by S te i n b a c h  ( 1 9 7 5 ) a l so r e c o rd e d  seasona l d i fferen c e s i n  t h e  

concen t ra t i on o f  s perma tozoa . There we re n o  sea s o na l d i ffere n c e s  

i n  sperm ce l l mot i l i ty or  i n  the  p roporti on of  abnorma l ce l l s  i n  

thi s s t udy .  Ce rov s ky ( 1 974 ) o bs erve d t h at  the perce n tage  of 

abnorma l spe rma tozoa  i n  the ej a c u l at i ons  o f  6 0  boars ro se from 23% 
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i n  wi n te r  to 7 4 . 2 % i n  summe r . I t  wa s found that  the mo s t  frequent  

cause  of  i n fe rt i l i ty wa s a h i g h  percentage  of  s perma tozoa wi th  

protop l a smi c dropl et s . I n  genera l , herd  stud i e s  have reported  no 

seasona l  vari a t i on i n  boar fert i l i ty .  I n  France , no s ea sona l  

var i a t i o n  wa s obse rved i n  the react i on t i me ,  dura t i on o f  e j a c u l a t i on , 

s pe rm vo l ume or  compos i ti on ( S i gnore t , l 9 70) ( Tab l e 5 ) .  
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TABLE  5 :  Sea s ona l i nfl uence on boa r performa nce 

Season  

W i n te r  
Spri ng 
S ummer 
Autumn 

W i n te r  
Spr i ng  
S ummer 
Autumn 

Wi n te r  
S ummer 

Wi n te r  
and  
Spri ng 

S umme r 

Wi n te r  
Spr i ng  
S ummer 
Autumn 

( Boar  performa nce c hara c ter i s t i c s  ) 
n umber of  Ej acu l a te S perm Sperm Sperm Abnorma l L i b i do 
observa t i ons vo l ume ( ml ) conce ntrat i on mo t i l i ty S u r v i val Sperm ( % )  Av . Av 

( x 10- 9/ml ) ( % )  ( hours ) mount  dura t i on 
l a tency e j a c u l a t i on 
(m i n s )  (m i n s )  

730 

232  
2 32  
244 
241 

4 13 
4 13 

60+ 

804 
857 
80 1 
79 1 

30 1 . 5  
2 1 3 . 1  
209 . 8  
2 5 1 . 3  

260  
247  
237  
244 

2 1 1  
204 . 6  

299 . 6  
284 . 3  
30 1 . 6 
2 1 1 . 7  

. 16 3  

. 1 86 

. 1 7 8 

. 1 7 0  

. 25 1  

. 2 1 2 

. 2 3 5  

. 2 4 2  

. 203  

. 2 00 

. 3 3 2  

. 34 1  

. 3 26 

. 33 2  

8 1  
7 5 . 5  

6 9  
79 . 5  

82 
86 
80 
80 

83 . 3  
82 . 6  

29 . 4  
2 5 . 9  
2 1 . 6  
29 . 3  

26 . 8  

74 . 2  

1 . 2 
1 . 2  
1 . 2 
1 . 1  

6 . 3  
5 . 7 3 
5 . 4 3 
5 . 66 

+ Refe rs to number of boa rs in  s t udy 

Author 
a nd 

Country 

�1i k i tas  ( 1969 ) 
( USSR ) 

Fol omeyeyev 
( 1 975 ) 
( USSR ) 

Kava 1 enko  ( 1 975 ) 
( USSR ) 

Cerovsky ( 1 9 74 ) 
( Czechos l ovak i a )  

S i gnore t  ( 1 970 ) 
( Fra nce ) 
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4 .  The I nf l uence of  Env i ronmenta l Fac tors 

on Re p roduc t i ve Pe rfo rma nce -------------

Sea sona l  d i fferences  i n  repro du c t i ve  effi c i e ncy of the sow may 

res u l t from an i nt r i n s i c  rhythmi ca l mecha n i sm ,  but  i t  i s  l i k e l y  

that env i ro nme nta l fa c tors reg u l a te o r  mod i fy s u c h  a me c ha n i sm . 

The fera l p i g ,  i n  some countr i es , i s  found  to be  a seasona l breede r .  

For e xampl e ,  i n  Russ i a ,  fera l pi g s  b reed from Novembe r t o  J a n u ary ,  

wh i l e  i n  I ra q , bre ed i n g i s  from Apr i l t o  May ( Asdel l , 1 964 ) . W i th 

res pec t to New Zea l a nd ,  the dome s t i c p i g re l ea s ed by Cook i s  

found to b reed a l l t he  year roun d  ( Asde l l , 1964 ) . The se  wi l d  p i g s , 

howeve r ,  have  been  adapted to the i r  envi ronmen t  through  

na tura l  s e l e c t i on . They a l so have  the po s s i b i l i ty of  s ee k i ng 

favou ra b l e  m i c ro - env i ronments  w i t h i n a s tres sfu l  mac ro-env i ronme n t . 

By contra s t , domes t i c p i gs have been  se l ec ted  and  bre d  by ma n 

for prod uc t i ve tra i t s . I n  a dd i ti on ,  they may be tra n s fe rred 

from one env i ronme n t  to another a nd the chance  of escap i ng from 

a s tre s s f u l  env i ronment  i n to a l e s s  s tre s sfu l one i s  u s ua l l y  

re s tr i c t ed . Thu s ,  the  dome s t i c a ted  p i g may b e  poorl y a d a p ted to i ts 

env i ronmen t .  On t h i s ba s i s i t  i s  l i ke l y tha t sea sona l va r i at i on s  

i n  amb i en t  tempera t u re , photope r i od  a n d  h umi d i ty a l ong  wi t h  c ha n ges  

i n  nutr i t i on , manage r i a l  pract i c e  a nd d i sease  s tatus  a ffe c t  the 

reproduc ti ve perfo rmance . 

A c l ea r l y  defi ned • cause  a nd effe c t • re l a t i o n s h i p between  s pec i f i c  

fac tors a nd re produ c t i ve d i sorders i s  uncommo n . Al thoug h  i n  the 

fo l l ow i n g  text i t  ha s been nece s s a ry to i mpose  a d i v i s i o n  of  top i c s 
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· i n  order  to  con s i der  a l l the v a ri ou s  fac to rs ,  wh i c h i nf l u ence reproduct i ve 
� 



eff i c i ency i nd i v i dua l l y ,  t h i s  i s  not  a refl ec t i on  of the pra c t i c a l  

s i tua t i o n  a s  many reprod uc t i ve d i sorde rs i n  fa c t  a ppear to  be  of  

mu l t i factori a l  o ri g i n .  

4 . 1  L i g h t  

T h e  i mpo rtance o f  l i gh t , part i c u l a r l y da i l y photoper i od on the  

re produ c t i ve p erforma nce of  dome s t i c  a n i ma l s has  been we l l  estab l i s hed 

i n  s pec i es  s u c h  a s  sheep ( Orta vant , 1 96 1 ; Dun ��. 1966 ) , horses  

( Buckhardt , 1 947 ) a nd goats  ( C l egg a nd Ganong , 1 9 5 9 ) . However , 
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i n  po 1 yoe s t r u s  spec i e s , s u c h  a s  c a t t l e and  p i g s , whe re seasona l peri od i c i ty 

i n  reprod u c t i ve f u nc t i o n  i s  l es s  ma rked , the i mporta n c e  of l i g ht  

a s  a s t i mu l u s  i n  i n fl uenc i ng a w ide  range of  re p roduct i ve re s pon se s 

i s  l es s  c o n c l u s i ve .  N e v e r t h e l e s s ,  v a r i a t i o n s  i n  re produ c t i v e  

performa nce h a ve b e e n  reported i n  c a t t l e ( Swee tma n , l 950 ) a n d  i n  

p i gs  ( Kl otc hov ��l_, 1 97 3 ; S teger  e t  a 1 , 1 9 l l ) .  

Most s tu d i e s  re l a t i ng to the i nfl uence of l i gh t i ng  reg i me on  

reproduct i ve  pe rfo rma nce  i n  the p i g ,  have been  concerned w i th  the  

a tta i nme n t  o f  sexua l ma turi ty . Howe ve r ,  experi menta l f i nd i n g s  

i n  t h i s fi e l d have been  contra d i c tory .  H acker  et  a l , ( 1 974 ) ; Anon 

( 1 977 ) a nd N tunde \ 1 9 78 ) found tha t  where g i l ts were exposed  to a 1 2 : 1 2  

hour  l i gh t : dark  reg i me compa red wi t h  con s ta n t  darkness from e i ther  

b i rth  or  over  a prol onged peri od o f  t i me to puberty the  a tta i nme n t  

o f  sexua l ma tur i ty wa s reported to b e  up  to for ty days ear l i er i n  

g i l ts subjec ted to the  l i gh t  reg i me . S i mi l a r l y  Mart i na t e t  a l  ( 1 970 ) 

i nd i c a ted  t ha t a fewer n umbe r of g i l ts s howed de l ayed o n set  of  puberty 

i n  cont i nuous  l i g h t  compared wi th n a tura l l i g h t . Su rmu h i n e t  a l  ( 1 970 ) 

noted tha t the  uterus  and  ova ri es  were s ome 1 8  to 25%  l a rge r i n  . 



n i ne -month  o l d g i l t s expose d ,  from 3� months  of  age , to 1 2 to 14  

hours  of dayl i gh t  compa red w i th  8 hours . I n  contrast , Dufou r 

a nd Bernard ( 1 968 ) re ported that g i l t s rea red from e i ght  wee k s  o f  

a ge i n  a l mo s t  comp l e te darkness  we re sex ua l l y  mature 1 1  days ear l i er 

than  the i r counterpa rts rea red u nder na tura l  cond i t i ons . 

However , opt i c a l  enuc l ea t i on i n  th i s  s tudy res u l ted i n  a 14  day 

de l ay i n  onset  of oes tru s . 

Seve ral wo rkers have s tu d i ed the i nf l u e nce of l i g ht i ng re g i me 

o n  oes tro u s  beha v i our  a nd ovu l a t i on  rate  i n  g i l t� Du fou r a nd 

Berna rd ( 1 968 ) , i n the s tudy referred to  prev i ou s l y , found t h at  the 

second oe s trus  was exh i b i ted e a r l i e r  i n  the a l mo s t  dark env i ronment  

b u t  ovu l a t i o n rate  i n  t he  dark  wa s s i mi l a r to  that  of the control  

g r·oup  kept i n  a natura l  l i gh t i ng reg i me . Howeve r ,  the n umbe rs 

i nc l uded i n  th i s  e x per i men t  were sma l l .  

Kl otchkova  e t  al_ ( 19 7 3 ) reported that  g i l t s ex posed to l i g h t  

i n tens i t i es of  appro x i ma te l y  1 00 l ux  f o r  1 7  hours , o r  24  hours  

d a i l y  fo r 1 0  to  20 days before oes trus  dur i n g the  wi n ter per i od 

had s i mi l a r  or o n l y  s l i g h t l y  h i g her ovu l a t i on rates to those o f  

g i l ts kept i n  n a tural  l i g ht ( 8 - 1 0  ho u r s  per day approxma te l y ) . 

Waddi l l  e t  a l  ( 1 968 ) ,  who ke pt g i l t s i n  cont i nuous  l i g h t  for one 

cqmp l e te oe st rus cyc l e ,  found tha t  mean ovu l a ti on rate wa s a l mo s t  

i den t i c a l  t o  t h a t  o f  contro l s kept  under  norma l s pri ng- t i me day l i g h t  

condi t i ons . I t  wa s s uggested  that  t he amoun t  of dayl i g h t  d u r i ng 
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s pr i ng may h a ve been s u ffi c i ent  to e l i c i t  an  opt i mum ovu l a t i on re sponse  

i n  the cyc l i ng g i l ts . 

Be l yaev et  a l  ( 1 968 ) demons tra ted t h a t  a prol onged photope r i od ( up 

" 



to 1 7  hours ) d u r i ng  t he t i me of ma t i ng i n  a u t umn -wi nter re s u l ted  

i n  a n  i ncrea s e d  p roport i o n  of  sows exh i b i t i ng pro l onged h e a t  

per i ods . W h e n  t he l i ght  treatme n ts were cont i nued  after mat i n g  

i n to pre gna ncy ( Kl otchkov  e t  a l  197 3 ) i t  wa s reported that  t h e  

l OOl u x  fo r the  1 7  h o urs o r  2 4  h o u r  reg i me res u l ted i n  co n s i s te n t  

i nc reased i n  t h e  numbe r of  emb ryos a t  25 days a nd  subseq ue nt  

n umbe r of  p i g l e ts born  at  te rm .  I t  wa s su gge s ted tha t the benef i c i a l  

e ffec ts o f  e x t ra l i ght  g i ven  before s e rv i ce a nd duri ng  pre g na ncy 

mi ght  have been  due to a s t i mu l a to ry effec t on the corpus  l u teum ,  

t h i s  l ead i ng  to  i nc rea sed  proges terone  secre t i on  w i t h  a fa voura b l e 

e ffec t  on emb ryo n i c  s u rv i va l . A s i mi l a r  tre nd o f  i nc re a sed  

l i tter  s i ze w i t h  prol onged dura t i on of l i g ht , beyond 12  hours  

wa s found  by Anon  ( 1 9 7 7 ) . Steger  ��-� ( 1971 ) found  a decre a s e  i n  

the  prol i f i c a cy o f  sows kept  i n  da rknes s b ut  i n  contra s t  H a c ker  

��_}__( 1 97 4 ) observed a n  i mp ro vemen t  ,wh i l e  Benkov ( 1 9 74 ) repo rted 

no  s i gn i f i c a n t  d i fference i n  l i t ter  s i ze of  sows exposed  to  16 hours  

of  l i g ht  c ompa red wi th  1� hours . Unfortunate l y ,  most  s tu d i e s  de a l  

w i th t he  effec t of l i g h t  on the g i l t ,  there be i ng a l ack  o f  

c ompa ra b l e d a ta rei a t i n g  to  the sow . 
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I n  res pec t o f  t he effect  of i ntens i ty o f  l i gh t ,  a s  opposed t o  photoperi od 

on  reproduc t i ve peforma nce , there i s  l i tt l e  i nforma t i on  a v a i l a b l e .  

Abro s i mova e t  a l  ( 19 7 1 ) s howed t hat  tre i l l um i na t i on , i n  a v a r i e ty 

o f  l i ght  i nten s i t i es of  both i ncandescent  and f l u orescent  l i g h t s  

d i d  n o t  i nfl uence  t h e  bodywe i ghts  o f  g i l ts .  On the other  hand  

Yurkov ( 1 978 ) recorded a h i gher  number of l i ve born p i g l e t s , hea v i e r  

b i rthwe i g ht s  a nd l ower prewean i n g  morta l i ty i n  s ows s ubj e c te d  to 

l OOl ux  for 1 4  hours da i l y  compared w i t h  60l u x  and  lOl u x  for a 

s i mi l a r  peri od . 



I n  the ma l e ,  there i s  l i t t l e i nfo rma t i on on  the effec t o f  l i gh t i ng  

reg i me on  sperm prod uc t i o n  and q u a l i ty .  Stege r ( 1 97 1 )  no ted that  

the hou s i ng of  bree d i ng  boars und�r dark  cond i t i ons wa s not  

s a ti s factory , i n  t e rms of sperma tozoa  produc t i on , mob i l i ty o f  s pe rm 

e jacu l a te v o l ume or  l i b i do .  Ma z z a rr i  � t a l  l l 968 ) found tha t seme n 

produc t i o n  was d i s turbed i n  a n  e xpe r i ment  compa r i ng boa rs 

s ubj e c ted  to  e i ther  1 6  ho urs or  1 0  hours o f  l i gh t  da i l y .  Dec rea se s  

i n  t o ta l  numbe r of  s pe rm per ej ac u l a te ,  sperm mob i l i ty a nd fe rt i l i s i ng 

c apa c i ty were noted i n  the 1 6  hour , l i ght  t rea tment , a l tho u g h  the 

vol ume per e j a c u l ate  wa s i nc rea sed . 

I n  re s pec t o f  l i gh t  i ntens i ty Y u rkov  ( 1 978 ) noted  tha t s u p p l eme n ta ry 

a rt i fi c i a l  l i ght  fo r 8 hours da i l y  a t  a n  i n ten s i ty of  100  t o  1 50  

l ux had  a benefi c i a l  effect on semen produ c t i o n . I n  two s tu d i es 

( Y u rkov , 1 9 7 6 ; 1 978 ) 100- 1 50 l u x  l i g h t  i ntens i ty compa re d  wi t h  10  l u x 

res u l ted  i n  a h i g her  n umber of  sperm pe r e j a cu l a te a nd a h i g her 

e jacu l a te v o l ume . C l e a r l y  i n  an i ntens i ve l i ve s tock  i nd u s try , 

s uch  a s  p i g prod uc t i o n  s i nce the  dura t i on and  i ntensi ty o f  the 

l i gh t i ng reg i me can  be man i pu l a ted  to  best  s u i t prod uc ti vi ty there 

i s  a n  urgent  need for conf i rma t i on o r  otherwi se  of the l i m i ted 

expe r i menta l data reported i n  t h i s f i e l d .  

4 . 2 Effe c t  of co l d .  

I n  fa rm l i v e s toc k , co l d norma l l y  represents  a sma l l er probl em tha n 

hea t . Mos t  i nvest i ga tors agree t ha t  co l d ha s m i n ima l  effe c t s , i f  

a ny, o n  reproduc t i on i n  t he p i g .  ( Sw i ers t ra and  Ra hnfe l d ,  1 9 72 ; 

Dyck ,  1 974 ) Outs i de t he zone of  thermoneu tra l i ty the d i fference 

between norma l a nd l e tha l  body �empera ture i s  of  the order of 1 5 -2QOC 
" 
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i n  co l d b u t  o n l y  about  3-60C i n  heat  ( B i a nca , 1 9 7 6 ) .  

E xpos u re to c o l d h a s  been fou n d  to i nc rease  the l e ng th of  t h e  o e s t r u s 

cy c l e i n  t h e  r a t  (20 CXDe n i s o n  a nd Za r row , 1 9 5 5 )  a nd d e l ay the  

o n s e t  of  b re e d i n g  i n  mi c e  ( - 3°C ) ( Ba r ne t t  a n d  Man l y  1 96 6 ) .  

Howe ve r , s t ud i e s  c a r r i e d  out  ove r a n  8 ye a r  pe r i o d  by Swi e rs tr a  

a n d Ra h n fe l d ( 1 9 7 2) o n  t h e  reprod u c t i v e  p e rf o rma n c e  o f  a d u l t s ows 

a n d b o a r s  k e p t  o u t d o o r s  i n  C a na d i a n s u b  z e ro w i n te r  c o n d i t i o n s , 

r e v e a l e d n o  a d ve rs e  e f fe c t  of c o l d on o v u l a t i o n r a te , c o n c e p t i o n  

r a te , p re n a t a l s u rv i v a l  o r  l i t t e r  s i z e a n d  n o  d e pre s s i o n o f  

b o a r p e r fo rma n c e . 

I n  a s i m i l a r s t u dy Dyc k  ( 1 9 7 4 ) e x a m i n e d  t he e ff e c t of  c o l d s t r e s s 

o n  o v u l a t i o n  r a te a n d  embryo n i c  s u rv i va l  by h o u s i n g  o n e  g ro u p  o f  

3 7  g i l ts i n  a tempe r a t u re c o n t r o l l ed barn  ( 1 0 - 1 60 C )  and  a n o t h e r  

g ro u p  o f  2 4  g i l t s o u t d o o r s  wi t h  a c c e s s to s h e l t e r  c a b i n s . D u r i n g  

December to Ma r c h ,  where o u td o o r  temp e ra t u r e s o f  - 1 9o c to - 2 6 0 (  

we re n o t  u n c orrrnon c o l d s t re s s  d i d  n o t  a ffe c t  o vu l a t i o n  ra te o r  

e mb ryo n i c s u r v i v a l . 

I n  t h e  b o a r ,  H a c ke r  e t  a l  ( 1 97 1 )  s h owe d tha t e x po s u re to e x c e s s i v e l y 

c o l d c o n d i t i o n s d u r i ng t h e  p re p u be r t a l s t a g e  c a n  l ea J  t o  t e s t i c u l a r  

hy p o p l a s i a a nd d e l aye d o n s e t  o f  p u be r ty. I n  v i t r o  e x p e r i me n t s  on 

f ree z i n g  s eme n fo r a rt i f i c i a l  i n s em i n a t i o n  ( A. I . )  h a v e  s h own that 

s pe rm fe rti l i ty may be a ffec ted ( He s s  et a l  , 1 9 5 7 ; Hof fma n , 1 95 9  

Ba i er 1 962 ) . T h e s e  s tu d i e s  s u g ge s t  that , wh i l e  d i rec t c o l d o n  s eme n 

may s er i o u s l y  a ffec t  reproduc t i ve  c a p a c i ty ,  the  a n i ma l s body c a n  
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b u ffer c o l d s tres ses  t h a t  may b e  i mp o sed . b y  t h e  env i ronmen t . ( Swi e s tra 

a nd Ra h nfe l d 1 9 7 2 ) .  The e xte nt  of  to l erance  to c ol d d e p e n d s  to a 

l a rge e xte n t  o n  l eve l  a n d  qua l i ty of  the  d i et , de gree of  i n s u l a t i on 



o f  t he s u pe rfi c i a l t i s s u e s  of the body and be hav i oura l re spon se s . 

Mo reove r these  factors  wh i ch a re des i ra b l e i n  l i ve stock name l y , 

a h i gh rate o f  g rowt h  a nd h i gh reprod u c t i ve  pe rformance a re 

a s s oc i a ted  wi t h  a h i g h metabo l i c  rate  a nd hence a hi gh  hea t produc t i on  

wh i c h i s  co nd uc i ve to a h i gh to l era nce to co l d .  

4 . 3  Effect  o f  heat 

Hea t refers to  those env i ronmenta l  e l ements  wh i c h e i the r i nterfe re 

wi th  the d i s s i pat i o n of body heat  to t he e n v i ro nment  ( h i g h amb i en t  

tempera ture a n d  humi d i ty )  o r  wh i ch i mpose a n  externa l hea t l oa d  o n  

the an i ma l  ( so l a r ra d i a t i on ) .  The more heat  an  a n i ma l  produces  

i n terna l l y by i ts meta bo l i sm the l e s s  i ts capac i ty of  to l erat i ng 

externa 1 hea t .  

4 . 3 . 1  Fert i l i ty .  The de l eter i o u s  e ffects  of  h i gh amb i e nt  tempera ture 

on  fe rt i l i ty have be en  noted i n  herd s tudi e s . Those wh i c h recorded 

seasonal  var i a t i ons  i n  herd fe rti l i ty con s i dered i t  to be  the 

resu l tant  e ffect  of h i g h  temperatu re s  at a c r i t i ca l  t i me i n  the 

reproduct i ve p roce s s , s uch  a s  the wea n i ng - rema t i ng  peri od  or  

pre i mp l a n ta t i o n  s tages  ( Grandh i  e t  a l ,  1 977 ; Ba k ker  and  Dav i e s , 1 97 2 ; 

S tone, 1978 ) . 

I n  s tud i e s  where deta i l ed meteoro l o g i c a l  rec ords were a va i l a b l e ,  

the  sea sona l  i nferti l i ty pattern c o i n c i de d  wi t h  a n  e l evat i on  i n  

amb i e n t  temp e ra ture a t  s pec i f i c s tage s  i n  the  re product i ve cycl e .  

The ambi e n t  tempera tu re a t  wh i ch rep roducti ve i neffi c i e ncy may 

become e v i dent  vari es  wi t h  the i nd i v i dua l and  the herd s i tua t i on ,e . g .  

n u tr i ti ona l  s tatu s  and s tandard o f  h ou s i n g a n d  a l so upon  the  

d u rat i on o f  t he  hea t s tres s . Des p i te these  va r i ants , herd s t ud i e s  
·, 
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i n  countr i es a s  far a part  a s  Ca nada , N i ger i a ,  South  Afri ca , Au s tra l i a  

a n d  Eng l a nd have  a l l re ported that  t he f i r s t  t i me i n  each yea r  

the month l y  average outdoor tempera t u re exceeded 2 1  to 2 5°C  

reproduc t i ve i ne ffi c i ency became appa re n t . 

Stud i es i n  temperate countri es  have i nd i cated that  a ma x i mum outdoor 

tempera ture , j u s t  above 2 0° C  i s  s uff i c i ent  to tr i gger a l owered 

reproduc t i ve res ponse ( S tork , 197 9 ; Gra n dhi et al , 1 9 7 7 ) . I n  

t rop i ca l count r i es s i mi l a r s tud i es ha ve i mp l i ed that a l though  

t h i s amb i en t  tempera ture i s  suff i c i e nt  to i n terfere w i t h  

reproduc t i ve pe rforma nce there i s  no ma rked effec t  un t i l va l u e s  for 

o utdoor tempe ra ture a re i n  the range 30 to 4ooc ( S te i n b a c h , 1 9 73;  

Rob i nson and van N i ekerk , 197 8 ;  Love , 1 9 78 ; Pa terson et _§_l , 1 9 78 ) .  

I n  t he sow , re p rod uct i ve effi c i e ncy may be a ffec ted thro ugh  a d i rect  

i nf l ue nce of  h i g h  amb i ent  tempera tu re o n  age  and  we i gh t  a t  on set  

of  puberty , oes trus  cyc l e  chara c ter i s t i c s , ovu l at i on ra te a n d  on  

pregnancy and  l a c tat i on . 

4 . 3 . 2  Puberty :  Heat  s t re s s  effec ts o n  the  a tta i nment of p ube r ty 

i n  g i l ts have been reported by Jensen  et  a l  ( 1 97 0 )  who observed  

oestrus  symptoms i n  o n l y  two out  of ten  heat s t re s sed g i l ts at  

about  the ten t h  month  of  a ge . However , wi t h i n two week s  fol l owi ng 

remova l  of the heat s t re s s ,  the rema i n i ng g i l ts had s h own oestrus  

a nd we re b re d . Ste i nbach  ( 1 973 ) , from stud i e s conducted  i n  N i ger i a ,  

conc l uded tha t g i l ts ,  wh i c h  had mos t o f  the i r  g rowth dur i n g  o u tdoor 

temperatures of 28°C and a bove , s howed retarded body deve l o pme n t .  
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Th i s  wa s att ri b uted to a reduc t i on i n  feed i ntake i n  t he hot  cond i t i o n s . 

4 . 3 . 3  Cha ra c ter i s t i cs  of the oestrus  cyc l e :  There i s  e v i dence from 

stud i e s  conducted  i n  c l i ma t i c c h ambe rs  and i n  the fi e l d th a t  e xpos u re 
'" 
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o f  sows to hot cond i t i o n s  can adve rs e l y  a ffec t severa l  c haracte r i s t i c s  

o f  t h e  oes trus  cycle . 

Teague e t  a l  ( 1 96 8 ) re ported that "ex p o s u re to amb i ent  tempe ra tures  

o f  JOOC  or  33 . 30C  for  one oe s t rous cyc l e ,  i n  c l i ma t i ca l l y  contro l l ed 

c hambers res u l ted i n  an  i nc re as i ng prop o rt i on of  g i l ts , (up to 

10% of 80 g i l t s a t  3 3 . 3°C ) fa i l i ng to s h ow s i gns  of oe s trus  for 

the d u ra t i on  of  t he t rea tme n t . Warn i c k  e� (1965 )  ob served t h a t  

t h ree  of th i rtee n g i l t s exposed  to  a con stant  tempe ra tu re of  3 3 . 30 C  

fo r 3 6  days , i n  a c l i ma t i c c hamber d i d n o t  return to oes tru s . F o l l owi ng 

s l aug hter of the g i l ts ,  i t  wa s observed  that  re cent corpora l u tea  

were  pre sen t , a n  i nd i cat i on  t ha t  ovu l at i on w i tho u t  oestrus h a d  o c c u rred 

( Wa rn i c k et a l , l 965) .  Whe the r t he effe c t  o f  a h i gh ambi e n t  tempe ra ture 

o n  oe s t rus behav i ou r  re s u l ts from a n  a noe s trus  o r  s uboes trus condit i on 

i s  u n ce r ta i n . S te i nbach ( 1 976 ) reported a 10% h i g her i nc i de n c e  of  

a noe s trus  i n  g i l t s duri ng  the  hotte s t  month  of  the yea r  ( me a n mont h l y  

temperature 28°C ) .  Dura t i o n  o f  oe stru s  wa s found  to b e  nega t i ve l y  

a s s oc i a ted wi t h  amb i ent  tempe rature ( Ste i nbach  1 9 76a ) . The l a tter  

a l s o  obs erved  var i ati on i n  endome tr i a l  wate r content  a nd  a s i gn i f i c a n t  

decl i ne i n  ce l l he i g h t  of  the  ov i duc t  wa l l  w i th  i ncrea s i ng  a i r 

tempera ture , a n  i nd i cat i o n  o f  an  anoe s trus  cond i t i on .  T h i s i s  i n  

c o ntra s t  to Warn i c k e t  a l  (1965 ) .  Var i a t i on i n  o n set of  oe s t ru s  was 

not  observed by Edwa rds  e t  a l  (1968) n o r  by d ' Arce et  a l  (1970) 

who i n  the i r s t u d i e s  wi t h  g i l ts conf i n e d  them i n  hot chambe rs . 

d ' Arce e t  a l  ( 1970 ) and M i s kov i c  e t  a l  ( 1978 ) found  no  s i gn i fi ca n t  

c h ange i n  t h e  l ength of  t h e  oes trou s  cyc l e  res u l ted from expo s u re 

o f  g i l ts to h i g h  tempe r·a t ures  ( a bove 330C ) . 



I n  contra s t  to  those  f i nd i ng s , E dwa rds  e t  a l  ( 1 968 ) reported a 

l e ngthen i n g  of  the oestrous  cyc l e fo l l ow i n g  da i l y e x p o s u re of  

g i l ts ( 1 7 h o ur s ) to 38 . 9°C a n d  3 2 . 2°C ( 7  hours ) amb i e n t  tempe ra ture 

fo r o ne oestrous  cyc l e .  Al though  severa l deaths  occ u rred wh i ch were 

d i r e c t l y  a ttri b u tab l e to the h i g h  tempe ra ture cond i ti ons , mea n 

o e s t rous  cyc l e l e ngth  of  the  rema i nder  wa s o n l y two days l onger  

th a n  norma l . 

W i th reg ard  to the  wea ned  sow , there doe s not  a p p e a r to be a ny 

de ta i l ed i nforma t i on on  the  effect o f  amb i en t  tempera t u re on  t h e  

d u ra t i on of  t h e  we a n i n g to rema t i n g  i n terva l . I n  re s p e c t  o f  

r e l a t i ve h u mi d i ty ( RH )  Lyn c h  ( 1 9 7 7 )  ,u s i ng 2 4  s ov1s pe r treatme n t , 

c ompa re d  two l e ve l s o f  re l a t i ve h umi d i ty ( 7 5 -80% ) a nd (65 - 70% )a t zy oc .  

Re l a t i ve h um i d i ty l e ve l d i d not  s i gn i f i c a n t l y  a ffec t t he  l e ngth  

o f  t he wea n i n g  t o  ma t i n g i n te rv a l  ( 5 . 4  days  a t  h i g h RH compa red w i th  

6 . 1  days at  l ow RH ) .  

4 . 3 . 4  Ov u l a t i o n rate : I n  the ma j o r i ty o f  s t ud i e s re l a t i n g  

amb i e n t  tempe ra ture a n d ov u l a t i on ra te , a s  de te rm i ne d  by c o rpo ra 

l u tea l cou n t ,  no  s i g n i f i c a n t  trea tme n t  e ffe c t  h a s  been  note d . ( D ' A rce 

e� , l 970 ;  Ed 1vards  e t  �1 96 5 ; Wa rn i c k e t  a l  , 1 965 ) .  Hov1e v e r , trends  

s hown for  ovu l a t i on ra te to be  l owe r a t  the  h i g her tempe ra ture s 

co u l d we l l h a v e  been  s i gn i f i c a n t  h ad  l a rge r  n umbers of  a n i ma l s been  

on  e xper i men t . I n  f a c t , Tea gue  et  a 1 , ( 1 968 ) report i n g  re s u l t s 

o n  240 g i l ts ,  whe re a s er i es of f i xed tempe ratures  we re i mposed  

ove r one oe s trou s  cyc l e  pr i o r to breedi ng , o b served reduced  

ov u l at i on  ra te s a t  tempe rat ure s  a bove  270C wi th the  l owe s t  co rpora 

l u tea count  be i ng  at t he h i g he s t  d ry bu l b  and dew po i n t temperature s . 

Howeve r ,  dewpo i nt tempera ture a l one  d i d  not s i g n i fi ca n t l y  i nf l uence  

o vu l a t i on  r ate . 

53 



Mos t  o f  the  work re ported on  amb i e n t  tempe ra ture a nd o vu l a t i o n  

rate h a s  b e e n  d o ne i n  c l i ma t i c chambe rs  f o r  a re l a t i ve l y  s hort  

pe r i o d  at  a co n s ta nt temperature . A l though  t h i s re sea rc h  i s  

v a l u a b l e  i n  o u t l i n i n g ba s i c  mechan i sms , re s u l t s  c a nn o t  re a d i l y 

be i n terpre ted i n  terms of  a n i ma l  res p o n s e  to na tura l c l i ma t i c 

con d i t i on s  whe re t hey may become a c c l i ma t i zed  over t i me .  Reprod u c t i ve  

a da p t i o n  to  l o n g  t e rm hea t e xpos ure ha s been observed i n  ra t s  

( Ko tby a nd John s o n , 1 962 ) a nd i n  ewe s ( Thwa i tes , 1 96 7 ) .  

As for n a tu ra l l y  v a ry i ng t rop i ca l  tempe ra ture s  ( 24 -3 QO C ) a re 

c once rned the re i s  no i nd i ca t i on of  a d e c l i ne i n  ovu l a t i on ra te 

even  i n  severe l y  hea t s tressed  g i l t s ( S te i nbac h ,  1 976 ) .  Where 

amb i e n t  tempe ra t u re has  i n f l uenced o vu l a t i o n ra te , the e ffe c t  may 

we l l be  an i n d i rec t  one . I t  i s  'de l l k novm t ha t  feed i n t a k e  i s  

reduced  a t  h i g h a mb i e n t  tempe ra t u re s  ( Edwards �!_� , 1 968 ; 

Tea g ue �t�, 1 9 6 8 ) . Wh i l e  a n  i nc rea s e d  l e ve l o f  feed i ng pr i o r  

to ov u l a t i on i n  t he g i l t  fa vours a h i g h e r  prod uc t i on o f  ova . I n  

respect  o f  the  g i l t ,  Edwa rd s �� ( 1 968 ) reported  tha t a n i ma l s 

e xposed  to a h i g h  tempe ra t u re ( 38°C ) i n  a c l i ma t i c  c harnb e r  s u ffered  

se vere l o s s  o f  a p pet i te d u r i n g  c o n f i neme n t  compa red w i th  fuo s e  k e p t  

a t  2 30 ( . S i mi l a r fi n d i n g s  h ave b e e n  repo rted b y  Hei tma n et  a l  ( 1 9 5 1 ) , 

C ul v e r  ( 1 961 ) a n d  Jen sen  ( 1 963 ) from the i r work  i n  c l i ma t i c ch ambe rs . 

I n  s u p port  o f  t h e  v i ew t h a t  a reduced  o vu l a t i on ra te i n  h o t  c o nd i t i ons  

res u l ts from a l m'lered appet i te f·k Gi l l i v ray e t  a l  ( 1 962 ) a nd Ra y  

a n d  McCarty ( 1 96 5 )  found  a dec l i ne i n  o v u l a ti on rate fol l ow i n g  a 

red u c t i on of mea l  i ntake  fo r a s hort  t i me befo re on s e t  o f  oes t r u s  

a nd ovu l a t i on  i n  g i l ts .  

4 . 3 . 5  Fe rt i l i s a t i on ra te : Data re l a t i n g  to the effe c t  o f  e l e va ted 

amb i e n t  temp e ra t u re on  ' fe rt i l i s a t i on  ra te , i n  the  p i g ,  a re s pa r s e . 
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Teague  e t  a l  ( 1 968 ) repo rted that  exp o s u re of  g i l ts to 3 5°C fo r ---

2 4  hou rs on the f i r s t  day after ma t i n g  res u l ted i n  1 3 . 2% fewe r 

v i a b l e embryos a t  the  2 5 th day o f  pregnancy than  i n  contro l  

s ows e xposed to  1 5 . 5°C fo r the  same peri od of  t i me ,  a l though  

the  d i fference wa s n o t  s i g n i f i c a n t . 

More spec i f i c  da ta o n  d i rect  re l a t i o n s h i p s  between  h i gh amb i ent  

temperature dur i n g  ma t i n g  a nd subsequ en t fe rt i l i s a t i on ra te h a ve 

emerged  from s tud i es on  a va r i e ty of a n i ma l s . ( Wa i tes , 1 9 73 ; 

U l berg  and  Sheean  1 9 73 ) . Dut t  ( 1 96 3 ; 1964 ) fou nd that ewes p l a ced  

i n  a room wi th  the tempera ture  at  3 2 . 2°C  j u s t  pr i or to  t i me o f  

expec ted ma t i ng , h a d  a decrea sed  fe rt i l i s a t i on ra te . R i ch  a nd 

Al l i s ton  ( 1 970 ) a l s o  re ported that fe rt i l i s a t i on  ra te wa s reduced  

when  ewes were exposed  to hea t stre s s  a t  ma t i ng ( 2 1 . 1 ° C  to 32 . 20C  

amb i en t  tempe ra tu re ) ,  but  not  s i g n i f i c a n t l y  s o . 

As fe rt i l i s a t i on rate depends  u pon both o v a  a nd s pe rm ,  the e ffec t  

5 5  

of amb i ent  tempe ra ture  on  s emen q ua l i ty mu s t  rece i ve some cons i de ra t i on . 

Ob serva t i ons  on  ra b b i ts have i nd i ca ted tha t sperm can be i nf l u enced  

by e n v i ro nme nta l  cond i ti ons p r i or  to  fer t i l i sa t i on i n  s u c h  a way that  

they reta i n  the i r fe rti l i s i ng capac i ty b u t  contri bute to  s u bseq uent  

embryo morta l i ty p r i or to  i mp l a n ta t i on ( Wa i te s , 1 976 ; Howa rth  et  a l , 

1 96 5 ; Th i bg u l l  e t  a l  1 966 ) . The l a ck  o f  i nves t i gat i ons  i n to the  
' 

effe c t  of hea t s tre s s  a t  ma t i ng on fer t i l i sa t i on rate i n  the  p i g 

i s  p re s uma b l y  d ue  to  t he h i gh fe rti l i s a ti o n  ra tes i n  th i s  s pec i e s 

a s  s hown by Squ ie r. s et a l  ( 196 5 ) ; Se l f et  a l  ( 1955 ) a n d  Ha i nes  e t  a l  

( 1959 ) among  others . 



4 . 3 . 6 Embryon i c  Surv i va l : The re i s  genera l a g reement  that  a 

h i g h  amb i en t  tempe ra t u re h a s  a de tri menta l  e ffect on  embryon i c  

s u rv i va l , but  the ma g n i tude of the  e ffe ct  i s  s ubject  to v ar i a t i on . 

Fo l l owi ng  expos ure of g i l ts to a n  envi ronme n t a l  tempe ra ture of 

32oc from 11 days pr i o r  to bree d i ng u n t i l s l a ugh te r at 25 days 

post mat i ng ,  Wa rn i ck et al  ( 1 965 ) reported a dec rease  i n  l i ve 

embryos b ut  the effec t wa s not s i g n i fi c a nt . A s i mi l ar re s u l t wa s 

obta i ned by Mi s kov i c  e t  a l  ( 1 978 ) who noted t h a t  expos ure to 

amb i ent  tempera ture s  of 33 to 42°C over one oestrou s  cyc l e  a nd 

the fi rs t 24 to 28 days of pregna ncy d i d not s i gn i fi ca n t l y  i n fl uence 

the numbe r of l i ve emb ryos . Tea g ue et  a l ( 1 968 ) compa r e d  g i  l ts ,  

confi ned  a t  d i ffere n t  tempe ra ture s , from one oestrous p r i o r  to 

b reed i n g  u nt i l s l a ug h te r , pos t ma t i ng . L i ve embryos at  2 5  days 

ranged from 8 . 4  at 33 . 3°C dry b u l b and 28 . 90C dew po i n t to 1 1 . 2  a t  

30°C dry b u l b and  2 0 . 2  dew po i n t . Al thou gh  the  di fference i n  

the n umber o f  emb ryo s wa s not s i gn i f i ca n t ,  i t  confi rms the t r e n d  

noted  by  Wa rn i ck e t  a l  ( 1 965 ) . I n  the st udy of  Teague et  a l  ( 1 968 ) 

dew po i n t tempe rature a l one d i d not  have a ny i n fl uence o n  embryo 

s u rvi v a l . The tende n cy for a decreased embryon i c s urv i va l  \vi th  

i ncre ased  amb i ent  temperature has  a l so been  re ported fo r o ther 

5 6  

s pec i e s . Both Yeates ( 1953 ) and U l berg · ( 1 9 58 ) have shown de te r i me n ta l  

effects  on  embryo s urv i va l i n  ewes s ubjected  to  h i g h  ambi e n t  tempera t u re s  

befo re o n s e t  o f  oes t ru s . 

I n  the  p regnant  fema l e ,  the i nf l uence of h i g h  tempera ture on 

embry o s urv i va l  h a s  rece i ved s ome a tten t i o n . I t  ha s been s hown 

t hat  a tempera t u re s tre s s  for a s hort peri od  of t i me i mmed i a te l y  

pos t ma t i n g  can br i n g  a bout  fa i l u re o f  deve l o pmen t  o f  the fert i l i se d  
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ovum . Edwa rds e t  a l ( 1 968 ) found  t hat  e xpos u re of g i  l t s to hot 

cond i t i o n s  from the l s t  to the 1 5th  day of ge s ta t i on ( a t  38 . 9°C 

for 1 7  h o urs da i l y  a n d  32 . 2oc fo r t he rema i nde r )  res u l ted i n  

l ov1e r  conce pt i on rates  a n d  a l so  s i gn i f i c a nt ly  fewe r v ·i ab l e  embryos 

when compa red  wi th s i mi l a r heat  s t ress  i mpose d  duri ng 15 to 30  days 

post  b ree d i ng  or 3 to 5 days pr i or to breed i ng .  The re s u l t s  

i nd i c a te d  that  hea t  s tress  d ur i ng  e a rl y ges ta t i on i s  of g re a te r  

s i gn i fi ca nce i n  re spec t o f  embryon i c  mor ta l i ty tha n ei the r pr i or  

to  breed i ng  or pos t i mp l an ta t i on . However , the  tempera tures  to 

wh i c h the  p i gs were e x posed we re ex treme l y  seve re a nd caused  

severa l death s . S i m i l a r  re s u l ts \>Je re reported by Tornpk -i n s e t  iD_ 

( 1 96 7 )  for sows , i n  cond i t i ons hot  enough to c ause some deaths . 

S i gn i f i c a nt i ncrea se s  i n  emb ryon i c  morta l i ty \•/e re reported i f  a 

5 day hea t stre s s  ( 36 . 70C ) wa s a pp l i ed on  the  d ay a fte r ma t i n g  

but  not on  day 20  p o s t  ma t i ng . When sows we re e xposed t o  t he same 

heat  s tress  for a s h o rte r pe ri od of t i me ( 24 o r  48 ho urs ) on the 

fi rst  or  twe nt i e th  day of ges t a t i on the re wa s a decrease  i n  the 

pe rce nta ge of v i a b l e embryos . Thus , i t  a p pe a rs that e l e v a ted 

amb i en t  tempe ra ture h a s  an a dverse effec t  on  embryon i c  s u rv i va l i n  

sows , i f  therma l s tres s i s  a pp l i ed du r i ng  the  f i rst few days post  

mat i ng . 

Fu rthe r i nforma t i on ·  i n  s upport of a detr i menta l effec t of h i g h  

amb i en t  tempera t u re o n  the pre i mp l a n ta t i on embryo come s from Omtvedt  

e t  a l  ( 1 9 7 1 ) .  G i l ts s ubjec ted  to  hea t  s tres s  ( 37 . soc for 1 7  hours  

da i l y fol l owed by 32 . 20C for 7 hours ) for  e i the r 0 to 8 days  or 8 

to 16 days pos t  bree d i n g  tended to ha ve l owe r concept i on  rates 

and  fewe r v i ab l e embryos  at 30 days  post  breed i ng tha n g i l ts conf i ned  
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t o  con tro l  chambe rs ( 2 3 . 3°C )  over the same peri od . I n  re s pe c t  of  

n o rma l ret u rn s  to oe s t rou s  Omtvedt e t  a l ( 1 97 1 ) found tha t 6 out  

of  1 4  g i l t s s ubjected  to heat  s tres s  i mmed i a te l y fol l owi ng  b reed i ng 

(0  to 8 days ) d i d not  ho l d to serv i ce .  I n  a second  group  14 

g i l ts , s u b j ec ted to a s i mi l a r he a t  s tre s s  8 to  16  days po s tma t i n g , 

on l y 3 re t u rned to oe s t r u s . I n  a contro l  group  ma i n ta i ne d a t  a n  

a mb i en t  tempera tu re of  2 3 . 30C a l l a n i ma l s h e l d to f i rst  s erv i ce . 

Omtvedt et�.( l 97 1 )  fou n d  that  the g reate s t  red u c t i o n  i n  v i a b l e 

embry o s  wa s among g i l ts s t re s sed  8 to 16  days post  breed i ng ( 4 1 . 9% 

c ompared w i th 20% for t h e  0 to 8 day stre s s  pe r i od ) ,  a n  i n d i c a t i on  

that  the i mp l anat i on pe r i od may be the mos t  c ri t i ca l  one  i n  

respect  of embryon i c  s u rv i va l . Th i s  i s i n  ag re eme n t w i th  Wa rn i c k 

e t  a l  ( 1 9 68 ) ,  w ho re ported  a de l e ter i ou s effect  on embryon i c  s u rv i v a l  

where a h i g h tempe ra t u re was i mposed  after embry os entered  the  

u terus . Emb ryon i c  s u rv i  va 1 i n  g i  l ts  kept a t  3 2 . zoc u n t i  1 3 day s 

pos t b ree d i ng  t he n  a t  1 5 . 50 C  u nt i l  the 2 5 t h  day post b ree d i ng  wa s 

compa red w i th g i l ts kept  a t  1 5 . 5°C u n t i l day 3 post  b reed i n g a nd 

t hen 32 . 2° C u n t i l d ay 2 5  pos t  b reed i ng . Fol l owi ng s l a u gh te r  o n  the 

2 5 th d a y  pos t ma t i ng , g i l ts on the  forme r trea tment had 1 1 . 6  v i a b l e 

embryos , on  a ve rage , c ompa red wi t h  13 . 6  for the  other tre a tment . 

Th i s s u g ge s ts tha t the peri od a fte r the embryo has  entered  the 

uterus i s  the more c r i t i ca l  one i n  respec t  of heat stre s s .  I n  

s upport , work  done by N e l sm e t  a l_  ( 1 970 ) a l s o  s h ows tha t embryos 

a re more s uscept i b l e to heat s tress  duri n g  the peri od of i mp l a ntat i on 

tha n i mmed i a te l y  fo l l ow i ng  breedi n g . 

These exper i ments  confl i c t wi th  s i mi l a r ones  wh i ch have exam i ned 
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the hea t s tre s s  peri od i n  e a r l y  pregnancy i n  ewes . U l berg  and  

Bu rfen i ng ( 1 96 7 )  re ported tha t the  embryo i s  mos t  sens i t i ve to t he 

effects  o f  h i gh amb i ent  tempera t ure dur i ng  the fi rst few days a f te r  

ma t i ng when i t  i s  s t i l l  i n  t h e  o v i d u c t .  Ewe� s ub ject  t o  h i gh  

a i r temperatures  a t  the t i me of ma ti n g  had a reduced re p roduct i ve 

ra te , re s u l ta n t  from a n  i nc re a s e  i n  embryo n i c  dea t h . I n  the i r  

s tudy i nvo l v i n g hea t  s tre s sed a nd cont ro l ewe s , the re wa s a tra n s fer 

of ova  before entry i n to the u te rus . Ova t ra n sferred ft�om hea t  

s tres sed  ewes su bseq uent ly  h a d  a n  i nc rea sed death ra te , a n  

i nd i ca t i o n  that  damage  had occurred before entry i nto the uteru s . 

Fo l l owi ng  ova tra n s fe rred from c ontrol an i ma l s to heat  s t re s sed  

a rea s , the death  rate  wa s ma rked l y  l ower .  

Stud i e s  i n vol v i n g exposure to he a t  wh i ch ,  i n  some cases  re l a ted 

to very h i g h env i ro nmental  tempe rature s , have produced l i t t l e or  no 

effect  on swi ne rep roduc t i on  dur i ng mi d pregna ncy ( 1 5 to  90 days 

post partum )  ( He i tman et� 1 95 1 ;  Ed�l/a rds  e t  a l  ,1 968 ; Tornpk i n s 

e t  a l, 1 96 7 ;  Omtvedt  et  a l  ,1 9 7 1 ) .  

By the  l as t  two week s  of pregna ncy t he s i t ua t i o n , a s  re g a rd s  h e a t  

s t re s s  o n  re produ c t i ve eff i c i ency may \'Je l l h ave c ha nged . Omtvedt  

et  a l  ( 1 9 7 1 )  re por ted  tha t wi t h  g i l ts exposed  to h i g h  temperatures 

( 37 . 80C  for 17  hours  and 32 . 20C for 7 hours  da i l y )  fo r 8 days 

from the  102nd to the 1 1 0th  day of  pregna ncy , a l most  h a l f of the 

p i g l e t s  i n  each l i tter were dead at b i rth . Whether the se  l os se s  

occ urred a t  the t i me o f  a c t u a l  heat  s tre s s  or  were the re s u l t of 

subseque n t  pro l onged partur i t i on wa s not  c l ear . No other  reports  

rel a ti n g  to  th i s  pe r i od  of  pre g n ancy have  a ppea red i n  the  l i terature . 
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Sho u l d t h i s be a rea l  e ffec t ,  a ra pi d i nc re a se i n  s u s ce p t i b i l i ty 

to hea t s t res s dur i ng the term i n a l  week s  of  ge s tat i on i s  proba b l y  

due t o  the i nc rea sed meta bo l i c  he a t  produ c t i o n  obse r ved to  o c c u r  

by  Vers tegen  � ( 1 97 1 )  amonq  o t hers and  wh o se  ma g n i t u de h a s  

been c a l c u l ated by M i tche l l ( 1 962 ) .  I t  h a s  been o bserved i n  

t rop i c a l  f i e l d s t ud i e s tha t sow deaths  from hea t s troke oc curred 

o n l y  i n  a n i ma l s s ubjected to h i g h  tempera ture comb i ned wi th  h i g h  

h umi d i ty d u ri ng t h e  f i na l s tage  of  pregnancy . T h e  percen ta ge 

of s t i l l b i rths wh i c h occ u rred d u r i ng the hot  h umi d mon t h s  wa s 

reported to  be 5 to 6% h i g he r  than  at  othe r t i mes  of  the year  ( Ste i n ­

bach, 19 7 3 ) . 

O v e ra l l ,  wh i l e  the re i s  gene ra l  a g reement that  hot cond i t i ons  a re 

not conduc i ve to a h i g h embryo s u rv i va l ra te i n  t he p i g ,  the 

6 0  

c r i t i ca l  per i od  whe n embryo morta l i ty occurs , def i e s  a c l ea r  defi n i t i on . 

4 . 3 . 7  L i t ter we ight : I t  appe a rs that  embryos g row s l ow l y d u r i n g  

the fi r s t  two-t h i rds of  pre gnan cy a n d  very ra p i d l y  the rea fte r . ( Co l e 

a n d  Cupp s , 1 977 ) .  Thu s ,  i t  seems feas i b l e  that  the i n fl u e n c e  of 

heat s t re s s  on emb ryo growth i s  not  g reat  i n  ear l y pre g n a ncy but  

cou l d b e  cons i de ra b l e  i n  the l a te r s ta ges  of  gestat i on . Neverthe l es s  

severa ·l c l i ma t i c chambe r s tu d i e s  h a v e  reported tha t g i l t s exposed 

to hea t s t res s  ( 30 to 40°C )  at v a ri ous  s ta ges  i n  ear l y p re gna ncy 

( up to 30 day s ) tended  to have sma l l er embryos at s l a u g h ter ( wh i c h  

wa s u s u a l l y  a t  the 25th  day o f  g e s ta t i on ) c ompared wi th  those  confi ned 

at  muc h  l ower tempera tures ( Edwa rds e t  a l  1 968 ; Ne l son , l 970 ; 0m tvedt 

e t  a l , 1 97 1 ;  Wi l dt e t  a l  ·19 7 5 ) .  



Unfortu nate l y  data re l a t i ng to the  e ffect  of heat stre s s  i n  

l a te pregnancy a re s parse . Howeve r ,  i n  one expe r i men t ,  whe re 

g i l ts were s u bjected to heat stre s s  l a te i n  pregnancy ( day 102  

to  1 10 a t  3 7 . 8°C fo r 17  hours  fo l l owed by 3 2 . 2°C fo r 7 hours  da i l y )  

b i rthwe i g h t s  tended to  be l owe r compa red wi th  t hose of the contro l 

group ( 23 . 3° C da i l y )  but  not s i gn i f i cant l y s o  ( Omtvedt e t  a l  , 1 9 7 1 )  

Ove ra l l ,  th ere i s  ge nera l  agreemen t  that i n  the pi q hea t s t re s s  i n  

ea r l y  pregnancy i s  detr i men ta l to embryo s urv i va l  , thi s be i n g ma n i fes t  

i n  a re duce d fa rrowi ng  ra te or  sma l l e r l i tte r  s i ze ( f i g  4 ) .  The 

effect of heat  stre s s  i n  l a te preg nancy i s  l e s s  c l ea r ,  t hough  l i mi ted 

ev i dence i nd i cates  an i nc reased n umbe r of s t i l l b i rths and  a 

reduct i on i n  b i rthwe i ghts . 

4 . 3 . 8 Mode of a ct i o n  of hea t s t re s s :  Whether  heat s tre s s  i n  

the sow has  a d i rec t  e ffec t o n  t he conceptus o r  the a c t i o n  i s  

i nd i rec t ,  re su l t i ng from phy s i o l o g i c a l  d i sturba nces such  a s  

endocr i ne i mba l a nce , i s  unknown . Observat i ons  wi th sheep h a ve 

demons t ra te d  the s u s cepti b i l i ty of  the fert i l i sed ova to d i rect  

tempera tu re stress  ( U l berg and  Bu r fen i ng , 1 96 7 ) Extremes o f  both 

h i gh a nd l ow tempera ture appl i e d d i rec t l y  to the eggs of  a numbe r 

of s pec i es before or  soon a fter fe rti l i sa t i on have re s u l ted i n  

i rreg u l a ri t i es ,  s uc h  a s , a h i gh i nc i dence of  po lyspermy ( Wa i tes , 

1 968 ) . The  ma j ori ty of  expe r i me n t s , however ,  have bee n  conducted 

i n  v i t ro a n d  thus  do not s i mu l a te cond i t i on s  wi th i n  the reproduct i ve 

trac t . 
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Perrod of Preg n a n cy 
P�riod of Stress 

A= one oes t ro u s  cycl e prior to ma t i ng 
up to ma t i ng 

B= Da y  one to 5 i ncl usi ve po s t -ma ting 

C= Da y  one to 8 

D= Da y  one to 1 5  

E= Da y  8 to 1 6  

F= Da y  1 5  to 3 0  

.. 

.. 
G= One oestrous cycle pri or to ma ti ng 

u n ti l 25th da y post ma ting 

H= Day 53 to 6 1  " 

I= Da y  81 to 8 5  " 

J= Da y  1 02-1 1 0  .. 
* = si gnifica n t  di fference 

• " 

• 
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Edwa rds et al (1 968) 

Tompk i n; e t  a l  (1 96 7 )("P< 0 . 05 )  

Omtvedt e t  a l  (1 971 ) (*P< 0 . 01 )  

Edwards � (1 968 ) (  *P< O . Ol )  

omtvedt e t  a l  (1 971 ) ( *  P< 0 . 01 )  

Edwa rds e t  al (1 968) 

Edwa rds e t  al (1 968) 

Ont:vecl: �t a l  (1 971 ) 

Heitman et al (1 951 ) 

Orrevedt e t  al (1 9 7 1 )  ( * · P < 0 . 01 )  

FIGURE 4 :  Varia tion i n  the survi val o f  porcine embryos and foetuses due 
to the effect of prolonged tempera ture stress a t  preci se s tages 

of the oestrous cycl e and pregnancy . 



I n  a ttempts to d i s t i n g u i s h  be tween  the  d i rec t  a c t i on of hea t on  

the  ova , a s  d i s t i nc t  from the  uteru s , ova  have  been  tra n s p l a n ted 

from heated  or unhea ted  donor s heep and rabb i ts  i n to the u terus  

of  heated  or  unheated rec i p i ents . No d i ffe rence wa s found  i n  

the  v i a b i l i ty of u n fert i l i sed s heep  ova  tran s ferred from 

donors ma i nta i ned  a t  2 1 . 1 oc or 32 . 2° C to ma ted rec i p i en t s . 

Howeve r ,  the  rec i proca l t ran sfe r  of  fe rti l i sed  ova  i nd i c a ted th a t  

the rep roduc t i v e tra c t  of  ewe s ma i n t a i ned a t  32 . 20C  pro v i ded a 

l e ss  fa voura b l e env i ronme n t  for embry,o devel opment  than d i d  the 

tract o f  ewes ma i nta i ned a t  2 1 . 1oc ( Woody and U l berg , 1 964 ) . I t  

wa s conc l u ded  by these and  other a u t hors ( U l berg a nd Burfe n i n g , 1 967 ) 

t hat  mos t i mportant  d i re c t  effect  o f  e l eva ted tempera ture was 

on the ovum d u ri ng fi r st  ce l l d i v i s i o n .  I n  v i t ro , fe rt i l i se d  

rabbi t o v a  c u l tured a t  40°C dur i n g fi r st  a n d  second d i v i s i ons  

were reported to  have  a l owe r cha nce  of s urv i v a l  i n  a no rma l uterus  

than  ova  c u l t u red a t  3 3°C but the i r c ha nces  of s u rv i va l  we re 

g rea t l y  i mpro ved i f  hea t i ng wa s de l ayed u nt i l the 3rd o r  4th  

ce l l d i v i s i on (Al l i s to n  e t  a l , 1 965 ) . The  morpho l ogi c a l  c h a nge 

observed to t ake p l ace i n  ova  dur i ng  ear ly  c l eavage presuma b l y  

a ccounts , a t  l ea s t  i n  p art , fo r the  reduced i mp l a n tat i on  rate  

observed d u ri ng  a br i e f  app l i ca t i o n  o f  hea t to rats  ( Fernandez­

Ca no , 1 9 58a ,b a n d  s heep ( Dutt , 1 964 ) . 

The mode o f  a c t i on of hea t  on youn g  embryos i s  s t i l l  u n k nown . 

There i s  s ome ev i dence of  i n te rference  wi th R . N . A . synthes i s  s i nce 

s tres sed  embryos i ncorporated more rad i oa c t i v i ty than contro l s 

when i mmersed  i n  a med i um conta i n i ng { 3H } u r i d i ne ( Sheea n  a n d  
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U l berg , 1 9 7 1 )  o r  { 3H J l e uc i ne ( Sheea n  a n d  Ul berg , 1 9 7 3 ) . S u ch  

embryos we re s t i l l  capa b l e of  i n i t i a t i ng an i mp l a ntat i on s i te , 

b u t  they d i ed s u bsequent l y .  Apa rt f rom thi s there ha s been  s pec u l a t i on 

a bout  endocri ne i mba l ance and  a l teri ng  the chemi c a l  env i ronme n t  

o f  the  u te ru s . There i s  s ome e v i dence wh i ch s u g gests a n  i nd i rect  

i nfl uence of e l eva ted temperature u pon the embryo medi a ted v i a 

the endoc r i ne sys tem b u t  i t  i s  sparse  ( A l l i s ton and  U l berg , 1 96 1 ;  

Woody and  U l ber g ,  1964 ) .  

Madan and Johnson  ( 1 973 ) reported t ha t a heat l oa d  suffi c i ent  to 

ra i se the dee p  body tempera ture of  h e i fe rs 1 °C to 1 . 5°C not 

o n l y  s hortened the dura t i on of oestrus  but depres sed both the base 

l i ne LH  a nd pea k LH hormone l eve l s i n  p l a sma . There wa s no  

i n d i ca t i on tha t su ppre s s i on of t h i s pea k  wa s s u ffi c i ent  to i n terfe re 

w i th  norma l o vu l a t i on .  I n  con tra s t , s tud i es whe re p i g s  a t  

oe strus  we re s u bjected t o  temperature stres s  ( 32°C a t  7 5%  RH ) 

have  s hown i nc reases  i n  LH  l eve l s ( R i gg s  et a l  1 9 74 ) . I t  h a s  

been s ugge s te d  t h a t  s t re s s  exert s  i ts effec t  o n l y  i nd i re c t l y  o n  

gonadotrop h i n s  and that  i nc rea sed  g l u cocort i co i ds produced i n  a 

s t re ssed a n i ma l  may b l ock  or reduce  the  secreti on  of the p i tu i tary 

gonadotroph i n s ,  espec i a l l y  LH ( Hag i n o  et a l , 1 9 69 ) .  Ba l dwi n and  

Sawyer ( 1 973 ) reported tha t i n  rats  the  admi n i s trati on of  a 

synthet i c g l u cocort i co i d w i l l  a l ter the  oes t rou s cyc l e l e ngth  

and  b l ock  the  ovu l a tory s urge of  L H ,  a ppa ren t l y  by i n h i b i t i ng the 

synthes i s  a n d  re l ease  of p i tu i ta ry L H . Th i s  s u ggests  t h at  heat  

s tres s  pr i or t o  ovu l a t i on b l oc k s  t h e  ovu l a to ry re l ea s e  of L H  

thereby chang i ng the norma l pattern o f  oes trous behav i ou r  and  

ovu l at i on .  I n  p i g s , Schotten a nd L i p trap ( 1978 )  repo rted that  
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expos ure to a n  env i ronmenta l  temperature of  32°C for 3 hours  

res u l ted i n  a n  e l e v a t i on i n  proges te rone  v a l ues  a nd a r i se i n  

tota l g l ucocorti c o i ds . The e l evated l eve l s of proges terone 

and g l ucocorti co i d s recorded dur i ng t he fo l l i cu l a r pha se i n  

s ows co i nci ded wi t h  i nc reases  i n  cys t i c ovar i es . I t  wa s sugge s ted  

t ha t  i ncreases  i n  g l ucos tero i ds  and  proges te rone , of adrena l  or i g i n ,  

may be i nvol ved i n  the onset  of cys t i c ova ri e s  i n  the sow . 

The poss i b l e  i nv o l vement  of the adre n a l  g l and , i n  heat stre s s , 

i nd i ca ted by i nc reased  embryo n i c  mo rta l i ty wa s s hown to occ u r  

i n  ewes wh i c h ha d been i nj ected wi t h  hyd rocort i sone acetate ( H . C . A . ) 

( Howa rth and  Hawk , 1 968 ) . Both Adrenocorti cotroph i c  hormon e  

( A . C . T . H . ) a n d  co rti sone a r e  known to depre s s  embryo s u rv i va l  

i n  mi ce ( Robson  a nd Sharaf 1 9 5 1 ; 1 9 5 2 ) a n d  i n  rats  ( Se i fer et  a l  

195 1 ) and a dmi n i s tra ti on of  A . C . T . H .  c a n  ca use  a del ay of  oes trous  

i n  i mmature mi c e  and g i l ts ( Chri s t i a n ,  1 964 ; L i ptrap , 197 0 ) . 

P l a sma A . C . T . H .  a s  we l l a s  a drena l  cor t i co i d hormona l l eve l s have  

been  s hown to  marked l y  i nc rease  i n  heat  stre s sed  p igs  ( Ma rp l e  et  a l  

1 9 7 2 ; 1 974 ) Fe rnandez - Ca no ( 1958b ) fou nd tha t e xposure to 

e l evated ambi e n t  tempera ture on day t h ree  and  four ( for 5 hou rs 

pe r day ) fo l l owi n g  ma t i ng  i ncre a sed pre i mpl anta t i on embryo n i c 

morta l i ty i n  i n tact  ra ts  b u t  not i n  a d rena l ectomi sed rats . Further  

observat i ons  by  Howarth a nd Hawk ( 1 968 ) over  a two-yea r  per i od  

i nd i c ated tha t HCA whi ch affected embryon i c  s urv i va l  i n  s heep  was  

mos t  det r i menta l duri n g  Augu s t  and  September  where the ma x i mum 

tempera ture wa s 27 . 9  to 30 . 2°C but  h ad  v i rtual l y  no e ffect d u r i ng  

October to J a n u a ry i nc l u s i ve where  the maxi mum temperature  wa s 6 . 7  
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to 1 7 . 6° C .  The s e  au thors s ugg e s t  t h at  a d rena l  hyperac t i v i ty 

cou l d be a fa c tor  o f  s i gn i f i ca nce  i n  the e ffect of adverse 

env i ronmenta l cond i t i ons on reprod u c t i v e  performa nce . 

Severa l expe r i me n t s  have i nve s t i gated  the rel a t i ons h i p  between  

prog e s te rone l e ve l a nd  reprod uc t i ve performance . G l as gow , Maye r , &  

D i c kerson  ( 1 95 1 )  fou nd a s i gn i f i cant  corre l a t i on between  the 

conce n t rat i on of progesterone and embryo n i c s urv i va l  . However 

Na l bandov , 1 958 ; Sp i es  et  a l , ( l 9 5 9 ) found that i nj ect i on of  

progesterone dur i n g  ear ly  pregnancy fai l ed to  i mprove embryon i c  

s u rv i va l  ra te . Neverthe l e s s  Dav i s  and  Sorenson  ( 1 959 ) have 

reported an i nc rea sed embryo s urv i va l  at 4 0  days postma ti ng fo l l owi ng 

a s i n g l e do se  o f  p roges terone 7 days a fter  ma t i ng . Howeve r ,  

e l evated proge s terone  has prevented ovu l a t i on and  a l tered the 

l en g th of the oe s t rous cyc l e i n  rats . ( Da v i s  and Sore n sen , l 9 59 ) 

wh i l e  Hanse l  e t  a�( l 972 ) found  prog es terone i nh i b i ted ovu l a t i on 

i n  the  pi g by s u p pres s i ng the pre ovu l a to ry s urge of L H . 

I nv es t i ga t i ons  on  heat  s t re s sed p i g s  ( a t  32 . 2°C )  repo rted t h at  

p l asma progesterone  l eve l wa s ra i sed  c ompa red  wi th  that  of contro l  

g i l ts ma i nta i ne d  i n  a cool  env i ronme n t  ( 2 3 . 2°C )  ( Kre i de r  and  

We ttema n ,  1 9 7 7 ) .  Th i s s tudy a l so reported tha t both the n umber s  

of  g i l ts pregna n t  a n d  t h e  number o f  co rpora l u tea , a t  day 3 0  

po s t -ma t i ng  were h i g her i n  heat  s tressed g i l ts .  These re s u l t s  are , 

i n  contra s t  to the  maj or i ty of  s tud i e s  d i scus sed earl i er wh i c h  

have  genera l l y  i nd i ca ted  t h a t  heat s tres s  h a s  a detri men ta l  effe c t  

on these aspec ts  o f  re�roduc t i ve func t i o n  i n  t h e  g i l t . However 

on l y  smal l n umbe rs of  a n i ma l s were u s ed i n  t h i s experi men t .  A l s o  
' 
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Ryl es ( 196 1 )  i n  an  e x peri me n t  i nvo l v i ng  hea t s tre s sed ewe s d i d  

not de tect  a s i gn i f i c a n t  i n fl uence  of da i l y proges terone i nj e c t i on 

on embryon i c  morta l i ty .  S i m i l a r l y , Thwa i tes  ( 1 970 ) and Bo l t  and 

S p i es ( 1 964 ) fa i l ed to  fi nd that proges teron e  therapy enhanced 

embryon i c  s urv i v a l . 

I nforma ti on on the e ffect  of oes trogen on re p roduc t i ve performance 

i s  s pa rse . Hacker  et  a l  ( 1 9 7 9 ) reported a nega t i ve re l a t i ons h i p  

be tween  the number o f  s t i l l born  and  the l eve l o f  ur i nary oe s t roge n . 

Foxcroft  ( 1 978 )  repo r ted tha t ,  i n  re s pec t o f  ova ri an  re s ponses  to 

oestra d i o l  benzoate  ( O . B . ) there wa s a ma rked  seasona l effec t .  

R i s i ng amb i en t  tempera tures were a s soc i a te d  wi th a s i gn i f i c a n t  

depre s s i on i n  ovu l a tory respon s e . 

N ume rous s tud i es  h a ve been repo rted concern i ng the i nf l uence of 

amb i e nt tempera ture on thyro i d  act i v i ty ( W·an and L i , 1 97 1 ; Ba k k e  

a nd  Lawrence , 1 9 7 1; Johnson  a nd Youse f ,  1966 ) , but  o n l y  a few 

have concerned the  p i g ( Sorenson , 1 962 ; De n t  e t  a l , 1 97 6 ) . The 

l a tte r reported tha t  se rum t hyroxi ne  l eve l  wa s decreased  by 25 

to 30% w i th p ro l onged  expos u re to a h i gh t empera ture ( u p  to 37°C )  

part i c u l a r l y  i f  re l a t i ve h umi d i ty wa s a l so h i gh . An i ma l s  exposed  

to  heat  may reduce the i r  food i n take  vol u n ta ri l y  and th i s  i n  t u rn 

may i nfl uence thyro i d  funct i on  ( Yousef a n d  John s on , l 96b ) .  I t  

i s  k nown that  h i g h  env i ronme n t a l  tempera tures  reduce b a s a l  me ta bol i c  

rate ( Johnson  a nd Rag sda l e ,  1 960 ) , wh i ch may h ave a su bseq uent  

effe c t  on reproduc ti ve func t i on . However  Ho l mes ( 1979 ) i n  h i s 

rev i ew ,  noted t h a t  under h o t  cond i t i ons  t hyro i d a c t i v i ty may be 

dep re s s ed rega rd l e s s  of  l eve l  of food i nt a ke . 
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L i mi ted e v i dence from a sma l l numbe r of c a tt l e  i nd i cate that  the 

serum conce ntra t i on of pro l act i n i nc reases  d u r i ng  bri ef  exposure 

to h i gh  tempera ture ( Sm i th e t  a l  1 97 7 ) .  The re have been re ports 

of i ncrea ses  i n  pro l a ct i n  l eve l s aur i ng  the s ummer months  i n  

da i ry cows  ( Tha tcher , l 974 ; KoprovJs k i  and  Tuc ker , l 972 ; Schams , 1 97 2 ) 

a nd i n  ma l e  goa ts ( B u t t l e ,  1 9 74 ) , b u t  whe ther t h i s i s  a tempe ra ture 

effec t  or  not  i s  u nc e r ta i n .  I t  i s  noteworthy that  i n  rams ( Pe l l e t i er ,  

1973 ) ,  a n d  i n  ra ts ( Re l k i n ;  .-' 1 1 97 2 )  i t  h a s  been ob served that  

there i s  a re l a t i ons h i p be twee n l i g ht photoper i od and p l a sma 

prol a ct i n l eve l . The e ffec t  wh i ch a ri se i n  p ro l act i n l ev e l  may 

have on rep roduct i ve funct i on i s  not u nders tood ,  a l though i n  

huma ns  t here i s  e v i dence  that e l evated prol a c t i n l e ve l s i mpa i r 

the a c t i on of gonadtro p h i ns on the  gonads  ( Be s ser 1 97 8 ) . V an  

La n dehe i m  and  van  de  W i el  ( 1 977 ) reported a s urge of pro l a c t i n d ur i ng 

oe strus , wh i c h may i n d i cate a l u teotroph i c  fu nct i on . Howeve r ,  a 

seasona l  s urge wh i c h  was observed 5 to 7 days before oe strus  co i n c i de d  

wi th a dec rease  i n  progesterone concentra t i on wh i c h may po i n t to 

a l u teo l yt i c ro l e .  There i s  thus  some i nd i ca t i on tha t pro l act i n l ev e l  

may b e  i nvo l ved i n  the  reproduct i ve dysfunct i on o f  hea t  stressed  sows 

but ove ra l l ,  as i s  the case wi th  the other  hormones d i s c u s sed , there 

are i na dequa te da ta fo r any fi rm conc l u s i o n to  be drawn . 
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4 . 3 . 9 .  The i nfl uence  of hea t  stress  on the ma l e :  The the rmore gu l a tory 

mec han i sm of the s c ro tum and  tes t i s i n  the boar  have been stud i ed 

by McN i tt et  a l  ( 1972 )  among o th ers . As i s  the case wi th  other 

ma l e  mamma l s ,  h i gh envi ronmenta l  tempera ture s  can  have ser i ous  

effects  on  sexua l  a c t i v i ty ,  s perma togene s i s ,  c ha ra c ter i s t i cs  of  t he 

ejacu l a te a nd subseq uent reproduc t i ve performance . 



( i ) L i b i d o :  Al though  Wet tema n e t  a l  , ( 1 97 3 )  o b se rved no d i fference  

i n  the pa ttern of sexua l beha v i our  of boars  kept  a t  e i ther 2 3°C or  

32°C fo r 90 days , N i wa a nd Mi zuho ( 1 954 ) noted  reduced sexua l  

i n tere s t  d ur i n g  the h o t te r  months  o f  the  yea r .  S im i l a rl y ,  

S te i nba c h  ( 1 972 ) fo und that  the rate of refu s a l  to mount  a dummy 

sow and  e j a c u l a te wa s po s i t i ve l y  re l ated to the  mean month l y  effect i ve 

tempera ture . I n  add i t i o n e jacu l a t i on t i me wa s reported to be 

prol onged under cond i t i ons  of hea t  s tre s s , bot h  d i urna l l y  a nd 
c . 

sea sona l l y . ( S te i nbac h , 1 97 2 ) . Al though  the neuro-humora l mec han i sms 

i nvol ved i n  l i b i do a re l a rge l y  unknown , i t  has been sugge s ted tha t 

the  l a c k  of sexual  dr i ve  dur i n g  heat  s tres s  may be re l ated to a 

re du ced l eve l of p l a sma te stoste rone ( Ste i nba c h , 1 972 ) . There 

i s  ev i de nce tha t some sy nthe s i s of  a nd rogens cont i nues d ur i n g  a 

per i od of  heat stres s  but  there i s  a decl i ne i n  the l eve l  of 

c i rcu l a t i on of tes to sterone , th i s  i nfl uenc i ng ferti l i ty through  an 
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unfavoura b l e effect  o n  l i b i do ( Bedra k  e t  al  1 9 7 3 ;  Rhyne s and  Ewi ng , 1 97 3 )  

The sexua l i n terest of  a heat s tres sed boa r may be adverse l y  affected  

through  a depres s i on i n  thyro i d a c t i v i ty .  H i g h  env i ronme n ta l 

tempe ra ture i s  known to depres s  thyro i d fu nc t i on ( I ng ram a n d  

Steboz i n s k , 1 96 5 ) and  t hyro i dec tomy h a s  been s hown to ma rkedl y 

reduce l i b i do i n  you n g  bu l l s  ( Pe te rson et  a l  1 94 1 ) . 

( i i ) Spe rma togene s i s :  A l thoug h s pe rma togene s i s i s  a cont i nuous  

process , the l evel  and  qua l i ty of  s perm produc t i on can vary wi t h  

env i ronme n ta l  s tre s s  i mposed on the  boa r .  Genera l ly  t h e  s c rotum 

forms a fa i rl y  good method of the rmoregu l a t i o n . McNi t t  e t  a l  ( 1 972 ) 

observed that  ra i s i n g the  amb i e n t  tempera t ure to 40°C re s u l ted i n  

a deept te s t i s tempera ture i nc rease  of on l y  0 . 60C  ( 36 , 4 to 370C ) ,  

whi l e  Ma z z a rri  ( 197 1 )  reported t ha t . oac u te l oc a l  heat i ng of boa rs '  

s crotum to  44oc for th ree hours ( wh i c h  i nc re a s ed the  i ntra tes t i c u l a r  



tempera ture from 35 . 5  to 3 9 . 50C ) d i d not  a ffec t  s perma togene s i s .  

Howeve r ,  i nc rea ses i n  amb i e nt  tempe ra ture can  a ffec t semen p roduc t i o n , 

a l though  th i s  has  o n l y  be en  reported i n  l oc a l  hea t i ng e x peri ments  

w here the te st i cu l a r tempera tu re wa s ra i sed  t o  a bove 40°C by 

heat i n g  the scro tum to 480C (Mazza rri , 1 97 1 ) .  

I t  remai ns  uncerta i n  a s  t o  the s t age of  the s pe rma toge n i c cyc l e  

wh i ch i s  mo s t  seri o u s l y a ffec ted by h i gh amb i e n t  tempera ture . 

S tei nberger a nd D i xo n  ( 1 9 59 ) found , i n  ra ts , tha t the pri mary 

s perma tocyc l e s were mo s t  sens i t i ve to a heat  l oa d  of 43° C wh i l e  

Au st i n ,  H u pp and Murp hee ( 1 96 1 )  conc l uded that  heat  i nj ures the 

ma tu r i ng sperma toge n i a .  

( i i i ) Seme n charact i s t i c s :  We t tema n et  a l  ( 1 9 76 ) , who exposed boa rs 

to  34 . 50C  fo r 8 hours  and  3 1 oc for 16 hours da i l y  for 90 days , 

obs erved decreases  i n  s perm mot i l i ty and  concen trati o n . Th i s  wa s 

a ccompa n i ed by a c hange i n  the  mo rphol og i c a l  c h aracter i s t i c s  of  the  

e jacu l a te . Duri ng wee k s  2 to 5 a fter i n i t i a t i o n  of heat  s tres s  the  

percen tages  of  abnorma l cel l s  and  those  wi th aged  acrosomes wa s 

s hown to i ncrease . S i mi l a rl y the n umber o f  a bnorma l ce l l s  i nc rea sed  

ra p i d l y  from 4% pr i o r to  the  hea t trea tment  to  24% ,  4 to  6 weeks 

afte r the temperature s tress  i n  contro l l ed expe r i ments  ( Mc N i t t  

a nd F i rs t ,  1970 ; Chr i s tenson  e t  a l , 1 97 2 )  b ut  n o  seasona l  vari a t i o n  

tha t c ou l d b e  a ttri buted  t o  h i gh ambi en t  temperatures wa s found i n  

semen c ha ra c ter i s t i c s  o f  boars ma i nta i ned u nder  natura l cond i t i o n s  

( Lawrence et  a l  1 970 ; O l utogun a nd Ste i nbach , 197 3 ) . F i nd i ngs  by 

Wetteman et a l  ( 1 973 ) s ug ge s t  a degree of a da p ta t i on may occur  

i n  pro l o nged hea t  s tres s ·  s i tua ti o n s , s i nce a c rosoma l abnorma l i t i e s  
� 
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we re i ncreased on l y  dur i n g  t he per i od 2 to 5 week s  afte r the  s ta r t  

o f  t he treatme n t  a nd re turned  t o  a norma l l evel  f o r  the rema i n i n g 

e xpe r i menta l per i od o f  8 wee k s . 

Othe r expe r i ments  h ave reported s i gn i f i cant  dec reases i n  sperm 

c e l l concen tra t i on and  i n  t h e  tota l  n umber o f  sperm ej a c u l a ted wi th 

tempera ture i nc reases  ( Lawrence et  a l  , 1 9 7 0 ;  Ste i nbach , 1 97 2  ) . The 

order  of th i s  reduct i on i n  e j a cu l a ted sperm var i ed  between 2 . 5 

b i l l i o n and  4 b i l l i on fo r each  1oc i nc rease  i n  amb i ent  tempe ra t u re 

( We t tema n et  a l  1 9 73 ; C hr i s tenson et  a l  1 9 7 2 ; Ste i nbach , 1 9 7 2  ) 

I n  contro l l ed exper i ments  s perm mo t i l i ty wa s fo und  to be s u ppre s sed 

fo l l owi ng  a c ute hea t t rea tment  at amb i ent  tempera t ures  o f a round  

33oc reach i n g the  l owe st  l evel s a t  a bo u t  50%  between 16  and  45  

days  po st  trea tment ( Mc N i t t  and F i rs t 1 9 70 � C hr i stenson et  a l , 1 9 7 2 ; 

We t tema n et  a l , 1 97 3 ) . However i n  a s i mi l a r  heat  s tre s sed s i tua t i o n , 

b u t  i n  a natura l l y  vary i n g  env i ronme nt  th i s  wa s genera l l y  not s o . 

( Wa ge l i e  et a l  1 9 59 ; Lawre nce e t  a l  1 9 7 0 ;  S te i nbach , 1 9 7 2  ) .  

T he  i mpo rta nt  cons i dera t i o n  i n  ma l e  a n i ma l s a ffec ted by therma l 

s tre s s  i s  t he  v i a b i l i ty a n d  c apa c i ty to  fert i l i se ova . Chr i s tenson  

et  a l  ( 1 9 7 2 ) observed a reduc t i o n  i n  the  pregna n cy rate and  embryon i c  

s u r v i v a l  when g i l ts were i n semi n a ted  wi th  semen from boars wh i c h 

h a d  been subjected  to s ho rt term temperature s tress  1 6  to 58  days 

p rev i ous l y .  S i mi l a r l y  We t tema n e t  a l  ( 1 9 76 ) i nd i ca ted that the 

c on cept i on rate may be reduced i n  g i l ts a rt i f i c i a l l y  i n semi na ted 

w i t h  semen from boa rs  s u bj ected to e l evated ambi ent tempera ture 

w h i l e  the  s ubsequen t  l i t ter  s i ze may be sma l l er i n  those  whi c h  become 
' 
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p regnan t .  Ove ra l l ,  a l t h ough the deg ree of  sexua l  a c ti v i ty and  

h i g h env i ronmenta l temperature seem to be  i nver s e l y  re l a ted , there 

i s  l i ttl e ev i dence tha t boa rs ra i sed a nd used i n  na tura l l y  occurri ng  

h i gh tempera ture are a s  a re l e ss  fe rti l e  compa red wi th a n i ma l s  

from temperate a reas  ( Egbun ke and  Ste i nbach , 19 7 2 ) ,  desp i te the 

marked dec reases  i n  boa r fert i l i ty at h i g h tempera tures  noted 

by con trol l ed room expe ri ments . Th i s  d i scre pa n cy may be l a rge l y  

a factor o f  acc l i ma t i z a t i on , a s  s u g ge s ted by Wetteman e t  a l  ( 1 976 ) .  

Furthe rmo re , on the a s s umpt i on t h at  changes  i n  semen c h a rac teri s t i c s  

observed by Mc N i t t  a nd F i rs t  ( 1 97 0 ) , and  reported earl i er ,  are 

ac compa n i ed by red uced ferti l i ty i t  may be tha t ,  rel a t i ve l y  short 

hot  spe l l s ,  l ead t o  severe ferti l i ty prob l ems . Th i s wo u l d  su gge s t  

tha t whi l e  th e thermoregu l a to ry sys tem o f  t h e  boar i s  a b l e t o  cope 

successfu l l y  wi th  re l a t i ve l y  s t at i c h i gh amb i e nt tempera ture l eve l s ,  

a brupt ri ses  i n  tempera ture of even up to 2 to 3°C above norma l a re 

l i ab l e  to  reduce fert i l i ty some 2 to 3 weeks  l a te r ,  a n  effect wh i c h 

may l a s t  fo r up  to 1 t o  2 mon th s . 

4 . 5  Nutr i t i ona l a s pects : 

Al though  n utri t i ona l  s tatus  has  a d i rect  effec t  on rep roduct i ve 

effi c i ency i t  i s  u n l i ke l y  to be a cau s a l  fac t o r  of seasona l vari a t i on 

i n  t h i s  c harac ter i s t i c ( Re i d ,  1 960 ; Wrath a l l ,  1 975 ) .  

I t  i s  wo rthy of  note h owever t h a t  tox i c  s ubs tances i n  newl y 

harve s ted  gra i n  have been i mp l i c a ted a s  the cause  of a h i g her 

i nc i dence  of abort i o n s  i n  sows d ur i ng pregnancy duri n g  a u tumn mon t h s  

o f  t h e  yea r .  A pea k r i se i n  the  n umbe r of  a borti ons wa s n oted 

after the barl ey h a rvest  ( Stork , 1979 ) .  
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An i n terac t i on between a nutr i t i ona l  e ffect and s tress b rought  

about  by  expos ure of  the a n i ma l s to  a h i g h ambi ent  tempera ture 

may be o f  i mporta nce i n  res pe c t  of reproduc t i ve performa nce . On 

expo s u re to hot  cond i t i ons , one  of the f i r st  rea c t i ons of the 

a n i ma l  i s  a red uct i on  i n  appe ti te i n  a n  a ttempt to reduce  the 

metabol i c  heat l oa d  for d i s s i pa t i on .  Th i s  i n  turn co u l d  have an 

unfavo u rab l e effec t on reprod u c t i on . W i th pi g s , i ncre a s i ng the 

amb i ent  tempera t u re ( 2 5  to 30°C )  i n  c l i ma t i c chambe rs , re s u l ted i n  

a l owe r i ng  of mea l  i ntake a n d  decreased  conce pt i on ra te , embryo 

surv i va l  a n d  s i ze  and we i gh t  of the l i t ter at term . ( He i tma n and  

Hughes , 1 949 ) . S i mi l a r  effe c t s  ha ve been noted i n  other  c l i ma t i c 

room s tud i es whe re ambi ent tempera t u re wa s kept i n  the reg i on of 

30- 3 3°C . ( Edwa rds et a� 1 968 ; Teague et a l  , 1 966 ) .  Al though  th i s  

s i tu a t i on i s  removed from pra c t i ce and  may not occur i n  an i ma l s  

a c c l i ma t i zed to hot  cond i t i on s , Ste i nbach  ( 1 976 ) d i d  re port a 

dec re a se i n  fa r l�ow i ng ra te du r i ng  the s ummer month s , a nd the hot  

cond i t i ons  a l so  res u l ted i n  a reduc t i on i n  mea l  i n ta k e . 

Sea s o n a l  var i a t i on  i n  nutr i t i ona l  l e ve l  cou l d be one of the many 

i nd i rec t  effects  of hea t s t re s s  on  reproduct i ve perfo rma nce . 

However , s tud i es have s hown t h a t  a maj or redu c t i on i n  feed i n take 

i s  necess ary for any decre a s e  i n  re product i ve e ff i c i ency to occur . 

Oes t rous act i v i ty freque n t l y  cont i nues  unt i l a maj o r  l os s  i n  

bodywe i gh t  has  occurred , a l though  severe i nan i t i on may i nte refere 
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wi t h  conce p t i o n  a nd espec i a l l y  i mp l a ntat i on ( Anders o n  a n d  Me J ampy , 1972 ) .  

Pregnancy and  h i gh emb ryon i c  surv i va l  ra tes have bee n  ma i n ta i ned i n  

p i gs  s ta rved o f  feed , but  n o t  wa te r ,  for up  to 37 days . (An de rson  1 97 5 ) .  

I n  a s ubsequen t  s �udy conduc ted a l o ng  �i mi l a r l i nes ( Anderson a nd 

Dunseth , 1978 ) , the number o f  foetuses  survi v i ng to day 70  of  
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pregna ncy wa s s i m i l a r for  sta rved ( 0 . 8kg meal /day ) and  fed ( 1 . 8kg  mea l / day ) 

sows , b u t  foeta l deve l opment  wa s re tarded i n  the  former , Never the l e s s  

b y  day 1 1 0 there wa s a marked reduc t i on i n  foe ta l  su rvi v a l  ra te of 

s tarved dams ( 0 . 8k g rre a l/dcy )compa red wi th the control s ( 1 . 8k g  mea l / day ) . 

I n  the mature boar , w i d e l y  va ry i n g  p l anes  of  n utr i t i on may be 

tol erated wi tho u t  detr i menta l  e ffects  on , s perma togene s i s ,  or  l i b i do ,  

b ut  on a very l ow l eve l of feed i n g  the vo l ume of  the e j acu l a te may 

be reduced  ( Stever9ll e r  et a l , 1 9 6 1 ) .  Howeve r ,  ne i ther mot i" l i ty 

nor fe rt i l i ty of the  s perma tozoa wa s a ffected over a p ro l onged per i od 

i n  th i s s t udy .  

I t  i s  o f  parti c u l a r  s i g n i f i ca nce t h at  when a general  de c rease  i n  

feed i n take  occurs w i t h  i nc rea s i ng hea t l oa d , the ful l a l l oca t i on 

of v i ta mi ns  a nd mi nera l s  i s  a l so decreased . I nadequa c i e s of a 

number of ma jor  a nd t race mi nera l s and v i tam i n s  a re known to be 

assoc i a ted wi th  a l l a s pects of reduced rep rod uc t i ve perfo rma n ce . 

Comprehen s i ve rev i ews on the e ffects of  m i ne ra l  a nd of v i tam i n  

de fi c i enc i es on re product i ve performa nce i n  t he p i g ,  have been 

publ i s hed by Ta s se l1 ( 1967 ) ,  Lamm i ng  ( 1 96 9 )  a nd Wratha l l  ( 1 9 7 5 ) .  

4 . 5 Hea l th status : 

There i s  l i tt l e  i n fo rmat i on  a va i l ab l e pertai n i ng to e i ther the 

opt i ma l  condi t i ons for the deve l opme n t  a n d  s prea d  of d i seases  

or  the seasonal  va r i a ti on i n  d i sease l eve l  wi t h i n the  p i g  herd . 

Howe ve r ,  i t  i s  l i ke l y  that certa i n d i sea se s  may be more preva l e n t  

a t  p a rt i c ua l r ti mes of  the yea r . Th i s  a r i ses  due t o  a s pec i fi c  

suscepti b i l i ty of the host to pat�ogen i c  organ i sms , h i gh l y  



i n fect i ve o n  account  of p reva i l i ng e n v i ronmenta l c ond i t i ons . The 

pa t hogenes i s  of reproduc t i ve d i sease  i n  p i g s  h a s  been d i scu s sed 

i n  the comprehen s i ve re v i ews of Wra th a l l ( 1 9 75 ) and  Dunne and  

Leman ( 19 75 ) .  I t  i s  h i g h l y  probabl e that  wa rm and  humi d cond i t i on s  

favour  the s u rv i va l  a n d  transmi s s i o n  of  certa i n  d i seases . Th i s  

w a s  shown i n  the transmi s s i on of  toxopl asma ( Fre n ke l  1 9 7 3 ) ,  whi l e  

D z i aba ( 1 97 1 )  a nd Kova l en ko e t  a l  ( 19 7 1 ) both found  the s u scept i b i l i ty 

t o  er� i pe l a s  to be i nc re a sed dur i n g  the  hot  s umme r mon th s . 

A subject  o f  i ncreas i ng i n tere s t  a nd i mportance  i n  the control  of  

i n fec t i o u s  d i sea ses  i s  the  aerobi o l ogy of  pa t hogen i c  o rga n i sms . 

C ha nge s i n  amb i ent  tempe ra ture , re l a t i ve h umi d i ty ,  wi nd s peed and  

s o l ar radi a t i on  a re fa c tors wh i ch may profound l y  a l ter the l o ngev i ty 

a n d  d i s semi n a ti on  o f  a i r borne orga n i sms and  thereby affect  the 

pathogene s i s  of s evera l d i sea ses  ( Ro l l er and Stombaug h ,  1 974 ) .  

As these  e nv i ro nme nta l factors may a l so be i mp l i ca ted i n  s tre s s fu l  

condi t i o n s  to wh i c h  the  a n i ma l s are s ubjected t hey may aggravate 

the s u scept i b i l i ty to  many i nfec t i ous  d i sea ses . 

I t  i s  c l e a r  that  the i n terre l a t i o n s h i ps  betwee n  the phys i o l og i ca l  

effects  of  stre s s ,  the pa rti c u l �r pathol ogy o f  a d i sease  and  the 

i mmuno l o g i c a l  defence mecha n i sms of the a n i ma l s a re comp l e x  i n  

na ture mak i ng i t  d i ffi c u l t to a scerta i n  whether  d i sea s e  can  be 

i mp l i c a ted  i n  seasona l  reprodu c t i v e  prob l ems i n  the p i g .  
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EXPE R I ME NTAL PROCE DURE  

The  s t udy compri sed a n  e xam i nat i on  o f  reprod uct i ve performa nce 

over  a 2-ye a r  pe ri od i n  2 0  p i g  br�ed i n g fa rms  l oca ted i n  v a r i o u s  

reg i ons o f  New Zea l a nd . 

1 .  E s ta b l i s hme nt of  Cl i ma t i c  Regi ons  and  Se l ec t i on of  Farms 

I n  re l a t i o n  to the cho i ce of fa rms  fo r i n c l u s i o n  i n  the i nve st ­

i g a t i on , a w i des prea d d i s tr i buti on wi t h i n  t he  country wa s con s i dered 

to be de s i ra b l e .  Th i s  wou l d  ena b l e  an a s se s smen t  to be made of 

the  effec t of  an exten s i ve ra nge of  c l i mat i c cond i ti ons  on 

re produ ct i ve  effi c i ency i n  the breed i ng  herd . 

I n i t i a l l y ,  a reas  wi th i n t he country where there was a rel a t i ve l y  

h i gh dens i ty o f  breedi ng  u n i ts  were i den t i fi ed . Th i s  wa s done 

w i th the  a s s i stance of  p i g Adv i s ory Offi cers o f  t he Por k  I ndu s try 

Counc i l , who we re l oc a ted  throughout  the country . Al l me teoro l og i ca l  

s ta t i ons  wi th i n  each  are a , prev i ou s l y  se l ec ted on  the ba s i s o f  i t s 

s i ze of  p i g breed i ng popu l a t i on , we re l i s ted , t he rel eva n t  da ta 

be i ng obta i ned from the  New Zea l a n d  Meteoro l og i c a l  Serv i ce Mi s ce l l ­

a neous Pub l i c a ti ons , ( 19 7 3 ) .  The s t at i on s  were s ubseque n t l y  ra nked 

w i th re s pect  to mea n  mont h l y  ma x i mum tempe ra t ure and  mea n  mon t h l y  

d i urna l temperature f l uc tua t i on ( The d i fference be tween mea n  da i l y  

max i mum a nd mi n i mum va l ue s ) ,  over  the month s  o f  December to 

Februa ry i nc l u s i ve . The l a tter we re the " h o t "  months  of the yea r 

i n  New Zea l and , a nd those  duri ng  wh i ch l ow fert i l i ty h a s  been  

recorded ( Hermann , 1 980 ) ,  Al l tempe ra ture mea s urements  we re 

rel a ted to  d a ta co l l e cted over a m i n i mum per i od of e i g h t  yea rs , and  
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l onger  i n  t h e  case  of  me teorol o g i c a l  stat i on s  where earl i er 

i nformat i on  wa s ava i l a b l e .  The se  two c l i ma t i c va r i abl e s  were 

c ho s en s i nce , as d i s cus sed i n  the pre v i ous rev i ew of l i te rature , 

they a re the mo st  l i ke l y  o ne s  to ha ve a n  i n fl uence  on re product i ve 

eff i c i ency i n  the breed i ng herd . 

On t he ba s i s of va l ues recorded for these pa ramete rs over the 

c ho sen three-month pe ri od , s i x c l i ma t i c reg i ons  we re i dent i f i ed . 

These  were a s  fo l l ows : -

Re g i on 

Hot  and  

Hot  and 

Wa rm and  

Wa rm and  

C oo l  and  

coo l  and  

sta b l e  

var i a b l e 

s tab l e 

v a ri a b l e  

s ta b l e  

var i ab l e 

Mean  mo nth l y  ma x i mum 
ternpe ra tu re ( oc )  

2 3  a nd above 

23 a nd a bove 

20 to 2 2 . 9  

2 0  to  22 . 9  

1 9 . 9  and bel ow 

1 9 . 9  and bel ow 

Mea n month l y  d i urna l  
tempera ture fl uctua t i on 
( oc )  

< lOOC 

< l OOC 

� l QOC  

T hese def i ned reg i ons we re i dent i f i ed  i n  the  f i e l d by  the  u se of  

a sys tem o f  po i nt symbo l s ( Tu l l er ,  197 7 ) . I n  t h i s c a se each  

symbol rep res ented one s pec i fi c  range of  mea n  month l y  ma x i mum 

tempera ture s  a nd mea n month l y  d i urna l tempera t u re fl uctuat i ons . 

Th i s  a pproach  wa s con s i dered pre fera b l e to d rawi ng i so l i ne s  

beca use o f  the comp l e x  ma nner i n  wh i ch the d i fferen t c l i ma t i c  

e l ements , that  comb i ne t o  affec t  the two chosen  therma l parame te rs , 

vary wi th  topography . I t  i s  recogn i sed , however  tha t the defi n i t i on 

of reg i on s , of s i m i l a r  c l i ma te ,  on  the ba s i s  of  po i nt symbo l s  

i s  not wi thout some l i mi tati on s ; ,a s  each p i g  u n i t  has  i t s own 



mi croc l i mate a n d  meteorol o g i c a l  records for the a rea can  on l y  

p ro v i de  approxi ma te va l ues . Neverthe l e s s  the approach where 

each  p i g  un i t i s  a s soc i a ted w i th a l oca l  meteoro l og i c a l  

s ta t i o n  i s  cons i dered a more exa c t i n g  one than  the a l terna t i ve 

of s ubd i v i s i on of  the country on a geograph i c a l  ba s i s ,  whe re 

the c l i ma t i c  env i ronment  i s  l i ke l y  to va ry not  on l y  between 

but  a l so wi th i n  se l ected  a rea s . 

Fo l l owi ng i dent i f i ca t i on of  t he s i x c l i mat i c  reg i ons , a l i s t of  the 

meteorol og i ca l  stat i ons , a l o ng  wi th a coveri ng l etter wa s sent to 

the P i g Adv i so ry Offi cer i n  each re l evant  reg i on . The l atter  

wa s reque s ted to  i denti fy p i g breedi ng un i ts  wh i ch were c l ose to 

a l oca l  me teo ro l og i ca l  s t a t i on a nd a l so prov i de de ta i l s  of  the 

fa rms . These i nc l uded , herd  s i ze ,  b reed ( s ) , type of bu i l d i ngs  

a n d  thei r sta ndard  of cons truc t i on and  ava i l a b i l i ty and extent  of  

b reed i ng records . The  u l ti ma te objec t i ve wa s to obta i n  pa i r s of  

fa rms i n  the same l oca l i ty a nd c l o se  to a meteoro l og i ca l  s tat i on ,  

b u t  wh i ch had  a contra s t i n g  sys tem of  hou s i n g .  I n  re s pect  o f  

t he l a tter the a i m  wa s t o  obta i n  one member o f  the  pa i r  who 

operate d  an extens i ve sys tem , where the b u i l d i ng s  we re of a l ow 

s ta ndard of construct i on a n d  the other  who fa rmed i n tens i ve l y  

i n  we l l  cons t ru c ted though  not  neces sar i l y  c l i ma t i c a l l y  contro l l ed 

b u i l d i ng s . By adopt i on of th i s approach  i t  wa s hoped to ga i n  

i nforma t i o n  on the i nf l uence  of b u i l d i ng des i gn on the i nc i dence 

o f  seasona l i nferti l i ty .  

The  outcome of  th i s a p p roach  wa s the i den t i fi c a t i on of 4 5  farms 
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but  unfor tu na te l y  few we re  pa i red as requested  i n  the correspondence 

sent  to the  Adv i s ory Offi c e rs . The rea sons  g i ven for fa i l u re to 



comp l y  w i t h  the  reque st  were , t he unava i l ab i l i ty of such  fa rm 

pa i rs or  where pa i rs of fa rms d i d  ex i s t  the i nab i l i ty of one or 

both  farms to p ro v i de accu ra te breed i ng records fo r the t i me 

pe r i od env i saged name l y  a mi n i mum· of  two yea rs . 

The a pproach  ma de to these 4 5  farmers wa s i n i t i a l l y  v i a the i r  

l oc a l  P i g Adv i sory Offi cers  a nd then by corre spondence to obta i n  

a n  i nd i ca t i on o f  the e xtent  o f  the i r record i ng  data  perta i n i ng 

to ma t i ngs  and  s ubseq ue n t  fa rrowi ng s . The outcome wa s ,  o n l y  2 5  

o f  t he fa rms were u l t i ma te l y  se l ec te d  t o  pa rt i c i pa te i n  the s tudy .  

They were the on ly  ones a b l e to prov i de acc urate records of 

rep rod uct i ve pe rforma nce in  the i r  he rd ove r  the mi n i mum per i od 

of  two yea rs . 
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The s e  2 5  se l e c ted fa rms we re subseque n t l y  v i s i ted by the co -ord i nator 

of the  pro ject  and e i ther the owner  or  ma nager of the property wa s 

i nte rv i ewed . Th i s took t h e  form of a s k i ng a s tandard set  o f  

q uest i ons  prepa red beforeh a nd and  record i ng t h e  a n swers . A n  exampl e 

of the que s t i onnai re i s  g i ven i n  Append i x  I .  

I t  wa s a i med  a t  obta i n i n g i nforma t i on on the b reed i n g , hou s i ng ,  

feed i ng  and  ma nagement  pol i c i es adopted on the u n i t .  Recent  

d i s ea se ou tbreaks  on  the  u n i t  a n d  the  genera l hea l th s tatus  o f  

t h e  s toc k were noted . Com p l et i on of the ques t i onna i re wa s 

fo l l owed by a detai l ed i ns pecti on  of t he herd a n d  exam i nat i on  of 

t he premi ses , where further deta i l s  of the herd and i ts ma nagement  

were obta i ned . T he  l oca 1 pi g Adv i s o ry Offi cer wa s a hrays present 

a t  these v i s i t s and  pa rt i c i pa ted i n  d i scuss i on . A further 5 

fa rms were e l i mi na ted f rom the  s'u-rvey on  i nformati on  obta i ned 



dur i ng  the i nte rv i ew .  The pr i me rea son  for the i r reject i on  wa s 

on ma t i ng procedu re s  adopted , such  a s  t he runn i ng of a boar  

wi th a g roup  o f  dl�y sows . Th i s  obv i ous l y  affects  the  accu racy of 

the records  by the i n trod u c t i on of non- recorded ma t i ngs . Another 

rea son  fo r rej e c t i on of a fa rm wa s on  t he data , wh i ch a l thoug h 

i t  c o vered the mi n i mum two-yea r  peri od , wa s i ncomp l ete . 

The d i s tr i bu t i on of the rema i n i ng 20  farms wi th i n  the 6 c l i mat i c 

a rea s wa s a s  fo l l ows : 

No . o f fa rms No . o f observa t i ons  

Hot  a n d  s tab l e 5 3 255  

Hot  a n d  va ri a b l e 5 2887 

Wa rm a nd s ta b l e 3 2873  

Warm and va r i a b l e 2 632  

\.o l d and  stab l e  2 440 

Co l d and va r i ab l e  3 1 292  

Th i s  uneven d i s tr i but i on of the  fa rms and  pa rt i c u l ar l y the 

number of observa ti ons per reg i on p rompted the ama l g ama t i on of 

the 1 1Warm and vari ab l e 1 1 a n d  1 1Wa rm and  s tab l e 1 1 reg i on re spec t i ve l y  

the reby g i v i n g  four c l i ma t i c reg i on s  a s  s hown be l ow .  
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Reg i on Mea n  month l y  ma x i mum 
temperature oc 

Mea n  mont h l y d i urna l  
temperature f l uctua t i on  

Hot  a nd stab l e ( HS )  23  and  a bove 

Hot and  Va r i a b l e ( HV )  23  and  above  

Wa rm ( W )  2 0  t o  2 2 . 9  

Coo l  ( C )  1 9 . 9  a nd be l ow 

The meteorol og i ca l  sta t i o n s  corres pond i ng  to the 20  s urvey farms 

were then re- a s se s sed i n  re spect  of the  two yea r  peri od perta i n i ng 



to  the  recorded  data  ( i . e .  November 1 976  to October  1 9 78 

i nc l u s i ve ) .  Th i s  wa s done to observe i f  the mea n  mont h l y  d i urn a l  

temperature fl u ctuat i ons over th i s  two yea r peri od we re s u c h  

t h a t  e a c h  sta t i o n  rema i ne d  wi th i � the l i mi t s  of i t s or i g i na l l y  

des i gn a ted reg i on . (  The l oc a t i o n  of t h e  fa rms fi na l l y  chosen  

wi th i n  each c l i ma t i c  re g i on i s  s hown i n  F i g ure 5 ) .  

2 .  De s cr ipti on  of  Farms 

Fu l l de ta i l s  of e a c h  fa rm have been documen ted and  these are 

l odged \'l i th the Da i ry Husba n d ry Departme n t , Ma ssey U n i vers i ty .  I n  

bri e f  a l l  2 0  fa rms fi na l l y  i nc l uded i n  the su rvey we re ope ra ted a s  

comme rc i a l u n i t s  a n d  s i x  o f  them s upp l i ed breed i ng s toc k t o  

the i n dustry .  

I nd i v i dua l  herd s i ze ra nged from 40 to 2 50  breed i ng sows . The 

breeds  kept we re p r i n c i pa l l y  L a rge Wh i te ,  Landrace a nd c ro s ses  

of  these  two breed s .  

2 . 1 Hous i ng :  I n  bo th betwee n and  wi th i n  fa rms i n  e a c h  c l i ma t i c  

reg i o n  there wa s a g reat  v a r i e ty of hou s i ng type s , wh i ch  ranged from 

s pec i a l i s ed b u i l d i ng s  of s ta ndard des i gn to s i mp l e  genera l purpo se 

wooden  shed s . Th i s  wa s accompa n i e d  by an equa l l y  w i de va ri a t i on 

i n  s tanda rd of cons tru ct i o n ,  wh i ch genera l l y  d i d  not  s how a c l ose  

re l a t i on s h i p w i t h  type of hous i ng� except  whe re the  b u i l d i ng s  were of  

recen t  con s tru c t i on . 

As one  a i m  of  the project , a ccept i ng  t h at  a seasona l va r i a t i on 

i n  fa rrowi ng rate wa s found  to e x i s t , wa s to i nves t i g a te the 

i nf l uence of hou s i n g sys tem as  a contr i butory factor , hous i ng 

type s were s ubje ct i ve l y  c l a s s i f i ed on  a fi ve poi n t  s ca l e  ( 1  = very 

g oo d ; 2= good ; 3 = rea so na b l e ; 4= poor ; 5 = very poor ) .  The 
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• " hot and stable " ( H S)  
o " hot and varia ble " ( H V )  

• " warm " ( W )  
• " cool " ( C ) 

F IGURE 5 :  Loca t i on of the fa rms wi th i n  the four c l i ma t i c  reg i on s  
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i ndex  too k  i n to con s i dera t i on t he a b i l i ty of  the s truc tu re to 

buffer the  a n i ma l  a g a i n s t  d i u rna l  var i a ti on i n  amb i e nt  tempe ra ture 

and genera l l y  provi de a n  env i ronme n t  free of stres s . Th i s  wa s 

a s ses sed i nd i rect l y  by g i v i ng co n s i derat i on to bu i l d i n g de s i gn 

( e g. fu l l y  enc l osed , parti a l l y  enc l o sed etc . ) ,  pen l ayou t ( eg . , 

so l i d  o r  t ubu l a r  part i t i ons ) , de g re e  a nd s ta ndard of i n s u l a ted 

cons truc t i o n , extent of control  of ve nt i l a t i on and a i r  movemen t ,  

l y i ng  area ( eg s l a tted conc rete , n o  bedd i ng , deep bedd i ng ,  s traw 

beddi ng ) ,  and g roup  number i n  re l a t i on to  pen s i ze ( Ta b l e 6 )  

Three persons , work i n g i n  co l l a bo ra t i on , were i nvol ved i n  the 

a l l oca t i o n of the var i ous type ( s )  of  hous i n g on  each of the 

twe nty fa rms to appropri a te g rade s on the 5 po i nt sca l e .  Al l 

those on t he pa ne l  ( two Pork I n d u s try Counc i l  Adv i sory Offi cers 

and the co-ordi nator  of the proj e c t ) were fami l i a r wi th  hous i ng 

standards  advoca ted  fo r p i g s  and  had v i s i ted the farms on severa l 

occa s i o n s  i n  the course  of the i r d ut i es . 

2 . 2  N u tr i t i on :  The compos i t i on of d i ets  va ri ed ma rked l y  bo th 

between  a nd wi th i n  fa rms . D i e ta ry compos i t i on depended on the 

l oc a t i on  of the fa rm and ava i l ab i l i ty and  co s t  of va r i o u s  feedstuffs 

s uc h  as seasona l  var i at i on i n  the a va i l a b i l i ty of  whey . Of the 

2 0  farms , ten fed e i ther  propr i e tary or home mi xed mea l  ra t i on s  

on l y ,  wh i l e a further s i x  fa rms a l so fed mea l  d i ets b u t  these  

we re s up p l emented w i th whey i n  s eason (Aug u s t  to May a pp roxi ma te l y ) . 

The rema i n i ng fou r  farms prov i ded  thei r breedi ng s tock w i th  a 

d i e t  o f  mea l and  a wi de range o f  i ndu str i a l  by-produ c ts . Mos t  

of t he  farms who u sed home mi xed  ra ti ons  o r  was te by-products  

s o ught  a dv i ce from thei r l oca l _P i g Adv i s o ry Offi cer i n  res pect  of  
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TABLE  6 :  C l a s s i fi ca t i on of hou s i ng types fo r a ccommoda t i n g  
breed i ng s tock  o n  the  fa rms . 

Reg i on 

1 

2 

3 

4 

F arm 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

Hou s i ng fo r 

Po s t  wea n·i ng 
to ma t i ng  

1 

5 

2 

1 

5 

3 

1 

5 -+ 1 

3 

5 

3 

3 

5 

4 

3 -+ 1 

4 

1 

3 

2 

4 

b reed i ng stock 

Preg nancy 

1 

5 

4 

2 

5 

3 

1 

5 -+ 1 

4 

3 

3 

5 

5 

3 

3 -+  1 

3 

1 

5 

1 

5 

84 

Sca l e :  1 = very good 2 = good 3 = rea so na b l e 4 = poor 5 = very poo r 

-+ i nd i c a te s  a change i n  c l a s s i fi ca t i on of hous i ng types fol l ow i ng 

constru c t i on of new b u i l d i ngs w i t h i n the two -yea r  peri od . 



d i et fo rm u l a t i on . 

I t  wa s not  poss i b l e  to accura te l y  a s sess  d i e ta ry i nta kes on  

the  fa rms , t h i s be i n g parti c u l ar l y s o  where mi l k  by-p roducts  we re 

used to s u p p l ement  a mea l  d i et . Howe ver , on a genera l a s se s sment 

of the body condi t i on of the stock a t  the t i me of vi s i t i n g each fa rm , 

i t  wa s cons i dered t hat  a l l were rece i v i ng a deq uate nutri t i on . 

Al thou g h  a maj o r  l i mi ta t i on of t h i s a s se s smen t  wa s tha t i t  wa s 

made o n l y  once , the a c companyi ng  P i g Advi sory Offi cer on  the 

v i s i ts a ffi rmed tha t the feed i ng l e vel on each  of the fa rms had 

been adequa te to the be st  of h i s / he r  knowl edge over the p rev i ou s  

two-yea r pe ri od . 

2 . 3  D i sease  control : Al l fa rms re ported a rea sona b l y  h i g h 

hea l th s ta t u s  i n  the herd a l though  i t  wa s con s i dered tha t 

adequa te d i sease precaut i ons and  p aras i t i c  contro l  me a s u re s  

preva i l ed  o n  on ly  1 5  o f  them . The othe r 5 fa rms empl oyed  the 

mi n i mum mea s ures of preventa t i ve med i c i ne ,  e��no regu l a r wo rmi ng  

routi ne , repl aceme n t  s toc k not nece s sa r i l y  purcha sed from herds  

of  h i gh  hea l th s ta t u s . No maj or d i sease o u tbreaks we re reco rded 

i n  a ny of the 20 breed i ng herds o ver  the peri od cove red by 

the s urvey . Neverthe l e ss  endemi c d i sease  l evel s were s u s pected 

. i n  some c a ses  fol l ow i ng  exami n at i o n  of the records e� �he presence 

of abort i ons  and  expu l s i on of  mummi fi ed  foe t u ses , an i nd i c a t i on 

of pos s i b l e  parvo v i rus  or l eptos p i ro s i s i nfec t i on .  

2 . 4 Mana geme nt :  Homebred g i l ts were gene ra l l y  mated o n  the second 

or t h i rd  oestrus  fo l l owi n g  a tta i nment  of sexual  ma tur i ty ,wh i l e  

purchased  s tock  wen t  to the boa r  a t  the f i r s t  detecta b l e oestru s . 
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None of the farms i nduced ear ly  atta i nment  of p u berty . L i t ters  

were wea ned  be tween 3 and 6 weeks  o f  age and  the  sows then  moved 

to e i ther pens or i nd i v i du a l  s ta l l s  wh i c h  were adjacent to a 

boa r pen . S ows we re observed da i l y for oe s trus  detec t i on . No 

l aboratory or e l ectron i c  me thod s we re u sed to detect oe s trus  or 

pregnancy o n  any o f  the fa rms . Natura l  serv i ce was u s ed o n  the 

20 fams a nd a l l ma t i ngs  we re s upe rv i sed i n  tha t the stoc kma n 

was present dur i ng the pe r i od that  the sow wa s wi th the boa r .  

On l y  o n  two of the fa rms wa s the boa r a s s i s ted  a t  the t i me of  

serv i ce .  S ows we re u s ua l l y  doub l e ma ted on s uccess i ve days , i f  

the dura t i o n  of oe s trus  pe rm i t ted , ma t i n g s  ta k i ng p l ace 

mo rn i ng  a nd / or eve n i ng .  Each  boa r wa s gene ra l l y  mated wi th one 

or two s ows per wee k . The boa r to  sow ra t i o  wa s ge ne ra l l y  of  

the  order  1 to  2 5  or  l es s  but  on one fa rm a 1 to 50 rat i o  wa s 

recorded . 

3 .  Co l l ec t i on of R2 cords and  P repara t i ons  o f  D ata for  A n a lys i s  

Serv i ce reg i s ters cover i ng the two -year  per i od we re obta i ned from 

eac h  fa rm . These we re i n  a s ta nd a rd form i n  respect  of seventeen 

of the fa rms who used record i ng mater i a l s prov i ded by t he Pork  

I ndus try Coun c i l .  I nc l uded i n  the l at te r  wa s a serv i ce c a rd 

wh i ch covered ma t i ng date s i n  c h rono l og i ca l  o rder , expec ted  re turn  

dates  a nd due to farrow dates . Correspond i ng records from the 

rema i n i ng three fa rms were prov i ded  on two ca rds . One conta i ned 

ma t i ng  d a tes  o n l y  and  the other wa s a sow performance c a rd from 

wh i ch i t  was pos s i b l e to obta i n  the  date of  farrowi n g . Treatme n t  

86 

of the da ta pr i or  to  i ts a na lys i s  i nvo l ved c o l l a t i on  a n d  ver i f i c a t i on  

of  the  se rv i ce records , and  a check  on whether  the ma ted fema l e s 

s u bseq u e n t l y  gave b i rth  to a l i tter  o r  not . Where the l a t te r  



occurred , t he  serv i ce records were exam i ned i n  further  

deta i l  to  determi ne whether the  a n i ma l  ( s )  i n  que s t i on returned 

to serv i ce and were subsequen tl y mated ; were c u l l ed from the 

h e rd and  the reasons thereof (whe ther due to i nfert i l i ty , phys i ca l  

damage o r  i l l ne s s  etc . ) ;went  t o  fu l l term a n d  were subseque n t l y 

found not to be  pregna n t , or we rs noted  to a bort . The se 

categori es  a re defi ned  as fo l l ows : -

Returns to s e rv i ce :  T h i s was re corded i f  a s ow ex h i b i ted externa l  

of oe s t ru s  a n d  wo u l d accept serv i c e  more t han  18 days a fte r t he  

date of o r i g i n a l  ma t i n g , o therwi se  the  or i g i na l  ma ti n g  wa s 

exc l uded a s  not  va l i d .  

Not- i n -pig :  Th i s  i s  a te rm used  to  descr i be s ows wh i c h a re not  

obse rved to re turn to  oes trus b ut  a re found  to be ' not - pregna n t ' at  

about  the t i me they wo u l d  norma l l y  b e  expected to  fa rrow . Th i s 

category i nc l udes a n i ma l s wh i c h show " p seudo- pregnancy " or  

were empty o r  ba rren . I t  a l so i nc l udes  unde tected  a bo r t i ons . 

Cu l l :  T h i s i s  recorded i f  a sow i s  removed from a he rd due  to 

i l l ness , p hys i ca l  dama ge or found no t to be pregnant to the th i rd 

return serv i ce .  However on l y  sows  wh i c h  had been c u l l ed due to 

' non-pregnancy ' were i nc l uded i n  the c a l cu l a t i on of  re product i ve 

performa nce . Sows wh i c h  d i ed or  were c u l l ed a fter ma t i ng  fo r 

rea sons  wh i c h  were not re l a ted  to  t he i r  re product i ve performance 

were not  con s i dered . 

Aborti o n : An a borti on i s  recorded i f  non-v i ab l e p i g l ets  a re 

expel l ed be fore term . However a s  a bort i on s  d o  not appear  t o  be  

a c hara c te r i s t i c of sea sona l i nfert i l i ty ( Lo ve , 1978 ; Herman n , l980 ) , 

those wh i ch were recorded i n  th i s  s tudy', were not i nc l uded i n  

compi l a t i o n  of the data . Obvi o u s l y ,  some aborti ons  wh i c h were 

undetected  a nd had con sequen t l y  been i nc l uded i n  the " No t- i n - p i g "  
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i n  t h i s s tu dy wa s Fa rrow i ng Rate . Th i s  can  be defi ned fo r a g i ven 

pe r i od  a s  

The  n umbe r of s ows whi c h  fa rrowed 
The n u mbe r of s ows ma ted 

X 100 -1
-

I t  i s  wo rthy of  note t h at  th i s  me a s u re of  re product i ve  e ffi c i ency 

takes  i n to c on s i d e ra t i on fema l es wh i c h ret u rn to se rv i ce , s ow s  

found t o  be  ' no t - i n - p i g '  a t  the t i me t hey wou l d  norma l l y  be  

e xpec ted to fa rrow ,  the proport i on  of  a n i ma l s wh i c h h ad  been  

c u l l ed from a h e rd becau se  of repea ted  fa i l u re s  to ho l d to s e rv i ce 

a nd unde tec ted a bort i ons . Stud i e s  by Corteel  e t  a l  ( 1 968); Love  

( 1 978 ) and  He rma nn  ( 1980 ) ha ve i nd i c a te d  that  sea sona l . va r i a t i on 

i n  re prod u c t i ve  e ff i c i ency o f  a h e rd i s  c h a ra c te r i sed  not  o n l y  

by the o vera l l f arrow i ng rate , b u t  a l s o  by the fa rrowi n g  ra te 

to i n i t i a l  s e rv i c e s  o n l y  and  the  proport i on  of  returns  t o  

serv i ces wh i c h we re of a bnorma l l e n g t h . Howe ver  the s ta n d a rd 

o f  the records  on many of the s u rvey fa rms , i n  respe c t  o f  t h e  

i dent i f i c a t i on  o f  i n d i v i d ua l  sows m a d e  ret r i eva l  o f  a ny da ta  o t her 

tha n the overa l l fa rrowi ng  ra te i mpo s s i b l e . 

• 

Fa rrowi n g  ra te wa s c a l c u l a ted on  a mon th l y  ba s i s .  A per i o d  o f  1 9  

days wo u l d  h a v e  been more approp r i a te a s  S i g no ret ( 1 9 7 0 ) fou n d  1 9  

days to b e  t h e  oe s trou s cyc l e l e n g t h  o f  94 . 5% o f  s ows / g i l t s i n  a 

l a rge s u rvey s tu dy .  Th i s  1 9 -day t i me pe r i od wou l d e l i m i n a te a ny 

b i a s  o ccurr i n g  due  to  the  dou b l e i nc l u s i on o f  a s ow wi t h i n  one  t i me 

peri od . H owe v e r , a t i me peri od o f  one  mon th  was s e l ec ted a s  the 

sma l l h e rd s i z e and hence the  sma l l to ta l n umber of  mat i n g s  on 

some of the fa rms i n  the s urvey wou l d have re su l ted i n  an a b sence 

of a ny o b s e rv a t i o n s  i f  a per i od o f  l e s s  tha n 28 to 3 1  days  h ad  

been  c ho sen ; t h i s s t i l l  occu rred i n  re s pe c t  o f  one  mo n t h  o n  
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one fa rm us i ng a 28  to 3 1  day t i me peri od . 

Ove ra l l ,  1 1 , 86 1  s e rv i ce records  we re obta i ned and  1 1 , 379 y i e l ded 

u s ea b l e data ; a wa s tage ra te of 4 . 1 % .  Reasons  for di s card i ng  

ma ter i a l  i nc l u ded , i na c c ura c i es i n  record i ng ,  i l l e g i b i l i ty of c a rd s , 

u n k nown ou tcomes of  p i g s  s o l d off the farm a nd where rea sons  

for  c u l l i ng co u l d not be determi ned . 

4 .  Stati st i c a l  Ana l ys i s :  

The ou tcome of 1 1 , 3 79  serv i ces wa s ca l c u l ated on a month l y  

ba s i s  a s  a p ro port i on o f  the number o f  s ows ma ted wh i c h we re 

s u bseq uen t ly  reported to h ave fa rrowe d . The raw data we re 

Bi nomi na l l y  d i s tr i b u ted . Th u s  to a na l ys e  the effect of ; yea r  

a nd month , reg i o n and fa rm , on farrow i n g  rate , ( for the pu rposes  

of s i gn i f i cant  te s t i n g ) i t  wa s ne cess ary to  trans form the  raw 

da ta to overcome the dependence be tween  fi rst  and second moments  

o f  the data d i s tr i b u t i o n . 

The  data we re transformed accord i n g  to t he F reeman-Tu key v a r i a nce 

s tab i l i s i ng a rc - s i ne t ra n s format i on ( a )  ( F reema n and Tu key , 1 950 ) 
where a = � arc s i ne�1 

� 
+ arcs i neY � 

w he re n = the s ampl e s i ze 

a n d  x = the n umbe r of s uccesses  observed 

L i near mode l s were f i tted to the da ta u s i ng  the G . L . I . M .  compu t i n g  

p ackage  ( Genera l i sed L i ne a r  I ntera c t i ve Mode l l i ng ) . The methods  
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The transformed farrowi ng ra te data  were a n a l ysed a t  2 l eve l s ;  

a reg i ona l  l eve l  ( model  1 )  a n d  a fa rm wi t h i n re g i on l eve l  

( mode 1 2 )  . 

Model  1 wa s a threeway cro ssed  c l a s s i f i ca t i on ,wi th i nteract i on 

model , descr i b i ng a nnua l  and  month l y  farrow i ng rate , to a l l  serv i ces  

on  a reg i ona l  ba s i s wi th fa rms  w i thi n each  reg i on a s  repl i ca te s . 

Mode l  1 :  The equa t i on o f  the mode l i s  

Y i j k l = u + ai +Bj + Ck + ( aB ) ; j + ( aC ) i k  + ( BC ) j k  + ( aBC ) i j k  

+ e i j k l 

whe re Y i j k l = The o bserv a t i on  on the l th i nd i v i dua l i n  the k th 

mont h ,  of the j th yea r  wi th i n  the i th re g i on .  

u The overa l l  popu l a t i on mea n  

a; = T he fi xed effect of the  i th reg i on ( i  = reg i on 1 to 4 )  

B · J 

ck 
( aB ) . . l J  
( aC ) i k  

( BC ) j k  

( aBC ) . .  k l J  

= The fi xed effect of t he j th year  ( j  = 1 to 2 yea r )  

The  fi xed effec t  o f  the k t h  month  ( k  = 1 to 1 2  mon t h s ) 

= T he effec t  of the  i nteract i on between reg i on and yea r .  

= The effect o f  the i ntera c t i on  between reg i o n and  mo nth  

= The effec t  of  the  i n te rac t i on between year and  mon t h  

= The effec t  of  t h e  i ntera ct i on between reg i on ,yea r a nd 
month . 

= A  ra ndom e rror term pecu l i a r to the observat i o n  

spec i fi ed by the i , j , k , l , s ub scr i p ts , des c ri b i n g  

the  de vi a t i on o f  t h e  observa t i ons  from t h e  expec te d  

va l ue under t h e  model . 
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Model 2 ,  i s  a two -way c rossed  c l a s s i fi c at i on , wi th i ntera ct i on 

mode l , de scr i b i ng  mon th l y  fa rrowi ng rate , to a l l servi ces  

on a fa rm wi th i n re g i on ba s i s ,  wi th yea rs a s  re pl i cates . Years  

were used  as rep l i c a tes  for fa rms , a s  the a nnua l  vari a t i on was  

fo und to  be  non s i g n i fi cant  i n  account i ng  for  vari at i on i n  

fa rrow i n g  rate . 

Model 2 :  The equa t i on  of  the wi th i n - re g i on mode l i s :  

y I i k l = U I + (li + (k 
I + ( etC ) I i k + e I i j k l 

where 

y I i k l  

u '  

a ' 
i 

C ' k 

(aC ) ' i k 

e '  i k l 

The o b servat i on of  the l th i nd i vi dua l  i n  the kth  

mo n t h  on the i t h farm . 

= The overa l l popu l a t i on mea n  

- The f i xed effect  of  t h e  i th farm ( i =  from 1 t o  5 )  

= The f i xed effect  of the kth  month ( k= l  to 1 2  month s ) 

= The e f fect  of  the i n tera ct i on between fa rm a nd month  

A random error te rm pec u l i a r to  the  observa t i on 

s pec i fi ed by the i l k  s ub scr i pts , de scr i bi ng the 

dev i a t i on of  t he observat i on from the expec ted va l ue s  

u n d e r  the model . 

U s i ng the G . L . I . M .  pa c ka ge to ana l yse t he trans formed data , t he 

contr i but i on o f  each  term i n  the model  wa s mea s ured by c hanges  i n  

the  de v i a nce res u l t i n g  from i nsert i on ( o r  de l e t i on ) o f  the factor 

from the  fi tted  mode l . ( Th i s i s  a n a l ogous  to the s ums of the sq ua re s 

i n  a typ i ca l  fi t t i ng constants  ana l ys i s ) .  

91 



Ana l yses  of  va r i ance were cons tru c ted  through a proces s o f  mode l  

a nd s ub -mode l fi tti ng . Tests  of s i g n i fi cance were carr i ed out  

u s i ng the  F test  fo r norma l l y  d i s tr i b uted va r i a b l es . The  l ea s t  

s i gn i f i c ant  d i fference te s t  wa s u s e d  t o  obta i n the l eve l  o f  

s i gn i f i cance  of  the d i ffere nces between the effe c ts wh i c h had  

s i gn i fi ca n t  F val ues i n  the  a na l ys i s  of var i a n ce on the  tra nsformed 

data . 

I n  the re s u l t s  sect i on the raw farrow i ng rates a re pre sented . 

Hm'ieve r ,  a s  t he ana l ys i s  of va ri ance  wa s pe rfo nned on the  t ransformed 

data , the s i g n i fi cance va l ues perta i n  to the tran sformed data . T h i s 

i s  the rea s o n  for a noma l i e s wh i c h may be seen between the s i gn i f i cance  

va l ues and  the  co rrespond i n g  raw data  va l ues presented . 
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RESULTS 

1 .  Ove ra l l Fa rrow i ng Rate : 

The re su l ta n t  fa rrow i ng  rate , for a l l serv i ce s  dur i ng t he two ­

year su rvey per i od , wa s 7 7 . 1% 

An nua l fa rrow i ng rates presented i n  Tab l e 7 ,  s how a s l i g ht l y  

l ower ( -0 . 9% u n i t s ) va l ue fo r the s econd yea r ,  b ut  the 

d i fference b e tween years wa s not  s ta t i s t i c a l l y  s i gn i fi c a n t  

( Append i x  I I ) .  

2 .  Month ly V'� r i a t i on  i n  Farrowi ng R a te :  

Overa l l ,  mo n th l y  fa rrowi n g  rate s , i l l u s tra ted i n  Fi g u re 6 ,  

s how that  ma t i ngs  conduc ted du ri n g  the  months  of  November  to  

February i nc l us i ve res u l ted i n  l ower fa rrowi ng  rates  ( 7 3 . 2 % )  

rel a t i ve t o  ma t i ngs  tak i ng p l ace  d u r i ng the other  month s  o f  

the year ( 7 9 . 1 % ) . Th i s  d i fference , however d i d not a t ta i n  

stat i s t i c a l  s i g n i fi cance  (Append i x I I ) .  Re fe re nce to Ta b l e 7 

shows t h a t  t he mon th l y  trend i n  fa rrow i ng ra te wa s e v i dent  

dur i ng both  years of the  study , b u t  more ma rked i n  the se cond  

year . However ,  the  yea r  x month  of  ma t i n g  i nteract i on wa s no t 

s ta t i s t i c a l l y  s i g n i f i ca n t  ( Appe nd i x I I ) .  
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TAB L E  7 :  I nf l u e nce  of  month  of mat i ng on  s u bsequent  fa rrow i ng ra te 

95 

month  JAN F E B  MAR APL MAY JUNE  JUL  AUG S E PT OCT NOV D E C  OV E RAL L 
yea r 
1 74 . 5  7 6 . 7  80 . 4  7 7 . 6  80 . 5  7 9 . 8  80 . 3  78 . 3  7 7 . 7  7 7 . 3  7 3 . 8  7 4 . 5  7 7 . 6  

2 72 . 8  7 3 . 9  74 . 3  8 1 . 7  8 3 . 1  8 1 . 3  78 . 2  8 1 . 4  7 5 . 6  7 7 . 6  7 2 . 2  6 7 . 9  76 . 7  

3 .  Reg i ona l D i f ferences  i n  Farrowi ng Rate : 

Mea n  fa rrow i ng  ra tes i n  the four  re g i ons  fo r each  year  o f  the 

s u rvey a nd overa l l a re s hown i n  Ta b l e S .  

TAB L E  8 :  Overa l l fa r row i ng ra te s  i n  t he  four  c l i ma t i c re g i on s . 

Regi on  H S+ HV+ w+ c+ 

Yea r 

1 76 . 7 7 8 . 2  76 . 6  80 . 4  

2 76 . 9 7 8 . 1  74 . 5 78 . 6  

Overa l l 7 6 . 82 78 . 2 1 75 . 52 79 . 6 1 • 2 

mea n s  wi t h  d i ffe re n t  s u perscr i pt  n umbers  d i ffer s i g n i f i c a n t l y  

( P < 0 . 0 1 ) 
+ H S  = H o t  a nd s ta bl e  HV=Hot  and  var i a b l e W =  Wa rm C=Co o l  



F i g  7 .  Mon th l y  fa rrow i n g  ra tes rel a t i ve to mon t h  o f  
serv i ce i n  each  o f  t h e  fou r  c l i ma t i c reg i on s  

1 - 1 Ho t  and  s t a b l e 1  ( HS )  

2 - 1 Hot  and  var i a b l e 1 ( HV )  

3 - 1 Warm 1 ( w ) 
4 - 1 Coo l  1 ( C ) 
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S ta t i s t i c a l  a n a l ys i s  of  t h e  tra n s fo rmed data ( Appendi x I I )  

reve a l e d  tha t  o vera l l fa rrowi ng  ra tes wa s s i gn i f i ca nt l y h i g he r  

for t h e  HV re g i o n re l a t i ve t o  HS  a nd  W reg i o ns ,  be tween wh i c h 

t here wa s n o  d i fference . A d i ffe re nce i n  overa l l fa rrowi n g  r a te 

b etwee n the  W a n d  C re g i ons � i n  fa v o u r  of  the l a t ter j u s t  fa i l ed  

to a tta i n s t a t i s t i c a l  s i g n i fi can�e at  the  5%  l ev e l  of proba b i l i ty .  

A l though , a d i ffe re n ce i n  fa rrow i n g  rate wa s a l so noted be twe e n  the  

HS  a nd  the C re g i on i t  was  not  s i gn i f i c a n t  ( P <  0 . 05 )  

There wa s no  s i g n i f i ca n t  ye ar  x reg i on i n tera c t i o n  fo r fa rrowi n g  

ra te ( Appen d i x I I ) .  

3 . 1 Mont h l y  va r i a t i o n  wi th re g i on : Da ta shown i n  F i g u re 7 g i ve 

s u b s e q u e n t  f a r rowi n g  rates  to mon t h l y ma t i n g s  re c o r d e d  i n  e a c h  

o f  t h e  fo u r  c l i ma t i c  reg i ons . Sta t i s t i c a l  a na l y s i s o f  t h e  d a ta 

o n  a re g i o n a l  ba s i s  ( Append i x I V . ) revea l ed tha t w i th i n the  HS  

o ne , t he  mon t h  of  ma t i n g  s i g n i f i c a n t l y ( P< 0 . 0 5 )  affected  the  

resu l tant  fa r rov1 i n g  ra te . W i th i n  the  other  th ree re g i o n s , mon th 

of ma t i n g  d i d not i n f l uence s u bsequent  farrowi n g  rate ( P> 0 . 05 )  

( Append i x  I V  ) . 

F i gu res g i ve n  i n  Ta b l e 9 ,  wh i c h re fer s pe c i f i ca l l y to the  H S  re g i o n  , 

s how t hat  ma t i ng s c o n d u c ted d ur i ng  the months  of  November  and  

Decembe r re s u l ted  i n  s i g n i f i c a n t l y  l owe r fa rrowi ng  rates  re l a t i ve 

to ma t i n g s  wh i c h  o c c u r red d ur i ng  the au tumn a n d  wi nter  mon ths . ( Apr i l 

to Aug u s t  i nc l u s i ve ) .  The resu l t a n t  farrowi n g  ra tes  fo r both  

No vembe r a nd De cember ma t i n g s  were a l so  s i g n i f i ca n t l y  l owe r than  

those  for Feb r u a ry ma t i ngs  ( P< 0 . 05 ) .  Farrowi ng rate s fo r J a n u a ry ,  

Ma rc h ,  September  a n d  October ma t i ng s  we re s i g n i f i ca n t l y l owe r than  

for ma t i n g s  i n  the  mon th s  of  May o r  June  ( P< 0 . 05 ) .  
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TABLE 9 D i fferences+ i n  re su l tant  fa rrow i n g  r a t e s  to mon th l y  ma t i n g s  i n  the ' hot  and  stab l e '  c l i ma t i c reg i on 

Rowco l umn 

January 

Februa ry 

Ma rch 

Apri l 

May 

June 

J u l y  

August  

September 

Oc tober 

November 

Decembe r 

JAN F EB MAR APL 

+10 . 1  +8 . 3  + 14 . 2  

- 1 . 8  + 4 . 1  

+ 5 . 9  

MAY JUN  
* * 

+14 . 1  + 14 . 7  

+ 4 . 0  + 4 . 6  
* * 

+ 4 , 0  + 6 . 4  

J UL Y  AUG SEPT  OCT NOV DEC 

+ 1 1 . 3  + 1 2 . 5  +8 . 8  +4 . 7  - 1 . 4  - 1 . 7 
* * 

+ 1 . 2  + 2 . 4  - 1 . 3  - 5 . 4  - 1 1 . 5  - 1 1 . 8  

+ 3 . 0  + 4 . 2  +0 . 5  - 3 . 6 - 9 . 7  - 1 0 . 0  
* *  * *  

- 0 . 1 + 0 . 5  - 2 . 9  - 1 . 7  - 5 . 4  - 9 . 5  - 1 5 . 6  - 1 5 . 9  
* * * *  * *  

+ 0 . 6  - 2 . 8 - 1 . 6 - 5 . 3  - 9 . 4  - 1 5 . 5  - 1 5 . 8  
* * * *  * *  

- 3 . 4  - 2 . 2  - 5 . 9  - 1 0 . 0  - 16 . 1 - 16 . 4  
* * 

+ 1 . 2  - 2 . 5  - 6 . 6  - 12 . 7  - 1 3 . 0  
* * 

- 3 . 7  - 7 . 8 - 1 3 . 9  - 1 4 . 2  

- 4 . 1 - 1 0 . 2  - 1 0 . 5  

- 6 . 1 - 6 . 4  

- 0 . 3  

+ month l y  d i fferences i n  fa r row i n g  ra te a re e x p re s s e d  a s  d e v i a t i o n s , i n  p e r c e n t a g e  u n i t s  f rom t h e  

month  i n  the l eft hand  c o l umn . 

I n  th i s  tab l e  ** 
= P< 0 . 0 1 a n d  * 

= P< 0 . 05 

\0 
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3 . 2  I nfl uence o f  fa rm wi t h i n reg t on :  Overa l l fa rrowi ng  ra te s for 

the i nd i v i dua l farms w i t h i n each of  the four  c l i ma t i c reg i on s  a re 

s hown i n  Tab l e  1 0 . U s i ng l i near model  techn i ques , d i fferences  

i n  overa l l fa r rowi ng ra te between the  fa rms wi t h i n each  reg i on 

h ave been c a l c u l a ted ( Append i x I I I ) .  

TABLE  10 : Overa l l farrowi ng  rates fo r fa rms wi t h i n each  reg i on 

Reg i on Farm 1 2 3 4 5 ove ra l l 

H S  1 9 1 . 4a 7 2 . 32 65 . 1 2 85 . 2G 65 . 4 2 76 . 8  

HV 79 . 1 1 88 . 32 80 . 9l ' 2 90 . 7 � 70 . 6 3 78 . 1  

w 7 4 . 3� 81 . 5� · 3 5 5 . 92 82 . 1 3 7 9 . 6 1 ' 3 7 5 . 5  

c 74 . 1 1 87 . 92 7 2 . 6 1 90 . 52 6 9 . 4 1 7 9 . 5  

I n  th i s  t a b l e  d i fferent  s u pe rsc r i pt  n umbe rs denote P< 0 . 0 1 

a nd d i ffere n t  s ubscr i pt  l e t ters denote P< 0 . 05 

S ta t i s t i ca l  a n a l ys i s  of the trans formed data for fa rms i n  the 

' ho t  and s ta b l e '  c l i ma t i c re g i on revea l ed that the ove ra l l 

farrowi ng rates  we re s i g n i fi can t l y  h i gher  ( P< 0 . 0 1 )  for farms 1 a nd 

4 re l a t i ve to farms 2 , 3 and  5 ,  betwee n  wh i ch there was no d i fference 

( P > 0 . 05 ) . A d i ffe rence i n  ove ra l l farrowi ng  rate between fa rms 

3 a nd 4 ,  i n  favour of the  forme r wa s s i g n i f i c ant  a t  the  5%  

probab i l i ty l eve l ( Append i x  I V ) . 

I n  respe c t  o f  farms wi t h i n the ' Ho t  a nd var i a b l e '  reg i on ,  fa rms 

2 ,  3 a nd 4 each  had a h i gher  overa l l fa rrowi n g  ra te compa red wi th 

fa rm 5 ( P< 0 . 0 1 ) .  The d i fference  i n  farrowi ng  ra te be tween fa rm ' 
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F i g  8 :  Fa rrowi n g  ra te i n  rel a t i o n  t o  month  
o f  s e rv i ce  for the  f i ve farm s  i n  the ' Ho t  and  s t a b l e '  
c l i ma t i c  reg i on .  
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1 a n d  5 wa s a l so  s i g n i f i ca n t  i n  favour of  Farm 1 . ( P<0 . 0 1 ) .  The 

d i ffere nce  i n  overa l l  fa rrowi ng  r a te between farm 1 and 3 wa s 

not of  s ta t i s t i ca l  s i gn i fi cance , but  a d i fference at  the 5% 

l ev e l  of  p roba b i l i ty occurred be fween farms 3 and 4 ,wi t h  farm 4 

hav i ng the  h i gher overa l l farrowi ng ra te ( Ap pend i x  I V ) .  

Wi t h  reference to fa rms i n  the ' wa rm '  re g i on s tat i st i ca l  a n a l y s i s 

of the  transformed data ( Append i x  I V )  showed that the overa l l 

far rowi n g  rate fo r farm 3 wa s l owe r rel a t i ve to that  for the other  

fou r  farm s  ( P<0 . 0 1 ) .  Overa l l  fa r rowi ng rate s howed no s i gn i f i c ant  

d i ffe re nce  between fa rms 2 ,  4 a n d  5 or  between farm 1 a n d  5 ,  

but  a d i ffe rence i n  farrowi n g  rate be tween  farm 1 and 2 ,  i n  favour 

of the  l a tte r ,  was s i g n i f i ca nt a t  5% proba b i l i ty l evel . 

I n  t he  ' Cool  ' reg i on farm 2 and  4 had the h i g hest  overa l l  fa rrowi ng  

rates  and  these d i ffered s i g n i f i cant l y  ( P< 0 . 01 ) from corre spond i ng 

v a l ues  for the other  farms , between wh i c h there were no  d i fferences  

( P< 0 . 05 . )  

Mont h l y  farrowi ng  rates  for e ach  of the  f i ve farms wi t h i n the ' hot  

a n d  s t ab l e '  c l i ma t i c reg i on a re shown i n  F i uure 8 .  There  wa s no 

s i g n i f i cant  Fa rm x mo nth of  ma t i ng i nterac t i on ( P >  0 . 05 ) ( Appe nd i x V ) .  

Neverthe l e ss , refere nce to F i g u re 7 s hows that  the overa l l s i gn i f i cant  

sea sona l pa ttern e xh i b i ted for fa rrowi ng ra te i n  th i s  reg i on  wa s 

not rep resenta t i v e  of  each of  the  f i ve farms . Thus , there wa s 

a t re n d  for var i a t i on between  fa rms . The mon th l y fa r rowi ng  rates  

recorded for farm 1 were con s i s tent ly  h i g h .  There was no  i nd i c a t i o n 

o f  a decrease for ma t i ngs  conducted dur i ng the l ate s p r i ng and  

s ummer months  ( Nov  to  Jan . i n c l u s i ve ) ( 94% ) . 



/ 

H i g h  mon t h l y  fa rrow i ng ra tes were a l so observed fo r fa rm 4 .  

Howe ve r , a seasona l  pa ttern , s i m i l a r to that  for the re g i on a s  a 

who l e wa s d i scerna b l e .  Ma t i ng s  conducted dur i ng  the mon th s  

o f  November t o  Janu ary , i nc l u s i v e · re s u l ted i n  l owe r fa rrowi ng 

rates ( 7 5 . 3% )  rel a t i ve to mat i n g s  ta k i ng p l ace d uri n g  the  other  

mon t h s  of the  year ( 88 . 3% ) . A s ea sona l  trend  i n  mont h l y  fa rrowi ng  

ra te wa s ev i de n t  i n  both  farm 2 a nd 5 .  

I n  farm 2 ,  a ma rked de crea se i n  fa rrowi ng  ra te wa s noted for 

mat i n g s  wh i c h occurred dur i ng the months  Oct . to Dec . i nc l u s i ve 

( 48 . 8% )  re l a t i ve to the rema i nder  of the year ( 79 . 3% ) , w i th a 

pa rt i c u l a r l y  l ow farrowi ng  ra te of 29%  recorded duri ng  the mo nth 

of Decembe r .  

I n  fa rm 5 ,  a decrease  i n  fa rrow i ng ra te for an i ma l s  mated over the 

l a te s p r i ng and s umme r mo nths  ( Nov . to Ma r . i nc l u s i ve ) ( 50 . 8% )  wa s 

appa re n t  when  compared to the fa rrowi ng rates from ma t i ngs  

ta k i ng  p l ace  duri ng the  other months  of the  year ( 7 5 . 3% ) . 

Genera l l y ,  l ow mo nth l y  fa rrowi n g  ra tes were recorded i n  fa rm 3 .  

Al t ho u g h  mon th l y  fl uctuat i on s  i n  the farrow i ng rate were observed , 

there wa s not con s i s tent  p atter n . 

Month l y  fa rrowi ng  rates for e ach  of the  fi ve farms i n  the other 

three c l i ma t i c reg i ons a re s hown i n  Appe nd i x  V .  Aga i n ,  there 

wa s no  s i g n i fi ca n t  Fa rm x mon th of ma t i n g  i nteract i on  ( P> 0 . 05 )  

i n  a ny of  the reg i on s , ( Append i x I V )  b u t  a trend fo r v a r i a t i on 

between  farms wa s a l so  observed . ( Append i x  V ) . 
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D I SCUSS I ON 

The .  present  s t udy wa s de s i gned to obta i n  i n forma t i on on  the 

degree  of  sea s ona l  var i a t i o n i n  fa rrowi ng ra te preva i l i n g i n  

New Zea l a nd p i g u n i t s . I t  may be argued tha t the va l u e s  a nd 

trends  reco rded were un i que to the 20  co -opera ti ng  fa rms a nd 

may h a v e  occurred o n l y  duri n g  the  two-ye a r  peri od of the i nves t ­

i ga t i o n . However , a l though  the se  fa rms were not ra ndom l y  

s e l e c te d , they can  b e  con s i dered t o  b e  representa t i v e  of  ma ny 

s i mi l a r s i zed u n i ts i n  New Zea l and . 

The overa l l fa rrowi ng  ra te on t he  fa rms ( 7 7 . 1 % )  wa s we l l  bel ow 

the  l e ve l  of 85% , a va l ue often quoted a s  that  wh i ch s hou l d be 

a t ta i na b l e  on e ff i c i ent  commerc i a l enterpri ses  ( Wratha l l  1 9 7 7 ) .  

Th i s  s uggests  that  i nfe rti l i ty wa s undoubted ly  presen t .  

Exami n a t i on o f  the data o n  a re g i ona l ba s i s  revea l e d t h at  the 

farrow i ng  ra te for each reg i on s howed no ma rked d i vergence from 

t h e  overa l l mea n . Al though , mean fa rrow i n g  ra te fo r the 1 Hot 

and v a r i a b l e 1  reg i o n wa s s i g n i f i ca n t l y h i gher compa red wi th  the 

1 Wa rm 1 and  1 COo l  1 reg i ons  the  d i fferences  were sma l l a nd not 

cons i d e red l i ke l y to be  of pra c ti ca l  s i g n i f i ca nce . 

C l o s e r  exami nat i on of the da� a t  fa rm l eve l  showed tha t t h i s 

factor  wa s a maj or source of  v a r i a t i on  i n  far row i ng  ra te wi t h i n 

each  reg i on . Of p art i c u l a r  s i gn i fi cance was that 30% of a l l 

farm s  had  a n  overa l l fa rrow i ng ra te a bove 85% . Thi s i nd i c ates  

t h a t  t he  i nfe rt i l i ty prob l em ,  h i gh l i g h ted  i n  the  o v e ra l l a n d  
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reg i on a l  fa rrow i n g  ra tes i s  n o t  i nd i c a t i ve of l ow fer t i l i ty 

on  a l l the  fa rms i n  the s tu dy .  Neverthe l e s s , of the rema i n i ng 

70% of fa rms wh i ch had  an  overa l l . fa rrowi ng ra te bel ow 85% , 

1 1  fa rms had  a fa rrowi ng rate  be l ow 80% wh i c h i ncl uded three 

fa rms where the overa l l fa rrowi ng  ra te wa s more than 2 0% u n i ts 

be l ow the accepta b l e  85% l eve l . 

The co -opera t i ng  fa rms were s p read  over a range of o u tdoor c l i ma t i c 

cond i t i o n s  and  s u bject  to a v a r i ety of man a ge r i a l  sys tems under  

equa l l y  d i verse hous i ng s ta n da rds . As  reproduc t i ve tra i ts ,  i n  

the  p i g ,  are ma i n l y  i n fl uenced by the env i ronment  and  c ross  breed i ng 

( Ki ng ,  1 9 7 2 ; B i c hard  a nd Sm i th , 1 97 2 ) ,  t h i s wi de  ra nge i n  

overa l l fa rrowi n g  rate for fa rm s  i s  not  unexpected . 

Exam i na t i on of farm performa n c e  i n  farrowi ng r ate o n  a re g i on a l  

ba s i s  s howed t h a t  t he exte n t  o f  t h e  va r i a t i on i n  th i s  pa rameter  wa s 

s i m i l a r for a l l re g i on s  and  of  greater  ma g n i tude tha n the d i ffe rences 

be twee n  reg i ons . Th i s  wou l d  i nd i cate  tha t the d i ffe rence i n  

cond i t i o ns  on  the fa rms had  a g reater  i nf l uence on overa l l fa rrowi ng 

ra te t h a n  the a n nua l v ar i a t i on i n  c l i ma t i c cond i t i on s  between 

the reg i ons . I t  i s  wor thy of  note tha t there wa s n o  marked reg i ona l  

v a ri a t i on i n  the  a nnua l  mea n s  for the  c l i mat i c vari a b l es . 

Howe ve r ,  muc h  depends upon the  var i a t i o n  a bo u t  the a n n ua l  means  

i n  e a c h  reg i on , fo r w i thout  a knowl edge o f  such  va r i a t i on i t  wou l d  

be u nw i se to conc l ude th i s  i s  the so l e rea son  for t h e  fa i rl y  s i mi l a r 
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overa l l farrowi ng  rate found  fo r each  reg i on . W i th i n  each  

re g i on there we re two or t hree farms wh i ch had  an  overa l l 

fa rrow i n g  rate a bove 80% , a v a l u e · often q u o ted a s  a ba se l i ne 

be l ow wh i ch remed i a l  act i on s h o u l d be ta ken ( Wra thal l ,  1 9 77 ) .  

Th i s  cou l d  i mp l y t h at  the c l i ma t i c  cond i t i on s  preva i l i ng i n  New 

Zea l and  thro u g ho u t  the yea r  do not  adverse l y  a ffect fa r rowi n g  

ra te a nd consequen t l y  d i fferenc es  recorded i n  th i s pa rame te r 

a re l i n ked wi th cond i t i ons s pe c i fi c  to i nd i v i dua l farms . Al te rna t i ve l y ,  

i t  co u l d equa l l y  we l l  b e  that  farrowi ng  rate i s  i nfl uenced by 

the  c l i mat i c env i ro nment  of the  cou ntry b u t  for other reasons  

some fa rms , b ut  n o t  others , a re c a pa b l e of bufferi ng th i s  effec t .  

T he re a re probab l y a l so a few farms where the outdoor c l i ma te may 

a g g rava te an ex i s t i ng fe rt i l i ty prob l em .  C l ear l y ,  from a 

con s i dera t i o n  of overal l fa rrow i ng ra te s , i nfe rt i l i ty i s  

p re s e n t  i n  a l l fou r  reg i o ns  but  th i s i s  overshadowed by a 

ma rked  farm va ri a t i on wi th i n  each  of them . Th i s ra i se s  the q ue s t i on 

of what proport i on  of the i nfer t i l i ty occ u rri ng in  each  re g i on 

i s  sea s ona l l y  or i e n tated and  what i nf l uence has  the fa rm s i tua t i on 

u po n  i t .  

Overa l l ,  a l thoug h season of ma t i ng d i d  not  s i gn i fi ca n t l y  i nfl uence 

reproduct i ve perfo rmance , mon t h l y  fa r rowi n g  rate rea c hed  i ts 

l owe s t  l evel  i n  those a n i ma l s mated i n  November to Februa ry 

i nc l u s i ve .  I n  contra s t  the h i ghest  fert i l i ty l eve l occurred i n  

a n i ma l s mated i n  Apri l to Aug u s t ,  i nc l u s i ve .  These mont h l y  
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d i fferences a l though  of some pract i c a l  s i g n i fi cance  were not 

nea r l y  as  ma rked a s  compa rab l e  va l ues  from oversea s , where 

' s umme r '  i n ferti l i ty ha s been  noted to occ u r  ( Enne  e t  a l , 

1 97 9 ; Be v i er and  Ba ck s trom , 1 980 ) . 

A further  a n a ly s i s  of  mon t h l y  fa rrowi ng  ra tes , on a reg i ona l 

ba s i s  revea l e d a s i gn i fi c a n t  seasona l  d i ffe rence wi t h i n  the 

' ho t  and stab l e '  re g i on .  Thus , the s ub sequent  fa rrowi n g  rate 

for s ows  ma ted dur i ng l ate  s pr i ng  and  s umme r  wa s l owe r ( 7 0 . 2% ) , 

tha n  t ha t fo r the  l a te a u tumn-wi nter  per i od ( 8 1 . 9% ) . A s i m i l ar 

but  non- s i gn i fi c a n t  sea sona l pa ttern wa s i dent i f i ed i n  the ' wa rm '  

reg i on ,  but  there wa s no detectab l e mon t h l y effe c t  fo r the ' coo l ' 

re g i o n . The seasona l  trend i n  porc i ne reproduc t i on noted wi th i n 

t he  re g i ona l d a ta may be i nd i ca ti ve of  t he presence of ' s umme r ' 

i nfe r t i l i ty i n  New Zeal a nd . I t  i s  worthy of note , howeve r , that  

a compa ri son of mean  far row i n g  ra tes for  the s ummer or l a te 

s pr i n g  a nd s ummer peri od wi t h  o verseas  s tud i es , whe re ' s umme r '  

i nfert i l i ty ha s undoubte d l y  occ urre d , i nd i cates  tha t the extent  

o f  the  i n fe rt i l i ty is  l e s s  seve re i n  the  p resent  study ( Stone , 

1 977 ; Enne  e t  a l , 1 979 ; Bev i e r  and  Ba c k s trom , 1 980 ) . Th i s  i s  

i s  u nders tandab l e  a s  the c l i ma te i n  New Zea l a n d  i s  l es s  extreme 

than  t h a t  i n  wh i c h the oversea s stud i e s  were conduc te d . For 

exampl e ,  ma x i mum dai l y  amb i e n t  tempe rature s  freque n t l y i n  e xce s s  

of  3 2°C we re reported over the ' s ummer ' i nferti l i ty pe r i od by 

Stone ( 1 977 ) a nd Paterson et a l  ( 1 978 ) . I n  contras t ,  a l tho ugh  

co rre s pond i ng ambi ent tempera t u res  i n  exces s of  32°C have been 

reported i n  New Ze a l a n d ,  s u c h  el evated va l ues a re compara t i ve l y  
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rare , p a rt i cu l a r l y for any l en g th o f  t i me . 

Of p a rt i c u l a r  s i gn i f i cance  i n  the  curre n t  reg i ona l  a n a l ys i s 

of mon t h s  fa rrowi ng  rates i s  the  a bsence o f  a seasonal  d i fference 

i n  the  ' Hot  and var i a b l e '  reg i o n .  I t  may be that  the v ar i a t i on i n  

d i u r n a l  tempera t u re ena b l e s  a n  a n i ma l  to recuperate , from a 

hea t s t ress  s i t u a t i on  duri ng  t he  hotter mon ths  of  the yea r  wh i c h 

may o therwi se h a ve a de tri me n ta l effect on  rep roducti v e  pe rforma nce . 

Howev e r  the l i ke l i hood of th i s  effe c t  seems remo te . De sp i te 

a l ac k  of  i nforma t i on concern i n g  t h i s s u bj ect , i t  has been  

repo rted tha t i n fe rti l i ty can  be a prob l em dur i ng  the a u t umn months  

( St o rk , 1 9 7 9 ) a  sea son i 'l  wh i c h d i u rn a l  tempe ra ture v ar i a t i on  can  

be  q u i te ma rked . Furthermore , i n  the  pres ent  s t udy , the  

d i ffere nce i n  me a n  mon th l y  d i urna l  tempera t ure fl uctua t i on 

be twee n  the ' Ho t  a nd stab l e '  re g i on a nd  the  ' hot  and v ar i a b l e '  

one i s  compa ra ti ve l y  sma l l .  Con seque n t l y  any d i ffe re nces  i n  

th i s  p a rame te r  a re un l i k e l y  to  be re spons i b l e  for t he  d i fference  

i n  mon t h l y  fa rrowi ng  ra te be tween the two reg i ons  i n  q ue st i on . 

I t  i s  a l so worthy of  note t h a t  ta k i n g  one mean tempera ture fi g ure 

to rep rese n t  a mon th l y  s i tua t i on h a s  ma ny l i mi ta t i o n s . Thus  a n  

a c c u r a te compa ri son i s  d i ffi c u l t a s  a l l re l a ti ons h i p s  e s ta b l i s hed 

be twee n the temperature va l ue and the mea s u re of re p roduc t i ve 

i ne ffi c i ency c hosen re l a te o n l y  to t he month whe n s e rv i c e took 

p l a ce a n d  n o t  t o  t h e  t i me whe n reproduc t i on  a c tual l y  fa i l e d .  Thi s 

rea s on i ng i s  e q u a l l y  a p p l i ca b l e to the mea n  mont hl y ma x i mum 

tempe rature va l ue al so con s i d e red i n  the s tudy . To further 
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T h i s pa tte rn e s tab l i s hed between  mea n  mon t h l y  maxi mum d a i l y  

tempe ra ture a nd the month l y  fa r rowi ng  ra te i n  the ' ho t  and  

s t a b l e '  and the ' warm ' reg i o n s  r�semb l e s  that  recorded i n  

seve r a l  over seas  studi es ( Corteel  et  a l , 1 964 ; Stone , 1 97 7 ; 

Rob i n s o n  a nd v a n  N i ekerl< , 1 978 ; Enne e t  a l . ,  1 979 ; Stork , 1 9 7 9) . 

I t  s ho u l d be noted , however , t ha t  the maxi mum dec rease  i n  the 

mon t h l y  farro'lli n g  rate wi t h i n these  two reg i ons , gen e ra l l y  

occu r re d  before the h i ghe s t  month l y  mean  da i l y  maxi mum tempera ture 

wa s a tta i ned . ( i e .  i n  the s p r i ng a nd ear l y summer mon t hs ) ( F i g ure 9 )  

I t  i s  worthy o f  no te tha t i n  s ome oversea s stud i e s  , where ' s ummer ' 

i n fe rt i l i ty has  undoubted l y  occurred , a decl i ne i n  farrowi ng  rate 

wa s a l s o observed duri ng s p ri n g  ( Stone , 1 977 ; Be v i e r  a nd 

B a�ks trom , 1 9 7 9 ) . Unfortunate l y , deta i l ed i n fo nnat i o n concern i ng 

the c l i ma te had  not been pre sented . I n  the present s tu dy ,  

exami n a t i o n  of  the meteoro l og i ca l  data shows t hat  da i l y ma x i mum 

temperatures  s i mi l ar to those  expe ri enced duri ng  the month  w i t h  

the h i ghest  mea n  month l y  ma x i mum temperature ( February )  occ ur  

dur i n g  the preced i ng peri od ( November  to January i nc l u s i ve ) .  The 

h i g he r  farrowi n g  rate recorded i n  Febru a ry compa red w i th that for 

the  months  of  November , December and January ,  may pos s i b l y  be 

ta k e n  as a n  i nd i ca ti on of  the a bi l i ty of  s ome of  the  ( l es s  stre s s  

s u s ce pt i b l e )  b reed i ng s tock t o  acc l i ma t i se t o  the " hot  " cond i t i on s  

by t h i s  t i me .  Al terna t i ve l y ,  i n  v i ew of the c ha ngeab l e outdoor 

c l i ma te expe ri enced du r i n g  the  months  of November ,  December , and 

Jan u a ry ,  i t  may be that fa rrow i n g  ra te i s  not  on l y  i n fl ue nced by 

the  l eve l of  max i mum ambi e n t  tempera ture per se but  by the ra te a t  

wh i ch changes  i n  amb i e n t  tempera ture occur a round the  ma t i ng  t i me . 
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F I GURE  9 : The mea n  month l y  ma x i mum d a i l y  temperatu re a n d  

t he mon t h l y fa r rowi ng  rate rel a t i ve  t o  t he mon t h  o f  

s e r v i ce i n  e ach  o f  t h e  4 c l i ma t i c reg i o n s . 

Reg i ons : 

1 - ' Ho t  and  s t a b l e ' ( HS )  

2 - ' Ho t  a nd va r i a b l e '  ( HV )  

3 - • wa rm • (W ) 

4 - " Coo l • ( C )  
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compl i ca t e  the s i t u at i on , ma ny s tu d i e s  of porc i ne i n fert i l i ty 

i n  the s umme r month s ,  whi c h  have  i mp l i cated heat  s tres s  a s  a 

ma j o r  c a u s a l  fa cto r ,  su ggested d i fferent  1 S tre ss 1 s u scept i b l e  

stages , e g . ,  the wean i ng to rema t i ng peri od  ( M i t i c et  a l , 1 965 ; 

Ste i nbach , 1 976b ; Love , 1 9 78 ) ; a ro und the t i me of ma t i ng  and  

i mmed i a te l y  postma t i n g  ( Tomp k i ffi et a l , 1 96 7 ; 0mtvedt e t  a l , 1 9 7 1 ) 

a nd  the peri od of i mp l anat i on ( Ne l son et  a l ; 1 97 0 ; 0mtvedt e t  a l ; 

1 9 7 1 ) .  

Des p i te  t he d i ffi c u l t i e s i n  ma k i n g an  a c c u ra te compar i s on between 

mea n  d a i l y  ma xi mum temperature and reprod uc t i ve effi c i e n cy , one 

s tudy h a s  recorded a s i g n i f i c a n t  nega t i ve a s soc i at i on be tween th i s 

c l i ma t i c va ri ab l e du ri ng the wee k  of ma t i n g  and the s ubseq uent 

reprodu c t i ve performance of a h e rd ( Paterson  et  a l  .; 1 978 ) 

A s i gn i f i cant  negat i ve correl a t i on has  a l s o  been reported  between 

the mea n  mon thl y da i l y  ma x i mum temperature a nd mean mon th l y 
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fa rrowi n g  rate , b u t  the a s soc i a t i on wa s of  a l ow order  ( Hermann , 1 980 ) . 

I n  v i ew of the l i mi tat i ons of  the  mont h l y  tempera ture pa rame ter  

d i s c u s s e d  previ ou s l y ,  t h i s l ow rel at i ons h i p i s  perhap s  not  

une xpec ted . Neve rthe l ess , d ata presented i n  F i gure 9 ,  wh i c h rel a te 

to the presen t s t udy prov i de s ome ev i dence of a nega t i ve  a s soc i a t i on 

be twee n  mean  month l y  max i mum da i l y amb i e n t  tempera t u re and month l y  

farrow i n g  ra te i n  the 1 Hot  a n d  s tab l e 1 a nd the 1 Wa rm 1 c l i mat i c 

reg i o n s . There i s  no i nd i c a t i o n  of a s i mi l a r re l a ti on s h i p i n  e i ther 

the 1 ho t  and  va r i ab l e 1  or  the  1 COo l  1 c l i ma t i c  reg i o n s  respect i ve l y . 



I n  the a b se nce of  obj ect i ve data , however ,  these v i ews mu s t  

rema i n  a s  s pecu l a t i ve . 

Overal l ,  i t  seems tha t expos ure to t herma l s tres s  i s  l i ke l y  to 

be i mpl i cated  i n  ' s ummer ' i nfert i l i ty .  Here therma l s t res s  can  

be  cons i dered to encompa s s  a l l the  c l i ma t i c fac tors eg . rad i a t i ve 

hea t l oa d  ( Bond e t  a l , 1 9 54 ) ;  re l a ti ve humi d i ty ( Tea gue  et  a l  , 1968 ) 

and wi nd  ve l oc i ty ( Morr i son et  a l , 1 976 ) . However , i t  i s  

p roba bl e t h a t  expos u re to ' ho t ' cond i t i on s  i s  but  one o f  a n umbe r 

of ' s t re s s o r s ' i nvo l ved i n  ' s umme r ' i n fe rt i l i ty .  Furthermore , 

i t  i s  recogn i sed t ha t the extern a l  env i ronmenta l  co nd i t i o n s  

to wh i c h  a p i g un i t  i s  expo sed a re o n l y  o f  s i gn i fi cance  i n  s o  

far as  they are capa b l e o f  determ i n i ng t h e  m i croenv i ronme n t  o f  

the s tock  w i th i n .  T hroughou t a g i ven  yea r a p i g un i t  may we l l  be 

s ubjected  to a w i de ra nge of externa l  e n v i ronmenta l  cond i t i on s  

wh i c h d i ffer wi th  the  l ocat i on , e v e n  i n  the  same c l i ma t i c reg i on , 

of the coun try ( e g . the rma l s tre s s , d i sea se  s tatus ) .  However , 

the type o f  env i ronmenta l  control  opera t i ng  on  i nd i v i d u a l  un i ts 

may mod i fy the s ta te of stres s  i mposed on the an i ma l  by the  

extern a l  e nv i ronme n t . 

An exami na t i on o f  the month l y  fa rrowi ng rates for i n d i vi d u a l  

farms w i t h i n  eac h  reg i on s hows t h a t t h e  var i a ti on betwee n farms 

i s  fa r i n  exce s s  o f  the reg i ona l d i ffere nces .  I n  v i ew o f  th i s  

wi de var i a t i on i n  fa rrowi ng  rate , i t  seems l i ke ly  t hat  t he  

reg i ona l d i fferences  noted i n  t h i s pa rameter a re more t he  end 

res u l t of  the de g ree of contro l  e xerted over the e n v i ronment  on 

each  of  the  f i ve farms wi th i n  ea c h  reg i on tha n of the  re g i ona l 
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d i fferences e n countered i n  outdoor cond i t i on s . Th i s proba b l y  

s e rves  to exp l a i n the d i ffe rences  i n  t h e  reg i on a l  fa rrowi ng  

rate  pattern , p a rt i cu l a rl y  between t he  ' hot a nd s tab l e '  and  the  

' ho t  and va r i a b l e '  c l i ma t i c  reg i o� s . 

De s p i te the w i d e  var i a t i on  i n  mon t h l y  fa rrowi ng rates for t he  

farms wi th i n  the  ' hot and  stab l e '  reg i on ,  a degree of ' s umme r ' 

i nferti l i ty wa s s t i l l  e v i den t .  That  ' s umme r ' i n fe rt i l i ty wa s 

l e s s  e v i den t i n  the ' hot  and  var i a b l e ' reg i on was undoubted l y  

t he re s u l t of  marked farm vari a t i on i n  fa rrow i ng rate t hroughout  

the  yea r .  T h u s , a l though  one  farm o bv i ous l y  had  a ' s umne r ' 

i nfe rt i l i ty prob l em ,  t h i s was offset  by h i gh month l y  fa rrowi ng  

ra tes throughout  the yea r  on  t hree fa rm s  and  a constant  fe rt i l i ty 

p rob l em on  the fi fth fa rm i n  th i s  re g i on ;  the  e nd re s u l t wa s the 

l ac k  of an overa l l sea sona l pattern i n  farrowi ng  ra te fo r t h i s 

reg i on .  

Th i s  pat tern  wa s a l so e v i dent i n  the  ' wa rm '  a nd  ' cool ' c l i ma t i c 

reg i ons  where farms s howi ng  some deg re e  of s ea sona l i n fe rt i l i ty 

were con s i dered a l ong w i t h  fa rms wh i c h  had a c h i eved h i g h  fa r rowi ng  

ra te s i rre s pecti ve of  s ea son and o n  the  other  extreme u n i t s  

p l agued wi t h  a pers i s tent  i n fert i l i ty prob l em .  Thus , e v e n  t h o u g h  

there wa s e v i dence of  ' summe r ' i nfert i l i ty i n  a l l t h e  reg i on s , i ts 

i nc i dence cou l d  on l y  be  refl ected i n  the mon t h l y  farrowi n g  r a te 

trend for the  ' hot a n d  s tab l e '  reg i on .  Thus , present  fi n d i ng s  wou l d  

suggest  tha t the ' s ummer ' i n fert i l i ty prob l em d i d  occur on  s ome 

fa rms i n  a l l four  c l i ma t i c reg i on s  b u t  a ppea rs to be more i n  

ev i dence i n  t he ' hot  a nd stab l e '  reg i on .  
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Of part i c u l ar  s i gn i fi cance  however ,  i s  tha t even i n  th i s  re g i o n  

n o t  a l l the farms experi enced ' s umme r ' i nferti l i ty .  The wi de 

v ari a ti on i n  overa l l fa rrowi ng  rate , be tween i nd i v i dua l fa rms 

i n  e a c h  re g i o n , may be taken  to ihd i cate tha t the ex tent of the  

env i ro nmenta l  con tro l  mea s u res  ope ra t i n g  on  each  fa rm , a re of 

maj o r  i mportance i n  i n fl ue n c i n g  the rep roduct i ve effi c i ency of the  

herd . Wi th  reference to fa rm vari a t i o n  i n  mon t h l y  fa rrowi n g  rate  

i n  t he ' hot  a nd s t a b l e ' c l i ma t i c  reg i on , i t  i s  worthy of note 

that  a n  i ndepe nden t cl a s s i fi ca t i on of the  standard of hous i ng fo r 

breed i ng s tock , a pp l i ed to a l l 20 fa rms , p l aced one fa rm , a 

u n i t wi th  extreme l y  h i gh fa rrowi ng  ra tes i rrespect i ve of season , 

i n  the  top c ate go ry .  On the  o ther hand , another fa rm , i n  th i s  

reg i o n wi th a ma rked i nc i dence of ' s ummer ' i nfert i l i ty ,  wa s 

a s s i gned to the l owe s t  hou s i n g ca te gory . Further exam i nat i on of 

the b u i l d i ng score awarded to each  fa rm s howed tha t those wi th  

the  h i g he s t  hou s i ng s tand a rds a l l a c h i eved the better farrowi n g  

ra tes . I n  con tra s t  farms w i th  the l owes t  b u i l d i n g s tandard s  

genera l l y  exh i b i ted the l owe s t  overa l l fa rrowi ng ra tes and  

experi enced h i g he st  sea sona l ' s ummer ' de c l i ne i n  fa rrowi ng rate . 

Overa l l ,  ma ny types of hou s i n g  were encountered i n  the s tudy 

w i t h  no s i m i l a r s tandard be i n g  i n  ev i dence  fo r any one reg i on .  

Consequentl y ,  i t  i s  q u i te p ro ba b l e t h at  the var i ab l e s ta ndard of  

hou s i n g  for b ree d i ng  s toc k on  the farms accounts  � n  pa rt a t  

l ea s t  for the var i a t i on  i n  farrowi ng  ra te  recorded for i nd i v i d u a l  

u n i t s  wi th i n  e a c h  reg i on .  
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The pos s i b l e  effect  o f  hou s i ng s tandard for b reed i ng stock  on 

farrow i ng  rate , i s  i l l u s trated by reference to  one fa rm where ove r 

the two -year peri od ,new bu i l d i ngs  we re ere c te d  such  that  the 

bu i l d i n g c l a s s i fi ca t i on cha nged from the l owes t  to the h i ghest  

c ategory .  Fol l owi ng the b u i l d i ng a l tera t i on s there wa s a dramat i c 

favoura b l e change i n  fa rrowi ng  rate ( F i g ure 1 0 ) . Thus , mean 

month l y  farrow i n g  ra te rose  from 7 7 . 1% whe re the stoc k were 

extens i ve l y  housed  ( i e .  outdoors wi th un i ns u l a ted s he l ter , g roup  

pe nn i n g , g roup  feed i n g ) ,  t o  9 1 . 7% fo l l owi n g  t he i r trans fer to 

the new i nte n s i ve a c commoda t i o n  ( i e .  ent i re l y  i ndoors ; h i gh  

s tanda rd of i n s u l a t i on , i nd i v i d u a l  penn i ng ) .  Unfortunate l y ,  

n o  compa ri son cou l d be made fo r the s ummer o r  l a te spr i ng  and  

s u mme r peri od  a s  t he change  took  pl ace i n  Februa ry 1 9 7 8 . As  no  

d i sease  prob l ems we re ev i de nt  before the  c hange of  hou s i ng and  

there  were no s u b seq uen t changes  i n  the ba s i c  s toc k , the  l a bour  

opera t i ng the  u n i t or  source of feed the d i fference i n  fa rrowi ng 

ra te cou l d  be cons i dered to be i nd i cat i ve o f  the effe c t i vene s s  of  

the  new  hous i ng i n  i ns u l a t i n g  the  breed i n g stoc k from env i ronmenta l 

s tre s ses . I t  i s  wo rthy of note that  ' summe r ' i n ferti l i ty has  

been reported to o c c u r  on fa rms whe re the b u i l d i ngs  a re of a 

h i gh s tandard of cons truc t i on  ( Love , 1 97 8 ; Paterson e t  a l , 1 978 ; 

Bev i er and Ba ckstrom , 1 980 ) . I n  one s u c h  c l i ma t i c a rea , Dr i ggers 
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e t  a l ; ( 19 76 ) repo rted that  o n l y  when zone  coo l i ng wi th  mec ha n i c a l  

refri gerat i on wa s there a fa vou rab l e effec t o n  the ' s umme r ' i nfert i l i ty 

p ro b l em exper i e nc e d  i n  i n ten s i v e l y  housed  b reed i ng s toc k . 

I n  contrast  to t h i s comp l e x  means  of contro l , i n  one New Zea l and  

s tudy e ven the  c o n s truc t i on of a pen , s haded from the  s un by 

wooden  s l a ts ove r the ya rd a re a , re s u l ted i n  a ma rked i mproveme n t  
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F I GURE 1 0 :  The i n f l uence o f  a c hange i n  the s tanda rd of hou s i ng on the mon t h l y  fa rrowi ng ra te re l a ti ve to 
the month of s e rv i ce on one fa rm . 

.... 
.... 
Vt 



i n  concepti o n  ��a te ( 6 7 %  vers u s  87% ) ( Shea rer ,  1 97 5 ) .  I n  genera l , 

i t  wou l d  appea r that  i n  the  t emperate  c l i mate  o f  New Zea l a nd re sort  

to  hous i ng o f  a h i gh  s t a n da r d  of  con s truct i on ( i e . i n  re s pect  o f  

i n s u l a t i on , a n d  ven t i l a t i on contro l ) i s  capa b l e o f  b uffe r i ng  t h e  

hot  cond i t i on s  o f  t h e  s umme r env i ronme nt ,  t hereby a l l ev i a t i ng 

s tres s and  th u s  h av i ng  a fa vourab l e i n fl uence on wha t  otherw i se  

co u l d we l l  ha ve been  a fert i l i ty prob l em .  

Ho u s i n g s t a nd a rds  a re , h owe v e r ,  not  the  on l y mea ns o f  env i ronmenta l  

c ontro l  opera t i ng  on  p i g u n i ts wh i c h may mod i fy the rep rodu c t i ve 

e ff i c i e ncy of  a herd . O t h e r  fa c tors  l i ke l y  to be i 1 1 1p l i ea ted i n  

re product i ve i n effi c i e n cy i n c l ude those  a s so c i ated w i th  feed i ng 

a nd manageme n t ; the s oc i a l  e n v i ronmen t  ( e g . pen  s i z e i n  re l a t i on  

to  g roup  s i ze ,  i n d i v i d u a l  v er su s  g ro u p  pen n i ng , u nequa l  s i z e s  and  

ages  i n  a gro u p , pro x i mi ty o f  g i l t s a nd wea ned  sows  to the  

boa rs )  a n d  d i sease  l eve l ( s ) ( eg . l e p to s p i ro s i s ,  parvov i ru s ) .  

I n  v i ew o f  the  range  i n  hou s i ng s ta ndards  for  breed i ng s to c k  

e nc o u n te re d  i n  th i s  s t u dy a s i m i l a r l y comprehens i ve v a r i a t i on i n  

o t her  factors  wh i c h ma k e  u p  the fa rm env i ronme n t  wou l d  not  be 

u n ex pecte d . 
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S u p port for t h e  v i ew t h a t  i nd i v i du a l  ma nageme nt c a n  i nf l u ence  

rep rodu c t i ve pe rfo rmance c omes from a rec e n t  Amer i can  s tudy , i nvo l v i ng  

2 0  fa rms . O n  the  l a tt e r  the  s tock  were  der i ved  from t he  same 

g e n e t i c  pool , the  b u i l d i n g s  we re of s tandard  de s i g n  and con s tru c t i on 

a nd feed i ng p ra c t i c e s  we re s i m i l a r .  De s p i te t h i s  h i g h  d e g ree  of  



un i formi ty , there wa s marked fa rm var i a t i on i n  sow fert i l i ty .  I t  

wa s conc l uded t h at  the s tandards  of mana gement  on i nd i v i dua l 

un i ts wa s a pri me factor i nfl u e nc i n g rep roduct i ve effi c i ency on 

t hese  fa rms ( Be v i er  and B ac k strom·, 1 980 ) . U nfortuna te l y  a 

c r i t i c a l  eva l uat i on of the fa ctor  whi ch  ma ke  up  the fa rm env i ronment  

on  the  u n i ts i n  t he  present s tu dy was i mpos s i b l e ,  as  mo s t  fa rms 

were v i s i ted once  and  on l y  a few a second  t i me .  Neverthe l e s s , 

there a re fa rms i n  th i s  study where the  l eve l  of the overa l l 

fa rrow i n g  ra te a n d  i ts month l y  vari a t i o n  cou l d  wel l be l i n ked 

w i th fa rm prac t i ces  i n  opera t i o n . One farm i n  both the  ' hot  

and  va r i ab l e '  a nd ' wa rm '  re g i o n s , de s p i te hav i ng  bu i l d i ng s  l ow 

i n  the c l a s s i f i ca t i on sc ore e x peri enced no seasonal  v a r i a t i on i n  

farrowi ng  ra te a nd ma i nt a i ned  a h i gh  overa l l perfo rma nce . T h i s 

cou l d  i nd i c a te th a t  a h i gh  s ta ndard of h u s bandry on the  farm 

can countera c t  a dec l i ne i n  fa rrowi n g  rate , pa rt i cu l a r l y  d ur i ng  

the  c r i t i ca l  summer months wh i ch has  been  sho� to o c c u r  on fa rms 

i n  the same re g i on bu t wi th h i g her  b u i l d i ng sta ndard s . 

There i s  some i n d i rec t support  for the v i ew that  s tres sors other  

than  those  of a therma l n a t ure may be  i mp l i cated  i n  the  ' summer ' 

i nfert i l i ty prob l em .  Thus , one  Au s t ra l i an study ha s reported on  

i nverse  re l at i o n s h i p  between par i ty on the l i ke l i hood  of sows be i ng 

affected  by the ' s ummer ' i n fert i l i ty probl em ( Love , 1 9 78 ) . 

Howeve r , i n  c ontrast  both  Hermann ( 1 980 ) a nd Hurtgen e t  a l  ( 1 980 ) 

no te d that  the ' summe r '  i n feti l i ty p rob l em was s i mi l a r  for a l l 

sows i rres pe c t i ve of the i r p a r i ty n umbe r . 
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Some oversea s  stud i e s  have i nd i c a te d  tha t mon th ly  var i a t i on i n  

re produc t i v e  performa nce  c an  be a ttr i buted , i n  part , to s pe c i f i c  

fa rm pra c t i ces . Thu s S tone , ( 1 9 7 7 ) i n  a s tudy of fo ur  fa rms , 

l oca ted i n  a s i mi l ar c l i ma t i c re g i on , noted that on two of  them 

wh i ch had ma rked l y  h i gher fa rrow i n g  rates and  a l owe r s ummer 

de c l i ne i n  th i s  pa rame ter breed i ng stock  we re hand �ated . T h i s 

i s  i n  con tra s t  to l i mi ted superv i s i on a t  ma t i ng  for s to c k  on  

the  other  two fa rms . A l tho ugh  the  fo rmer farms al so had ma rg i n a l l y  

better hous i ng ,  i t  wa s conc l uded t h a t  the  poss i b i l i ty t h a t  ma t i ng 

techn i q ue fa vourab l y i nfl uenced concept i on ra te cou l d not be 

i gnored . I n  the pre sent s tudy ,  ha ndma t i ng wa s the ma t i ng  tec hn i que  

u sed on on l y  two u n i t s . The fa c t  tha t these  two fa rms a l s o  

re corded t he h i g he s t  overa l l fa rrowi ng ra tes i rre spec ti ve  o f  

season may be s ugge s t i ve o f  the benefi c i a l  advanta ge s o f  c l ose  

s u perv i s i on at  ma t i ng . Al terna t i ve l y , the adopti on of t h i s 

techn i q ue may be  taken  a s  a re f l e c t i on o f  a h i oh ma nage r i a l  

ab i l i ty a n d  good s toc kman s h i p i n  gene ra l o n  these two fa rms . 

The i mportance o f  a h i gh s tandard  of  s tockma n s h i p i n  orde r to 

a l l evi a te seasona l ' s ummer ' i nfert i l i ty c a n  be con c l u ded from 

the reproduct i ve a s pects  d i s c u s se d  i n  the rev i ew of  l i terature . 

Such  a s  the  ab i l i ty to detect  oe stru s , wh i c h  may not  be d i s p l ayed 
/ 

c l ear ly  d ur i ng  the  summer ( hot ) months  ( v a n  Putten , 1 9 6 5 ) ,  there by 

neces s i t a t i ng i nc rea sed s upe rv i s i on over t h i s peri od . 

The ro l e of  s oc i a l  and  beha v i o u ra l  stress  on  reprod u c t i ve 

perfo rmance  has  been reported i n  severa l  s tud i es ( Mac l ea n , 1 96 9 ; 

Shannon , 1 969 ) . Mac l ean ( 1 969 ) a ttri buted a s i gn i f i ca n t  prol onged 
� 

• 
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re turn to oe s trus pos twean i n g ,  i n  a g roup  hou sed s i tua t i on  a s  

opposed to a n  i nd i v i d u a l l y  pen ne d  one , to  f l u ctuat i ons  i n  t he 

domi nance order  of sows m i xed to gether  a fter  wea n i n g . I n  

s upport , Shan non ( 1 975 ) found tha t· g i l ts wh i c h we re l oo se l y  

confi ned ( 4 . 4 6m2 / g i l t ) conce i ve d  a t  a h i gher  rate than g i l ts 

penned i ntens i ve l y  ( 1 . 49m2/ g i l t ) .  I n  another s tudy ,where 5 392 sows 

were moved i n to e i ther i nd i v i d u a l  c ra te s  or g roup pen s  ( 6 - 2 0  

fema l e s ) afte r wean i ng ,  Hurtgen e t  a l  ; ( 1980 ) repo rted that  the 

s ubseque n t  farrowi ng rate was 8 1 . 6% and 7 1 . 7% respec t i ve l y .  

However , g roup  s i ze pos twea n i n g  wa s not fou n d  to have an  a dd i t i ona l  

effect  on fa rrowi n g  rate  from rna t i n g s  dur i ng the  summer per i od . 

Of part i cu l a r s i gn i f i ca nce , i n  the present s tudy ,wa s the numbe r o f  

fa rms wh i c h expe ri enced  a fe rti l i ty prob l em outwi th the s ummer 

pe r i od . Th i s  ra i ses the que s t i on  o f  d i sease  a s  a pri me or 

contri buto ry fa ctor i n  ' s umme r '  i n fe rt i l i ty .  I t  i s  known that  

the  i nc i dence  of seve ra l d i seases  i s  i nfl uenced  by env i ro nmenta l  

fa c to rs y i n c l ud i ng c l i ma te .  Howe ver  ac t i n g  a g a i nst  the d i rec t  

i mp l i ca t i on  o f  i nfe c t i on  i n  ' s umme r ' i nfe rt i l i ty i s  the reoccurrence 

of the prob l em i n  s u bseque n t  years  i n  the  s ame sows , as no ted by 

Love ( 1 97 8 )  and He rmann  ( 1 980 ) amon g  others . I n  s upport post  

mo rtem e xam i na t i on of  a ffected s ows u pon return  to  oestrus  ha s 

reve a l e d  no  cons i s tent  l es i ons  o r  l i ke l y  c au sat i ve fac tors  

( W i l l i amson  et  a l  , 1 9 80 ) . There i s  s upport , however , that  d i sease , 

by con tr i b ut i ng  to a n  overa l l s tr e s s fu l  s i t ua t i on , may be a 

seconda ry fa c tor  i n  t he  ' s umme r ' i n fe rt i l i ty probl em . 
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I n  the present  s t udy mos t  of the herds wh i c h  experi enced ' s ummer ' 

i n fert i l i ty s t i l l  had a h i g h  l evel of i n ferti l i ty dur i ng the  

rema i nde r  of the  yea r . A s tudy , �e n t i oned earl i er ,  reported t h a t  

t h e  general l ev e l  o f  i n fe rt i l i ty a ppea re d  t o  b e  med i a ted by the 

same fa c tors as ' s umme r ' i nfert i l i ty .  I t  wa s co nc l uded that  i n fert i l i ty 

due to stre ss  i s  a cons ta n t  prob l em ,  l i ke l y  to be exa g gerated by 

the  h i gher tempe ratures  of  s umme r ( Wi l l i amson �. 1 980 ) . Al though  

there wa s no ev i dence , i n  the present  s tudy , tha t d i sease  i s  

i mp l i cated i n  t he ' s ummer ' i nfe rt i l i ty p rob l em i t  cannot  be 

d i smi s sed a s  a pos s i b l e  contri butory fa c tor  i n  the c rea t i on o f  

a s tres sfu l  s i tu a t i on whi c h  i s  conduc i ve t o  the onset  of  ' s umme r '  

i n fe rti l i ty .  Furthermore i t  i s  i mporta n t  to note that  the i nc i dence 

of  vari ou s  d i s ea ses i n  a herd can  de tra c t  from the pre s ence of  a 

' s ummer ' i nfe rt i l i ty prob l em by advers e l y  affect i ng ferti l i ty a t  

o t her t i me s  o f  the  yea r .  

Overa l l th i s s t udy doe s prov i de some e v i dence that  ' s umme r ' i n fert 1 l i ty 

i s  to be fou n d  on  New Zea l a nd p i g u n i t s . I t  i s  not pos s i b l e ,  

h owever , to be more s pec i fi c , part i c u l a r l y  i n  re s pect of the l i ke l y  

degree of  sever i ty of t h e  probl em wi t h i n  t h e  p i g i ndus try o r  the  

degree of i t s rel a t i on s h i p wi th  the  ou tdoor en v i ronment . T h i s  

c an be a ttr i b u ted to the presence o f  marked vari at i ons  i n  fa rrowi n g  

ra te , between  the  fa rms i n  the su rvey whi c h  wa s not re l a ted t o  the i r 

l oc a ti on nor i n  ma ny cases  wi th  the  sea son of  ma ti n g . I t  appears  

that  some fa rms  no  ma t ter  t he i r l oc a t i on i n  res pect  of  o u tdoor 

c l i ma te a re c a pa b l e  of mai nta i n i ng a s a t i sfa c tory reproduct i ve 

performan ce t h roughout  the year . Others a re not , but  a ga i n  the  

pr�b l em t i me i s  not  a l ways the hotter  mon ths  o f  the  yea r . 
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There i s  some ev i dence to s how that the ado pt i on of certa i n  farm 

pract i c e s , a l thoug h  d i ffi cu l t to defi ne  s pe c i fi ca l l y , o ther 

than they conform to recomme nda t i ons , e na b l e a h i gh  fa rrowi n g  r ate 

to rema i n  througho u t  the yea r .  Wh i l e  c l o se l y  l ocated u n i ts 

wi t h  l ow standa rds a s  regards hous i ng and/or ma nageme nt a re more  

l i ke l y  to experi e n c e  a ' s ummer ' i n ferti l i ty prob l em .  

Unfortuna tel y ,  a s  wa s e v i dent  i n  th i s  s tudy , i nferti l i ty can  a r i s e  

from o ther  cau se s  t h a n  the d i re c t  e ffec t  o f  the outdoor  c l i ma t i c 

env i ronment , even  o n  u n i t s  where the s ta nd a rd of hou s i n g  and  

husba ndry a re h i g h .  Th i s ma kes  i t  very d i ff i cu l t to i ndepende n t l y  

a s se s s  the exte n t  o f  a spec i f i c  type o f  i n fe rt i l i ty part i cu l a r l y  

where the numbe r o f  co-operat i ng farms i n  the study i s  smal l ,  

a s  i n  the pre sent  o ne . 

Shou l d  fu rthe r i nv e s t i ga t i on i n  th i s a re a  be  con s i dered i t  i s  

e s sent i a l  that the  s tud i e s  ta ke i nto accou n t  the l a rge  var i a t i on 

i n  month ly  fa rrowi n g  ra tes for fa rms , the  p robl em of a s se s s i ng  

a comp l ex phys i o l og i ca l  proce s s  on the b a s i s  of  one pa rame te r on l y  

i e .  farrowi ng rate and  the l i mi tat i on o f  u s i n g l i mi ted re g i ona l 

c l i ma ti c data a s  t he a s se s smen t  for a n  i nd i v i dua l  farm s i tua t i on . 

Perh aps  the g rea te s t  probl em of a l l i s  t h e  presence i n  any s tudy 

i nvo l v i ng  i nd i v i d u a l  fa rms of any one of a number of  factors be i ng  

a cause  of l ow fer t i l i ty wi t h  no pos s i b i l i ty o f  knowi ng  wh i ch one  

i s  re l evant i n  a ny part i cu l a r  s i tua t i on . Th i s wi l l  on l y  be  accomp l i s hed  



when there i s  i nc reased  i n forma t i on on  fac tors  wh i ch a re a c t ua l l y  

i n vol ved and how they a c t . 

Ge ne ra l l y  wi th the data  from the present  s tu dy , i t  i s  i mpos s i b l e  

to be s pec i fi c i n  re s pe c t  of the  l i ke l y  deg ree of severi ty of 

the ' s ummer ' i nferti l i ty prob l em wi th i n the p i g i ndu stry or  the 

degree of  i ts re l a t i o n s h i p  wi th pos s i b l e  ca u s a l  fa c tors . I t  wou l d  

seem t hat  i n  the tempe rate New Zea l and c l i ma te othe r fac to rs , 

known to i n fl uence fa r rowi ng ra te and wh i c h  va ry wi de l y  between 

fa rms , have a g reate r  i nfl uence tha n the ou tdoor c l i ma t i c 

env i ronmen t .  On the o t her  hand , i n  ma ny ' ho t ter ' countr i e s , wh i ch  

have re ported a ' s umme r ' i n fert i l i ty prob l em ,  the c l i ma te preva i l i n g 

dur i n g  the  summer mon ths seems to be by fa r the  domi na n t  fa ctor 

i nfl uenc i n g reprodu c t i ve eff i c i ency over th i s  peri od . 

C l e arl y ,  s i nce i n  a type of i n ve s t i ga t i o n  s uc h  a s  the  present  one , 

fa rms c a n  neve r be co n s i de red  a s  re pl i c a te s i n  i ts de s i g n , i t  i s  

neces s a ry to i n vol ve a l a rge n umbe r of co -o pe rat i n g  u n i t s  i n  order 

to mi n i mi se  effect s  s pec i fi c  to fa rms . O n l y  by adopt i o n  of 

such  a proced ure wi l l  i t  be pos s i b l e  to det e rmi ne whe t her or  not  

' s umme r ' i nferti l i ty i s  p reva l en t  wi th i n the  country and i f  so , i ts 

re g i o n a l  s i g n i f i c a nce . 

Second l y  wi th s u rvey type da ta , i t  i s  o n l y  pos s i b l e  to get a n  

i nd i c a t i o n  of t h e  i nf l uence o f  env i ronmen ta l  fac tors  on  the 

i nc i dence  of ' s umme r ' i n fer t i l i ty .  Prec i s i on i n  t h i s re s pect  c a n  

on l y  b e  a ch i e ved b y  refe rence  to deta i l ed s tud i e s  confi ned  to 
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a few i n d i v i d u a l  un i ts . T h i s approa c h , by s tandard i s i ng many 

o ther  fa ctors k nown to i n f l uence re p rodu ct i ve effi c i ency wi l l  a i d  , 

i n  the  i so l a t i o n  of  those o f  conce rn . Aga i n ,  i n  a ·i m i ng  to q uant i fy 

the  effect of  the ou tdoor e n v i ronment  on sow fert i l i ty ,  concentra t i on 

of e f fort on a few u n i t s  w i l l  a l l ow for a deta i l ed ev a l ua t i on 

of  the  mi c roenvi ronment  on  each  of them . 



CONCLUS I ONS 

Th i s s tu dy has  demons tra ted the ex i stence  of sea sona l v a ri a t i on i n  

fa rrowi n g  rate i n  New Zea l a nd  p i g  herd s , wi t h  t he trend to 

l owe r pe rformance i n  the s ummer mon ths , b u t  has not a l l owed the 

extent  of the prob l em to be q ua n t i f i e d  on a n a t i ona l b a s i s .  

An exami na t i on o f  the i n fl uence  of some env i ronmen ta l fac tors on 

the i nc i de nce o f  ' s ummer ' i n fe rt i l i ty wa s l i mi ted i n  v i ew of  the 

w i de number of  u ncontrol l ed v a r i ab l e s  i n  opera t i on .  However , i t  

wou l d  a ppea r tha t i n  the tempera te New Zea l a nd  c l i ma te the ou tdoor 

env i ronme nt doe s not have a domi nant  ro l e  i n  i nf l uenc i ng the 

s ea sona l  pa ttern i n  fa rrowi n g  rate . Hous i ng s tandards  and  l eve l  

o f  h u s ba ndry empl oye d on i nd i v i d ua l  u n i t s  a ppear to be  o f  muc h 

grea te r  s i gn i f i cance  i n  re s pe c t  of the rep roduct i ve eff i c i e ncy of 

a herd . 

•. 
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APPENDIX I 

Guidel i ne Questionnaire 

Loca tion : 

Name and address : 

Distance from and name nearest me t . s ta tion : 

General commen t on ( Topography-area e tc . )  

Si ze of herd : 

Records 

years of da ta at hand ? 

Da ta avail abl e 

ma ting  da te 

farrowi ng da te 

sOt.' number 

Boar number 

L.i t ter da ta speci fy -l i t ter number , sti l l bi rth 
l i t ter wgt , -w·eaning wgt no . 
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Breed 

a Boar breed/s (over tota l  recorded period) 

b Sow breed/s (over recorded peri od) 

Commen t 

Sow culling 

wha t number of sows do you cul l per year ? 

wha t age do you cull a t ?  

(Cr.i teri a for cull ing-) ?see supp l eme-nt 
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Do you "buy  in"  replacement s tock ? yes no 

If yes ,  where do you purchase them ? 

Do you buy gi l t  or sow replacemen t stock ? 

Breeding mana gemen t 

wha t methods do you use for oestrus detection ? 

wha t mana gemen t procedure do you adopt for gi l t/wean sows ( wean -

Durin g  rema ting peri od where and how are sows housed ? 

(grouped together , individual pen s ,  grouped toge ther bu t 

i ndividual feeding e tc)  
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Do you use boa rs ,  nea r or i n  wi th , or i n  si ght of sows to be rema ted ? 

Time of ma t i ng 

How l ong are boa rs and sows i n  ma ting pen (o·ne da y ,  2 da ys , a t  supervi sed 

t i me onl y ,  ma ted 1 x 2 x 3 x at wha t times penned toge ther , i . e .  ea rl y 

morni n g ,  l a te a fternoon , earl y morn i n g ?) 

Do you supervi se ma t i n g ?  

a t  wha t age d o  you fi rst ma te gi l ts ?  

( 1 s t , 2nd , 3rd oestrus )  

yes 

General supervi sion of pre-pubertal gi l t s 

Boar managemen t 

n umber of boars on farm 

sow/boar ra t i o  

how ma n y  ma t i ngs per week ? 

wha t  a ge do you cul l boar? 

General boar cul l i n g  cri teri a ? 

no 
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Managemen t i n  pregnancy 

wha t are the hous i n g  condi tions for ges t a t i n g  sows ? Indoor , ou tdoor , s tal l s  

tethered , grouped i n  pen ; gro uped but sepa ra te feeding . 

a t  wha t age do you \v.ea n pi gl e t s  (pa s t  and now) ? 

Di sease 

wha t  di sease preca u tions and preven ta t i ve (or trea tment do you u s e ? )  

(man ge dress , worm t rea t , o ther te s t  e g  Bl ood tes ts for l ep to o r  

a uj esJZky) general d i sea se s t a t us .  

Ha ve you had a n y  preval ent d i sease i n  herd i n  pa s t  ? 

see supp.l emen t 

Nu tri t i on 

Type offered 

mea l , whey , whe y +meal , garba ge : -

If whey wha t  number of mon ths i s  whey suppl i ed ?  

Composi tion of feed (addi ti ves e tc )  
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Grai n  (i s i t  stored) 

wha t  s torage faci l i t i e s ?  

How l o n g  i s  gra i n  s t ored ? when bro u ght in ? 

wha t i s  general feedi n g  pa t tern for gi l t/sow/boa r ?  

Gil t pre-puber tal (kg) feedi ng fa t teni n g  herd ? 
• 

prior t o  ma ting ( fl u shing?)  

ma t i n g  

immedi a tel y post ma t i ng 

pregnancy 

farrowing 

l ac ta t i on 

rema t i ng 
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Sow Nutri t i on 

rema ting (fl ush ? )  

ma t i n g  

soon after ma ting 

ges ta tion 

fa rrowi ng 

l a c ta t i on 

Boar n u tri ti on 

Ha ve you cha nged nu tri t i on over pa s t  years ? 

( i f  so ha ve you not i ced an y di fference due to the change ?)  

Has t he man a gement been t h e  same over the recorded period ? 



SUPPLEMENT 

(A)  Sow cul l i ng 

wha t cri t eri a do you u s e  for c ul l i ng ( t i ck box )  

( ) Performance (reprodu c t i ve fai l ure) ( a n d  wha t re turn d o  you 

c u l l  a t  1 s t ( ) 2nd ( ) 3rd ( ) o t her ( ) 

( ) a ge a t  cul l i ng (wha t maxi mum cul l i ng a ge )  

2 ( ) 3 ( ) 4 ( ) 5 ( ) 6 ( ) 7 ( ) 8 ( ) +8 ( ) l i t ter 

( l ocomo tor defects di s turbances 

( ) dea th (% sow mor ta l i t y/year) 

( ) condi t i on of sow (conforma t i o n )  

( udderl i n e - do you c u l l  for pendulous udders , tea t number e tc 

( ) mi scel l aneous rea sons 

eg . ( ) sa va gi n g  

( ) mo theri ng abi l i t y  (poor) 

( si ze o f  sow (wei gh t . a ge , Food conversion Effi c i en c y )  

( ) sma l l  l i t ters 

( ) gradi ng a t  progeny 

( ) economic si tua t i on 

( ) o ther reasons (spec i fy )  

Gil t  sel ection cri teri a 

( ) gene t i c  gai n  (Dam/Boa r record) 

( ) si ze gi l t  

( ) a ge gi l t  

( ) udderl i ne of gi l ts , number of tea ts , i nver ted e tc . 

( ) condi t i on of stock 

( ) hea l th sta t u s  

( ) o ther reasons I • ' s peci fy ) 
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Boar selec t i on cri teria 

( genetics ( Record , Feed Conversi on efficiency , Growth ra t e , l ean %) 

( ) general s t ru c tural soundness 

( performance of boar (ma t i ng abi l i t y )  

) di sease sta t u s  (Bl ood test  l epto Aujeszky) 

Wha t  cri teri a do you use for cul l ing deci sion s ?  

( ) performance 

Do you examine (for gen i tal soundness) yes ( ) no ( ) 

( ) si ze (manageri al problems of ma ture boar)  

( ) l ocomo tor defects 

( ) poor servi ce technique 

( ) a ge 

( ) di sease s ta tus of boar 

condi ti on of boar 

( ) pol i c y  for fast  u trnover for maximum genetic gai n  

( ) other cri teri a ( eg . economics)  

Di sea se 

Have you encoun tered these d i seases on your propert y  

(years i f  onl y over some of record year)  or other impor tant di seases 

) l eptospiros i s  

( ) Brucell osi s 

( ) Aujeszky 

( ) parvovirus  

( ) o thers speci fy i . e .  ( smedi , enzoo t i c  pneumonia , mange �rms , foot 

l esions) 



APPENDIX II 

Ana l ysi s of variance of subsequen t farrowing ra te (Transformed data ) 

to a l l  servi ces model 1.  

Source DF 

Regi on 

Year 

Mon th 

3 

1 

11 

Firs t  order In tera c t i on 

Region x year 3 

Region x mon th 33  

Year  x mon th 11  

Second order Interaction 

Region x mon th  
x year 

Resi dual 

* *  p <0 . 01 

* p < 0 . 05 

33  

384 

Mean square 

0 . 1 84 3 2  

0 . 008 02 

0 . 0538 5 

0 . 02545 

0 .  031 78  

0 . 01 968 

0 . 01 74 6 5  

0 . 03 7 7 4  

NS Not ma thema ti cal l y  si gn i fi cant  

F ra tio  

4 . 88 * *  

0 . 21 2NS 

1 . 43 NS 

0 . 674NS 

0 . 842NS 

0 .  521 NS 

0 . 46 7NS 
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Farm 1 

Farm 2 

Farm 3 

Farm 4 

Farm 5 

Farm 1 

Farm 2 

Farm 3 

Farm 4 

Farm 5 

Farm 1 

Farm 2 

Farm 3 

Farm 4 

Farm 5 

Farm 1 

Farm 2 

Farm 3 

Farm 4 

Farm 5 

APPENDIX III 

Infl uence of farm wi thi n region 

A Linear model anal ysi s of Fa rm wi thin regi on 

overal l  FR 
Differences+ 

(HS) 

(HV) 

(W) 

(C) 

(% uni t s )  

+25 . 8  

+ 6 . 3  

- 1 . 1  

+ 9 . 5  

0 . 0  

+ 8 . 5 

+1 7 . 9  

+1 0 . 2  

+1 9 . 8  

0 . 0  

- 4 . 9  

+ 2 . 1  

-23 . 2  

+ 2 . 7  

0 . 0  

+ 6 . 0  

+1 9 . 9  

+ 4 . 2  

+22 . 4  

0 . 0  

+ di fferences (expressed a s  % uni ts)  ha ve been presented a s  

devi a ti ons from farm 5 i n  each o f  the 4 cl ima tic regi ons . 
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APPENDIX IV 

Ana l ysi s o f  variance : for mon t h  and farm wi t h  regi ona l 

di fferences i n  farrowi n g  ra te ( Tran sformed da ta ) f Mod el 2 1  

Source 

Farm 

Month 

Farm x 
mon th 

residua l  

Farm 

Mon th 

Fa rm x 
mon th 

resi dual 

Farm 

Mon th 

Farm x 

mon th 

residual 

Farm 

Mon th 

Farm x 
mon th 

residual 

DF 

4 

1 1  

4 4  

6 0  

4 

1 1  

44 

6 0  

* *  p < 0 . 01 

* = P < o . o5  

NS n o t  si gn i fi cant 

HS 

Mean Sq ua re 

0 . 51 1 38 

0 . 06 9 5 4  

0 . 02826 

0 . 0 2 0 7 3  

HV 

0 . 21 86 0  

0 . 0 2 2 26 

0 . 028 4 6  

0 . 02 061 

w 

0 . 321 92 

0 . 01 32 5  

0 . 01 91 9  

0 . 1 4 966 

c 

0 . 3 5 2 51 

0 . 03 7 1 9 

0 . 02922 

0 . 0 2 9 9 5  

F Ra t i o  

24 . 6 7 * *  

3 . 3 5 * 

1 . 3 6  NS 

1 0 . 5 9 * *  

1 .  OB NS 

1 . 38 NS 

21 . 51 * *  

0 . 88 5  NS 

1 . 28 NS 

1 0 . 8 6 * *  

1 . 2 5  NS 

0 . 97 6  NS 

1 3 6  



APPENDIX V 1 3 7  

Farrowi ng ra t e s  i n  rel a ti on to mon th o f  ma t i n g  for farms 

wi t h i n  each regi on 

' Ho t  and s t a b.I e  J'{egi on ' (HS) 

Mon th Jan Feb Ma r Apl Ma y J u n  Ju l Aug Sept Oct No v Dec To t a l  
Fa rm 

1 TS 

ss 

6 7  

6 5  

5 6  

4 8  

5 9  

5 7  

52 

4 5  

6 1  

5 8  

62 

6 0  

5 3  

4 6  

6 3  

54 

57 

52 

6 9  

6 0  

5 8  

5 7  

7 1 3  

6 5 2  

FR 9 7  8 5 . 7  9 6 . 6  8 6 . 5  95 . 1  9 6 . 8  8 6 . 8  8 5 . 7  91 . 2  8 9 . 3 8 6 . 9  98 . 3  91 . 4  

2 TS 5 5  6 0  5 7  5 0  4 5  5 0  6 1  6 2  48 5 5  4 5  

___ s_s _____ 3_9 ____ 5_o ____ 4_1 _____ 4_o ___ 3�9��4�5--�4�3--�5�2--�3�7 ____ 3 1  

4 1  

2 5  

6 1  

6 2 9  

1 3  4 5 5  
·----

FR 

3 TS 

ss 

FR 

4 TS 

ss 

7 1  8 3 . 3  7 2  

4 8  

2 5  

4 5  

3 6  

2 5  

1 5  

8 0  8 6 . 7  9 0  7 0 . 5  8 3 . 4  7 7 . 1  5 6 . 4  

4 6  

3 3  

8 1  

4 9  

6 2  

4 2  

3 6  

2 2  

5 9  

4 9  

4 2  

2 7  

4 7  

2 8  

6 2  

2 9  

2 9  

4 8  

3 6  

5 2 . 1  8 0  6 0  7 1 . 7  6 0 . 5  6 7 . 7  6 1 . 1  8 3 . 1  6 4 . 3  5 9 . 6  4 6 . 8  7 5  

5 9  

4 2  

6 0  

5 2  

6 5  

5 8  

5 3  

4 9  

6 5  

6 3  

5 0  

4 7  

6 8  

6 0  

7 1  

5 9  

5 1  

41 

5 7  

4 8  

7 6  

6 1  

4 7  

3 5  

7 2 . 3  

6 01 

3 91 

6 5 . 1  

7 2 2  

6 1 5 

FR 7 1 . 2  8 6 . 6  8 9 . 2  92 . 5  96 . 9  94 8 8 . 2  8 3 . 1  8 0 . 4  8 4 . 2  8 0 . 3  7 4 . 5  8 5 . 2  

5 TS 

ss 

FR 

6 3  

2 9  

5 1  

2 8  

5 7  

3 1  

6 6  

5 4  

3 6  

2 9  

3 7  

33 

4 0  

3 5  

5 6  

3 8  

3 6  

24 

47 

3 5  

5 0  

2 5  

51 

2 5  

5 9 0  

3 8 6  

4 6  5 4 . 9  5 4 . 4  8 1 . 8  8 0 . 6  8 9 . 2  8 7 . 5  6 7 . 9  6 6 . 7  7 4 . 5  5 0  4 9  6 5 . 4  
·----- ----

' Ho t  a n d  va ri a bl e  R0 g i on ' ( H V) 

Mon t h  Ja n Feb Ma r Apl Ma y Jun J u l  A ug Sc p t  Oc t Nov Dec To t a l  

Fa rm 

1 TS 

ss 

3 5  

3 0  

2 3  

.I J 

4 5  

3 6  

4 1  

3 6  

5 3  

4 3  

4 6  

4 4  

2 8  

2 3  

5 1  

4 4  

3 7  

3 1  

4 4  

3 4  

5 9  

3 7  

3 5  

2 2  

4 9 7 

3 93 

FR 8 5 . 7  5 6 . 5  8 0  8 7 . 8  8 1 . 3  9 5 . 6  82 . 1  8 6 . 3  8 3 . 8  7 7 . 3  6 2 . 7  62 . 9  7 9 . 1  

2 TS 

ss 

FR 

3 TS 

ss 

FR 

4 TS 

ss 

FR 

5 TS 

ss 

FR 

3 5  

2 7  

3 4  

3 4  

4 4  

3 9  

3 3  

2 9  

3 7  

3 7  

2 9  

2 3  

28 

28 

3 4  

2 9  

3 3  

2 9  

3 6  

3 1  

4 4  

3 7  

4 0  

3 4  

4 2 7  

3 7 7  

7 7 . 1  l OO 8 8 . 6  8 7 . 9  1 00 7 9 . 3 l OO 8 5 . 3  8 7 . 9  8 6 . 1  8 4 . 1  8 5  8 8 . 3  

4 9  4 6  31 3 9  5 0  

3 7  4 0  2 5  3 6  4 1  

4 9  

3 7  

4 6  

3 7  

51 

4 4  

5 4  

4 5  
7 5 . 5  8 6 . 9  8 0 . 6  92 . 3  8 2  7 5 . 5  8 0 . 4 8 6 . 3  8 3 . 3  

1 1  1 6  1 9  1 3  1 2  1 4  24 

1 0  1 5  1 7  1 2  1 1  1 2  21 

90 . 9  9 3 . 8  8 9 . 5  92 . 3  91 . 6  8 5 . 7  8 7 . 5  

8 0  1 04 1 1 1  9 3  1 1 8  8 2  1 03 

2 5  2 3  

2 3  20 

92 86 . 9  

l OO 1 1 6  

5 7  7 2  7 3  6 1  8 4  5 3  7 5  77  7 7  

71 . 3  6 9 . 2  6 5 . 7  6 5 . 6  71 . 2  6 4 . 6  7 2 . 8  77  6 6. 4  

4 8  4 6  

4 5  2 7  

4 0  

3 0  

9 3 . 8  5 8 . 7  7 5  

2 5  

2 3  
92 
1 01 

1 7  1 6  

1 7  1 4  

l O O 8 7 . 5  

9 0  1 01 

5 4 9 

4 4 4  
8 0 . 9  

2 1 5 

1 9 5 
90 . 7  

1 1 99 

72 7 3  7 3  8 4 7  

7 1 . 3  8 1 . 1  7 2 . 3 7 0 . 6 



1 3 8  

' Warm Region" 

Mont h  Jan Feb Mar Apl May Jun Jul Aug Sept Oct Nov Dec Total 
Farm 

1 

2 

3 

4 

5 

TS 

ss 

1 2 5  1 1 9  1 1 9  1 0 9 1 28 1 20 1 1 4  1 34 1 03 

8 7 8 8  92  8 3  1 06 90 8 9  1 05 73 

1 4 1  1 4 2  1 31 1 4 8 5  

1 01 1 04 8 6  1 1 04 

FR 69 . 6  73 . 9  7 7 . 3  7 6 . 1  8 2 . 8  7 5  78 . 1  7 8 . 4  70 . 9  7 1 . 6  7 3 . 2  6 5 . 6  7 4 . 3  

TS 

ss 

FR 

TS 

ss 

FR 

'l'S 

ss 

27 

23 

2 3  

1 7  

24 

16 

1 8  

1 4  

29 .  2 0  

2 3  1 6  

26  

22  

2 3  

21 

1 8  

1 6  

1 7  

1 5  

2 5  

2 3  

2 5  

1 8  

2 7 5  

2 2 4  

85 . 2  73 . 9  6 6 . 7  77 . 8  7 9 . 3  8 0  84 . 6  91 . 3  8 8 . 8  88 . 2  92 7 2  8 1 . 5  

41 

20 

3 9  

2 5  

2 6  2 6  

1 9  1 9  

29  23  

2 0  13  

44  

2 7  

4 2  

2 7  

38 

1 7  

48 . 8  64 . 1  7 3 . 1  7 3 . 1  68 . 9  56 . 5  6 1 . 4  64 . 3  4 4 . 7  

6 9  

58 

80 1 01 

5 7  75  

8 7  

7 7  

8 4  

7 2  

8 0  

6 5  

7 8  

6 4  

95  

7 8  

8 4  

71  

3 4  

1 7  

2 9  

1 0  

3 3  

1 2  

4 04 

2 2 6  

5 0  3 4 . 5  3 6 . 4  5 5 . 9  

74 

6 3  

7 2 

6 2 

8 0  

6 6  

984 

8 08 

FR 84 . 1  71 . 2  7 4 . 2  8 8 . 5  8 5 . 7  81 . 2  82 . 0  8 2 . 1  84 . 5  8 5 . 1  8 6 . 1  8 2 . 5  8 2 . 1  

TS 

ss 

24 1 7  

2 0  1 3  

3 2  

27 

33 

2 5  

3 3  24 

25 2 3  

3 3  

2 4  

3 6  

2 7  

3 4  

2 5  

4 4  

36  

1 7  

1 4  

3 0  3 5 7  

2 5  2 8 4  

FR 83 . 3  76 . 5  84 . 4  7 5 . 8  7 5 . 8  95 . 8  72 . 7  7 5  73 . 5  8 1 . 8  8 2 . 4  8 3 . 3  7 9 . 6  

' Cool Regi on ' 

Mon th Jan Feb Mar Apl May Jun Jul A ug Sept Oc L  Nov Dec To ta l 
Farm 

1 

2 

3 

4 

5 

TS 

ss 

FR 

TS 

ss 

2 9  

2 1  

2 0  

1 0  

26 

23 

2 7  

2 0  

2 0  

1 7  

7 2 . 4  5 0  88 . 5  7 4 . 1  8 5  

9 

9 

9 

8 

7 

7 

1 2  

1 0  

1 3  

1 0  

2 0  3 3  

1 6  2 0  

4 5  

3 2  

2 9  

2 2  

8 0  6 0 . 6  7 1 . 1  7 5 . 9  

1 1  

9 

1 3  

1 2  

1 5  

1 3  

7 

5 

2 5  

20 

2 6  

2 0  

1 6  

1 3  

31 6 

2 3 4  

8 0  7 6 . 9  8 1 . 3  7 4 . 1  

1 2  

1 9  

6 

6 

1 0  

1 0  

1 24 

1 0 9 

FR l OO 88 . 9  l OO 83 . 3  76 . 9  81 . 8  9 2 . 3  86 . 7  71 . 4 83 . 3  l OO l O O  8 7 . 9  

TS 

ss 

48  

3 5  

34  

1 7  

54 

44 

36  

20  

51  

44 

4 9  

41  

32  

2 9  

43  

30 

4 7  

3 9  

43  

32  

44  

24  

4 8  

2 9  

5 2 9  

3 8 4  

FR 7 2 . 9  5 0  81 . 5  5 5 . 6  86 . 3  83 . 7  9 0 . 6  6 9 . 8  8 3  74 . 4  54 . 5  6 0 . 4  7 2 . 6  

TS 

ss 

53 

48  

39  43  

36  41 

42  

38 

48 

45 

4 3  

3 5  

5 5  

4 9  

52 

47 

4 5  

4 2  

46  

41  

5 4  

5 0  

50 

44 

5 7 0  

5 1 6  

FR 9 0 . 6  9 2 . 3  95 . 3  9 0 . 5  93 . 8  81 . 4  8 9 . 1  9 0 . 4  93 . 3  8 9 . 1  92 . 6  BB 9 0 . 5  

TS 

ss 

6 

5 

FR 83 . 3  

1 

0 

27  

1 4  

24 

1 7  

2 9  

2 0  

51 . 9  7 0 . 8  6 9  

1 0  

6 

60  

5 

3 

6 0  

25 

1 6  

1 9  

1 3  

23 

1 9  

1 8  

1 6  

6 

5 

1 93 

1 34 

64 68 . 4  82 . 6  88 . 9  88 . 3  6 9 . 4  
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