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Summary 

Reproductive performance of 12 l l -month-  
old Yorkshire boars was determined during and 
after exposure to control or increased ambient 
temperatures. After 3 weeks adjustment at 23 C 
in temperature controlled chambers, six boars 
were heat stressed by exposure to 34.5 + 1.0 C 
for 8 hr and 31.0 • 1.0 C for 16 hr during each 
24-hr period and six control boars were main- 
tained at 23.0 + 1.0 C for 11 weeks. All boars 
were subsequently exposed to 23 C for 6 
weeks. Semen was collected twice weekly 
before, during and after heat stress and boars 
were naturally mated with gilts during weeks 7 
to 11 of treatment. Daily rectal temperatures 
and respiratory rates were increased during heat 
stress, but the ability to ejaculate and semen 
volume were not altered. Percentage motile 
sperm was decreased during heat stress 
(P<.O05) and did not return to normal values 
until  5 weeks after the end of exposure to 
increased ambient temperatures. Daily sperm 
output  from heat stressed boars was decreased 
(P<.025) during daily ejaculation on days 33 to 
38 of treatment and averaged 54% of the total 
sperm ejaculated by control boars. At 30 
days after natural breeding only 59% (P<.05) 
of the gilts bred by heat stressed boars were 
pregnant compared to 82% for gilts mated to 
control boars. 

(Key Words: Boar, Fertility, Heat Stress, Semen 
Quality.) 

Introduction 

Reproductive performance of boars is 
reduced during the hot summer months (Thi- 
bault et al., 1966). Exposure of boars to 
increased ambient temperatures results in a 
reduction in semen quality (McNitt and First, 
1970; Wettemann et al., 1976). This decrease in 
semen quality during heat stress of boars is 
associated with reduced pregnancy rates and 
increased embryonic mortality (Christenson et 
al., 1972; Wettemann et al., 1976). Exposure of 
boars to increased ambient temperature for 3 
days, caused a reduction in semen quality that 
persisted for 6 to 8 weeks after treatment 
(McNitt and First, 1970; Christenson et al., 
1972). Similarly, fertility was reduced in rams 
after short term whole body exposure to 
increased ambient temperatures (Howarth, 
1969). Duarte Irala (1973) observed that 
motility of bovine sperm returned to normal 
about 8 to 10 weeks after exposure to increased 
ambient temperatures. 

This study was designed to evaluate sperm 
output  and fertility of boars during long term 
exposure to increased ambient temperature and 
to investigate semen quality during the first 6 
weeks following heat stress. 
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Materials and Methods 

Twelve l 1-month-old Yorkshire boars of 
proven fertility were randomly allotted to an 
experimental or control temperature chamber 
(3.7 x 3.7 m). Each chamber was divided into 
equal compartments so that three boars could 
be maintained individually. One replicate with 
six boars was initiated in October and the 
second began in April. Boars were trained to 
mount  a dummy and semen was collected by 
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the hand technique. After all boars had been 
collected weekly for at least 3 weeks and had 
been exposed to ambient temperatures less than 
23 C for 6 weeks, a 3 week adjustment period 
at 23.0 + 1.0 C was started. Following the 
adjustment period, the temperature in one 
chamber was increased to 34.5 + 1.0 C from 
0900 to 1500 hr and reduced to 31.0 + 1.0 C 
for the remaining 16 hr during each 24-hr 
period for 11 weeks. Boars in this chamber 
were termed, heat stressed boars. They were 
subsequently exposed to 23 + 1 C for 6 weeks. 
Control boars were maintained at 23 + 1 C 
throughout  the experiment.  Humidity was not 
controlled but  ranged from 25 to 40% and from 
40 to 60% in the experimental  and control  
chambers, respectively. Boars were exposed to 
12 hr of light daily starting at 0700 hours. 
Water was available at all times but  feed intake 
was controlled so that  boars gained about  .20 
kg per day. Boars were fed once daily at 0900 
hours. 

Rectal temperatures and respiratory rates 
were recorded daily at 1300 hr during treat- 
ment. Boars were ejaculated between 0900 and 
1100 twice weekly (once daily on Tuesday and 
Friday) during the adjustment period, during 
the first 6 weeks of  treatment,  and for 6 weeks 
after heat stress. An exception to the above 
ejaculation regimen was during days 33 through 
38 of  treatment,  when boars were collected 
daily to evaluate the effect of  frequent ejacu- 
lation on sperm output.  Semen volume, sperm 
output ,  moti l i ty and morphology were evalu- 
ated weekly as previously described (Wette- 
mann e t  aL, 1976). 

Between weeks 6 and 11 of  the t reatment  
period, each boar was naturally mated to six or 
seven 8- to lO-month-old crossbred gilts of  
Duroc, Hampshire and Yorkshire breeding. 
Gilts were bred on the first and second days of  
estrus between 0900 and 1100 hr and were 
slaughtered at day 30 + 3 of pregnancy for 
determination of  the numbers of corpora lutea 
and normal embryos. Embryo length was used 
to determine normalcy of embryos (Johnson 
and Omtvedt, 1973). 

Rectal temperatures,  respiratory rates and 
semen data were analyzed within periods 
(before, during and after t reatment)  by split- 
plot analysis of variance (Gill and Hafs, 1971) 
with two between-block treatments (replicate 
and ambient temperature)  and one within block 
treatment  (day of  treatment).  Embryo survival 
data were analyzed by analysis of variance and 

ferti l i ty data were analyzed by the Mann- 
Whitney Test (Conover, 1971). 

Results and Discussion 

Average rectal temperatures at 1300 hr 
during the 11 weeks of  t reatment  were in- 
creased (P<.05) to 38.8 + .1 C for boars ex- 
posed to increased ambient temperature com- 
pared to 38.4 + .1 C for control boars. Respir- 
a tory rates determined at the same time were 
increased (P<.05) about threefold in heat 
stressed compared to control  boars (92.8 + 9.9 
vs 30.8 + 4.1, breaths per min, respectively). 
These increases in rectal temperatures and 
respiratory rates during heat stress are similar to 
those previously reported (Wettemann e t  aL, 
1976). Boars did not  lose the ability to ejac- 
ulate, as reflected by ejacula collected from all 
boars throughout the experiment.  The volume 
of semen produced by control  and heat stressed 
boars was similar (P>.10) before, during and 
after t reatment  (figure 1). This concurs with 
previous studies which indicate that semen 
volume, which is produced by  the accessory 
reproductive glands, is not altered by acute 
(McNitt and First, 1970) or chronic (Wette- 
mann e t  al., 1976) heat stress, although heat 
stress of  boars can provoke a marked alteration 
in testicular androgen biosynthesis (Wettemann 
and Desjardins, 1979). 

Percentage of motile sperm was similar 
(P>.10) in control and heat stressed boars 
before t reatment  and averaged 79 + 3% for all 
boars (figure 2). However, the percentage of  
motile sperm from boars during heat stress was 
reduced (P<.005) when compared to control  
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Figure 1. Semen volume from control and heat 

stressed boars before, during and after exposure to ele- 
vated ambient temperature. • X X• Daily ejaculation 
period. 
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Figure 2. Percentage motile sperm from control 
and heat stressed boars before, during and after expos- 
ure to elevated ambient temperature, •215 Daily 
ejaculation period. 
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Figure 3. Percentage of sperm with aged acrosomes 

from control and heat stressed boars before, during 
and after exposure to elevated ambient temperature. 
X X • X, Daily ejaculation period. 

boars. By 2 weeks after the start of heat stress 
only 56 -+ 12% of  the sperm were motile and 
during 4 through 6 weeks of t reatment,  sperm 
moti l i ty  decreased to 40 + 9%. When t reatment  
was terminated at the end of the 5 week 
breeding period, 84 + 2% of sperm from control  
boars were motile compared to 21 + 12% for 
sperm from heat stressed boars. Percentage of  
motile sperm in stressed boars gradually in- 
creased during the 6-week period at 23 C. 
However, it was not  until  5 weeks after the end 
of  exposure to elevated ambient temperatures 
that  percentage motile sperm was similar for 
control  and stressed boars (89 -+ 2 v s  82 + 5%, 
respectively, P>.10). The lag in time (2 weeks) 
from initiation of heat stress until moti l i ty  of  
ejaculated sperm starts to deteriorate has been 
previously observed in boars (McNitt and First, 
1970; Wettemann e t  al . ,  1976) and bulls 
(Zaremba, 1975) and indicates that  sperm in 
the epididymis are more resistant to heat stress 
than sperm in the testis. Alternatively, epididy- 
real function may not  be altered until  after 
several days of heat stress. The interval from 
the cessation of  heat stress until ejaculation of  
sperm with normal moti l i ty  appears shorter in 
boars compared to bulls exposed to whole body 
heat (Duarte Irala, 1973) or with elevated 
scrotal temperatures (Gerona and Sikes, 1970). 
This species difference could be due to differ- 
ences in the duration of  the cycle of  the semi- 
niferous epithelium. When boars are injected 
with thymidine-[methy1-3H], 25 days are 
required before the 3 H label is present in sperm 
leaving the testes (Swierstra, 1968). This time 
interval is 41 days for bulls (Orgebin, 1961). 
The duration of sperm transit through the 

epididymis is similar for boars and bulls and 
ranges from 9 to 12 days for boars (Swierstra, 
1968) and 8 to 11 days in bulls (Orgebin, 
1961). Other possible reasons for the different 
recovery times for boars and bulls from the 
cessation of  heat stress until  ejaculation of  
sperm with normal moti l i ty  could be the stage 
of  spermatogenesis affected or the severity and 
duration of  increased testicular temperature.  

Control and heat stressed boars had similar 
acrosome characteristics prior to t reatment  
(figure 3). During 2 to 5 weeks of  treatment,  
heat stressed boars had an increased (P<.05) 
percentage of sperm with aged acrosomes 
compared to control  boars (37 + 6 v s  24 + 6%, 
respectively). During the post-treatment period, 
percentage of  sperm with aged acrosomes was 
similar for heat stressed and control  boars. The 
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Figure 4. Total sperm per ejaculum from control 
and heat stressed boars before, during and after expos- 
ure to elevated ambient temperature. •215215 Daily 
ejaculation period. 
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TABLE 1. TOTAL SPERM (X 109) PER EJACULUM FROM CONTROL AND HEAT 
STRESSED BOARS DURING DAILY EJACULATION 

Day of 
treatment a Control 

Treatment b 

Heat stressed 

33 
34 
35 
36 
37 
38 

48.1•  c 
33.3• 8.7 
19.7• 4.7 
13.1• 4.4 
16.5• 4.6 
18.0• 6.4 

26.8• 
11.2• 
15.8• 

8 .9•  
13.2• 

3 .5•  

asignificant day effect (P<.O1). 

bsignificant treatment effect (P<.025). 

CMean +- SE. 

reason for  the similarity in the percentage of  
sperm with aged acrosomes f rom cont ro l  and 
stressed boars immedia te ly  after  the  cessation 
o f  t r ea tment  is not  apparent.  

Sperm ou tpu t  was similar for  cont ro l  and 
heat  stressed boars before  and during t r ea tment  
(figure 4). Af ter  the 11 weeks o f  heat  stress, 
sperm ou tpu t  was decreased in heat  stressed 
boars compared  to cont ro l  boars. There was a 
significant (P<.001)  week by t r ea tment  inter- 
act ion.  Sperm ou tpu t  was reduced be tween  2 
and 4 weeks after the te rminat ion  o f  exposure  
to  elevated ambient  tempera ture .  In a previous 
s tudy (Wet temann e t  al., 1976), a reduct ion  in 
sperm ou tpu t  was observed during heat  stress 
with an approx imate ly  50% reduct ion  in 
gonadal  and extragonadal  sperm in heat  stressed 
boars compared  to cont ro l  boars after  90 days 
o f  t reatment .  Since there is much  variat ion in 
sperm output ,  the  boars were ejaculated daily 
during days 33 to 38 o f  the  t r ea tment  in the  
present  s tudy to de termine  if the effects  o f  heat  

stress on sperm ou tpu t  are more  p ronounced  
with daily ejaculation.  As would  be expected ,  
daily sperm ou tpu t  decreased in bo th  cont ro l  
and heat  stressed boars with t ime ( P < . 0 1 ; t a b l e  
1). Sperm ou tpu t  of  boars during days 33 to 38 
o f  heat  stress was reduced (P<.025)  averaging 
about  54% that  o f  cont ro l  boars. McNit t  and 
First (1970)  and Christenson e t  al. (1972) also 
repor ted  decreased sperm ou tpu t  f rom boars 
after  3 days of  heat  stress. 

Fer t i l i ty  of  heat  stressed boars was reduced 
(table 2). When six cont ro l  boars were mated,  
82% of  the  gilts were pregnant  at 30 days after  
breeding, but  only 59% (P<.05)  of  the gilts 
bred by heat  stressed boars conceived.  Fert i l i ty  
o f  the  individual boars subjected to heat  stress 
was variable. Individual concep t ion  rates for the  
six stressed boars were 20, 40,  62, 62, 82 and 
88%, whereas,  be tween  75 and 100% of  the  gilts 
bred to  each of  the  cont ro l  boars were  pregnant.  
This type  o f  individual boar  variat ion in re- 
sponse to heat  stress exists for some semen 

TABLE 2. FERTILITY OF GILTS MATED WITH CONTROL OR HEAT STRESSED BOARS 

Gilts pregnant at 30 • 3 days 
after breeding 

No. of No. of Embryo 
Treatment boars gilts bred No. Percent ab survival 

Control 6 37 30 82 82.0 -+ 2.0 
Heat stressed 6 40 25 59 78.7 -+ 4.5 

aAverage of the percentage of gilts pregnant for each boar. 
b �9 �9 �9 Slgmflcant treatment effect (P<.05). 



REPRODUCTIVE CHARACTERISTICS OF IIEAT STRESSED BOARS 1505 

t ra i t s  as well as fer t i l i ty .  However ,  sincc boars  
were no t  e jacula ted for  screen qual i ty  deter -  
m i n a t i o n s  dur ing  the  b reed ing  season,  the  
re la t ionship  be twee n  semen qua l i ty  and  fer t i l i ty  

o f  individual  boars  could no t  be d e t e r m i n e d  in 
this  s tudy.  

in con t r a s t  to  a previous  e x p e r i m e n t  (Wet- 
t e m a n n  e t  al., 1976)  e m b r y o  survival to  30 + 3 
days a f te r  b reed ing  was not  in f luenced  by  hea t  
stress of  the  boars.  Natural  mat ings  were 
ut i l ized in the  present  s tudy ,  whereas  in the  
earl ier  s tudy  artificial  i n semina t ions  were 
p e r f o r m e d  wi th  6 bil l ion to ta l  sperm t h a t  were  
used fresh on  the  first day  of  es t rus  and  s tored  
unt i l  t he  second  day o f  brceding.  This observa-  
t ion  suggests t ha t  sperm cell qua l i ty  may  n o t  
have an ef fec t  on  l i t te r  size at 30 days a f te r  
b reed ing  when  excess n o n s t o r c d  sperm are 
depos i t ed  by  na tura l  mat ing.  

We conc lude  t ha t  whole  body  exposure  of  
boars  to increased a m b i e n t  t e m p e r a t u r e  (31 and  
34.5 C for  6 weeks)  does  no t  in f luence  the  
abi l i ty  to  e jacula te  or  semen volume,  bu t  the  
pe rcen tage  mot i l e  sperm is decreased and  the  
n u m b e r  of  sperm wi th  aged ac rosomes  is 
increased.  Percentage  mot i l e  sperm f rom boars  
did no t  r e tu rn  to  normal  unt i l  5 weeks  a f te r  the  
end  o f  hea t  stress. The  reduc t ion  in semen  
qua l i ty  dur ing  hea t  stress o f  boa r s  is associa ted  
wi th  decreased  fer t i l i ty  a f te r  na tu ra l  breeding.  
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