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IMPACT OF HEAT STRESS ON PREGNANT RABBITS AND ON THE DEVELOP-
MENT AND VIABILITY OF THEIR FOETUSES

By
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The remarkable reproductive potential of the 'rabbits is
5till not fully utilized in broiler rabbit production. The main
reascn seems to be the intra-uterine death of the foetuses un-
der the influence of various environmental stressors /inade-
quate feed supply, toxicoses, heat stress, etc./ which act on
the pregnant does.

Embryonic mortality is occasionally as high as 30-35 per
cent in heterogeneous rabbit flocks. The mature ova produced
by does fand sows/ alwavs outnumber the actual litter sizes.
The implantation rate of the fertilized ova is genetically
determined. Generally about three per cent of the ova deteri-
orate after ovulation. Round 45 per cent of the intra-uterine
deaths are consequent upon impnlantation failure /5/. The emb-
ryonic losses may be increased further by various adverse en-
vironmertal factors, which act on the pregrant does. Depending
onn the type and intensity of environmental stress, the develo-
ping embryc andfor foetus suffers mild tc severe damages. The
damage is mainly quantitativs, resulting in embryonic death,
during the early stage of gestation /10/, whereas in a later
stage the ab ovo poor heat tolerance of the rabbits becomes
aggravated. The adverse influence of high ambient temperature
on embryonic development takes effect through elevation of the
maternal body temperature /6! also in the early stage of gesta-
tion. A h=2at stress causing rise of body temperature by 1.2 to
1.8°C during the first six days of gestation accounts for
seriouc prenatal losses /20/. Pre-implantation death of all
embryos by maternal heat stress was aiso reported in sows /247,
However, Hellmaan f1979/ pointed cut that the effects of hyper-
thermia associated with a viral infection /Myxovirus A,/ should
be differentiated from those due to ':at stress, becau%e the
latter gave riss= to abnormal embryonic development, whereas
the former aid not interfere with the normal course of gestati-
on i7¢. ’

Zince in fiz2icd conditions rahbit pregnancy is established
only crn aey i0-14 of gestation /8/, wn2 eaxvly disturbances
therecf remain as a rule unobserved, an¢ several valuable
breeding females are not inirequently culled for alleged in-
fertility. It is, therefore, advis=d that the possibility of
disturbed embryonic development be taken into consideration
whenever a sudden drop of the pregnancy rate occurs in a rabbit
production unit.
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The adverse cnvironmental influences give rise to proedomi-
nantly qualitative changes in the final stage of gestation,
in which the rate of the maternal energy and protein metabo-~
lism increases considerably, /2, 19/, and the foetal body mass
increases five to six times. The developmental anomalies oc-
curring in the prepartal stage, and failure of parturition
despite established pregnancy, can be estimated also in fileld
conditions by recording the number of stillborn or unviable
young. Thus appropriate measures can be taken immediately.

With these facts in mind, we investigated the nature of the
impact of the heat stress expectable under field conditions in
Hungary on the health of the does and on the viability of
their foetuses. Since we conducted the field studies ' in the
final stage of gestation, our experimental observations can be
applied directly in the production units of the broiler rabbit
industry.

Experimental

Materials and Methods

Four groups of five does were accommodated on the 20th day
of pregnancy in climatic chembers at 35, 30, 20 and 5°C ambient
temperature, respectively., They were caged singly in cages
equipped with nest box. The relative humidity of ambient air
was maintained at 40, 50, 70 and 80 per cent in the above se-
quence. o

Since the pregnant does kept at 35°C died already in the
initial days of the experiment6 we further on studied the im-
pact of high /30°C! and low /5°C/ ambient temperatures /groups
T and III/ and used the rabbits of group II /20°C/ as control.

The purpose of the study having been the assessment of tho-
se climatic stress factors, which acted in the late stage of
pregnancy . the temperature of the climatic chambers was adjus-
ted to 20°C after parturition also for the two experimental
groups.

The does received a granulated rabbit feed and drinking wa-
ter /from nipple drinkers!/ ad lib. throughout the period of
the sutdy, and their feed consumption was assessed daily.

The body mass of the does was determined once every day in
the morning hours, and immediately before and after parturi-
tion as well. The individual body weight of the newborn rabbits,
the litter weight, and the number of unviable youngs was also
determined.

The milk production of the does was estimated from body
weight determinations before and after lactation. The indivi-
dual body weight of the baby rabbits and the litter weight were
determined at regular intervals and the litter size was deter-
mined daily. All spontaneously died rabbits were autopsied.

The body weight changes were analyzed on the basis of the
post-lactation weight of does and the pre-lactation weight of
the young. The health state of all rabbits was observed conti-
nuously.

Results

All does exposed to 35°C ambient temperature in the advanced
state of pregnancy died for lack of a preceding climatic adap-
tation in heat stroke, within 72 h, i.e. on day 23 of gestaticn.
The mean body mass of the foetuses recovered from the dead does
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was 10.2 g, the mean foetal count was 5.8 and 4.4, respecti-
vely, in the left and right uterine horn, and the mean litter
size was 10.2.

The feed consumption INFLUENCE CF HIGH (30 °C) AND LOW (5°C)AMBIENT
of the does kept at TEMPERATURES ON THE FEED CONSUMPTION OF
different ambient tem= o coneumeron PREGNANT DOES
peratures is shown in gray ¢
Fig. 1. As can be seen,
the heat-exposed does ‘
consumed significantly 100 )
1p£0.001/ less feed o
165.9 g! in the advan- | 53
ced stage of pregnancy 1% viw
than those kept in cold
1161.5 g! or optimal vl
climatic environment 20
1170.4 g!/. Fig. 1 also
shows that the feed
consumption of the
cold-exposed does was
particularly high from day 24 to day 26 of pregnancy, but ten-
ded to decrease later on, exactly as in the other two groups.

As to drinking water consumption, the minimum was recorded
in the cold-exposed group /260 g/, and also the heat-exposed
does consumed less water /420 g/ than the control does /470 g/.
However, relative to unit feed consumption, the water consump-
tion was highest /1:6.4! in the heat-exposed group, and per-
sisted at a much lower level in the:control /1:2.9/ and cold-
-exposed /1:1.53/ groups.

The body weight changes of the | (ENCE OF HIGH (30°C) AND LOW
the heat-exposed does Tost on ave- (7 CIAMBENT TENPERAIURES OV
rage 87 g weight from day 20 to THE BODY MASS OF PREGNANT DOES

Fig. 1
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day 29 of pregnancy, the does of (6)  Fromdy 2o dayzs Fg2
the other two groups gained consi- s
derable weight /298 g, resp. 305 g/
in the same period. 2001

The parturition-related decrease wo . during parturition
in maternal body weight was always - w 3 s UTre
directly related with the corres- 'I:rﬁ 3 ] re
ponding litter weight. The does w00
kept in warm, cold and thermoneut- T
ral climatic environment lost 362, o
702 and 590 g of body mass, respec-
tively, by parturition. The mean e | |
litter mass was lowest /347g !/ in 00
the heat-exposed group, and highest. ||
1611 g/ in the cold-exposed group 500 -
ITable 1/. |

%01 LM =titter mass |
The correlation between ambient oo |

temperature and newborn litter
weight can be characterized with
the function Y = 634 - 9x, where
Y is the litter weight /g/, x is the ambient temperature !°C!
and the resulting correlation coefficient is r = -0.76. It
follows that, above 5°C, each 1°C temperature rise accounts for
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a reduction of the partal INFLUENCE OF HIGH (30°C)AND LOW (5°C) AMBIENT
litter weight by 9 g. No TEMPERATURES ON THE MAIN PARAMETERS OF THE

unequivocal correlation OFFSPRING bie 1
was demonstrable between el
the ambient temperature AMBIENT TEMPERATURE (*C)
and the individual birth X 20 3
weight Jr = 0.47/. The UTTER SIZE 7.8 88 104
analysis of the individual BRTH MaSS(g) [4s5 2 1txxx | S73:15 NS|  Sa7:18
birth weight demonstrated RO xa4

a significant decrease in N ns &5 26
the heat-exposed group HERTEl w0 7 n3
144 .51 relative both the AGE

cold-exposed and control L] o0 48 52

group /Table 1/. xxx p < 0001

Newborn rabbits of low
viability and less than 40 g body weight were regarded as un-
viable /23/. The high ambient temperature accounted for a sta-
tistically significant increase in the relative proportion of
unviable baby rabbits, which was 17,9 per cent in the heat-ex-
posed group and 9.6 per cent in the cold-exposed group, against
4.5 per cent in the control group /p<0.001, resp. pL0,05/.

As to early rearing losses, no baby rabbit died in the cont-
rol group until the 7th postnatal day, and relatively few /4.8
per cent/ died until the 19th day /Table 1/. In the heat-expo-
sed group 90 and 100 per cent, in the cold-exposed group 17.3
and 19.2 per cent of the young died until day 7 and day 19 post
partum, respectively. The cause of death was generally smothe-
ring or starvation.

On account of the enormous losses, the experimental study
was conclused in group I on day 7 of lactation, whereas in gro-
ups II and III it was continued until the 12th day.

The data of the postparturient feed consumption and of the

milk production of the . prn congUMPTION OF THE DOES AFTER PARTURTION
does are shown in Table 2. AT OPTIMAL AMBIENT TEMPERATURE
The does of groups II Table 2.

and III consumed—-signifi- T TS (°C)
cantly more feed than 01 A; 00 20 ISt 20
those of group I. FEED CONSUMPTN (g/cay) [ F—

The milk production |t WEEK OF LACTATON | 13792768 xx | 2412719 NS | 2462 144
of the does showed a si- UNTL DS OF LACTATION 26ep85 16 | 22 16

s . MILK PRODUCTION(g/day) | ¢—=——XxX ?

milar tendency. Relati- ot WEEK OF LACTAVION | 371278 xxx |1350:81 NG | 1307298
ve to a mean daily milk UNTIL DAY 19 OF LACTATON 1677276 NS | 1672 87
production of 135.1 and FEED CONVERSION RATE an 178 188
130.7 g in group II. and g‘ug‘&ﬁ(gg‘;‘ PRO- 6 .
III, respectively, the — - - -
does of group I produced ug<qm

significantly /pg0.001/

less milk /37.1 g! daily during the first week of lactation.
The mean daily milk production did not appreciably differ bet-
ween groups II and IIT until day 19 either, although the mean
daily feed consumption of the experimental /cold-exposed! does
was by 14.2 g higher,

The mean birth weight of the litters /Table 2/ was also si-
milar in groups II and III /2052, resp. 2028 g/ on day 19 post
partum, and the mean litter sizes were 8.0 and 8.4 respectively.
The mean individual body weight of the baby rabbits was by
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15.1 g lower in the cold-exposed group relative to the control.

The data on the relation of unit milk production ’/kg/ to
unit /kg/ feed consumption /Table 2/ represent with regard to
the lactation-associated body mass changes of the does only
estimates. The feed conversioh rates derived from these were
about 3.72, 1.78 and 1.88 kgl/kg for the does of groups 1, II
and III, respectively. Thus groups II and III did not appreci-
ably differ in respect of feed conversion either /1.6 and
1.7 kg/kg resp.!

Discussion

Rabbits adapt themselves relatively easily to the seasonal
temperature changes occurring under the climatic conditions of
Hungary. Pregnant does arenevertheless particularly sensitive
to abrupt heat stress. In the present experiment, abrupt expo-
sure to 357C ambient temperature acted as a direct causal fac-
tor of disease. The premortal symptoms shown by the heat-expo-
sed does /salivation and nervous symptoms/ indicated the onset
of the irreversible changes associated with thermic shock. If
such symptoms occur in a doe flock, attempt should immediately
be made to reduce the body temperature of the animals, if requ-
ired even by spraying with water. If the elevation of the body
temperature cannot be prevented, first increase, then decrease
of the respiratory rate, drop of blood pH, rise of blood HCO3
and profuse salivation give in due course rise to hyponatra-
emia and hypopotassaemia, which will ultimately lead to a fatal
outcome by upsetting the homeostasis.

Such an extreme heat stress does not normally occur under
the climatic conditions of Hungary, unless ventilation fails
in the enclosed doe house during a summer heat wawe.

As to the effect of 30°C ambient temperature, this did not
directly give rise to disease, yet imposed a considerable
stress on both the pregnant does and their foetuses. The does
reduce their feed consumption in the warm environment conside-
rably /9, 14, 16, 18, 21, 22/, especially in the last trimester
of pregnancy. The heat-exposed does consumed in the present ex-
periment by 59.2 per cent less feed and by 10.7 per cent less
drinking water than the control does, although their water
consumption increased 2.2 times over the control relative to
unit feed consumption. It ought to be mentioned in this context
that while Stephan and others /21, 22/ reported an increased
drinking water consumption along with a gecreased feed consump-
tion in broiler and angora rabbits at 30°C, Johnson and others
19/ and Prud’hoi¥femonstrated consistently with us reduced le-
vels of both feed and water consumpticn in pregnant does under
hecat stress. The cause of the diminution of water consumption
with rising ambient temperature seems to be the fact that the
digestion of the lesser amount of feed consumed in warm envi-
ronment requires a lesser amount of water than the quantity
required for evaporation from the skin at high temperatures.

The feed consumption of the rabbits is regulated by the
requirement for digestible protein and metabolizable energy
13, 4, 12/. In our own experiments the feed consumption was
nevertheless reduced during the last trimester of pregnancy, -
as demonstrated also by Prud’hon /17! and Lebas and others /11/.

The fact that irrespective of former significant differences
related to the climatic environments /sce groups I-I1 and I-III/
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.the does of all groups reduced their feed consumption in ad-
vanced pregnancy, prompted the hypothesis that not so much
the current energy needs as certain neurohormcnal mechanisms
take over the regulation of' feed consumption in that critical
stage of gestation.

The results of the present study strongly suggest that the
low /5°C/ ambient temperature affected neither the health sta-
te of the pregnant does, nor the development of their foetuses,
whereas the high /30°C/ ambient temperature accounted for ex-
haustion of the does’ energy and protein reserves by the end
of pregnancy /as judged from body mass decrease/ and for a
relative decrease in litter size and relative proportion of
viable newborn as well. Hafez /19707 pointed out earlier that
exposure of the does to heat stress resulted as a rule in inc-
reased foetal mortality, decreased brith weight and increased
unviability of the newborn rabbits /6/. Our own experimental
observations indicate that the adverse effects of heat stress
on both doe and foetus were associated mainly with reduced
feed consumption.

The adverse effects of heat stress persisted also after par-
turition, despite the optimal climatic conditions provided for
the parturient and lactating does. The formerly heat-exposed
does consumed by 42.8 per cent less feed and produced by 72.3
per cent less milk than the control does. This was in all pro-
bability consequent upon the diminution of thyroid function by
the preceding heat stress. It is known that, along with the
mammogenic hormones progesteron, prolactin, STH, etc./, thy-
roxin, too, plays a role in the structural development and
milk production of the mammary gland. According to viard and
others /25/, pregnant or lactating dces having a low blood
prolactin level were incapable of rearing their entire litter
to adulthood. Nigmatulin /15/ incriminated the milk production
disturbances of does as the main cause of early rearing losses
funtil 2 days of age/ in rabbit production. Lohliger and ot-
hers 43/ stated that the great majority of early rabbit lossess
occured until 2 days of age.

In Hungary the summer heat wawes appeared during the last
50 years on 10-13 days per annum, depending on the geographic
region. In the same period the daily temperature maxima reac-
hed 34.4 and 34.8°C in July and August, respectively, in the
Capital and its surroundings, whereas the mean daily tempera-
tures did not rise above 21.9 and 21.1°C. We measured in field
conditions 25, 29 or 33°C ambient temperature in light-const-
ruction doe houses. It follows that at external temperatures
of 28-30°C even with efficient ventilation can not reduce the
ambient temperature of a tightly stocked doe house. It is the-
refore recommended that, in addition to furnishing a maximal
air exchange rate, the floor of the doe house should be spra-
yed with water, because this simple measure can reduce the
ambient temperature by 3-4°C if the ambient air is not satura-
ted with water vapour fadiabatic cooling/.

Since in summer the nocturnal drops of temperature usually
stimulate feed consumption, the does may to a certain extent
compensate for the adverse effects of diurnal heat.

The 90 per cent baby rabbit mortality which occurred in the
heat-exposed group until the 7th postpartal day was unequivo-
cally consequent upon the unviability and poor milk supply of
the offspring. It follows that high ambient temperatures damage
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in the last trimester of pregnancy not only the does, but also
the foetuses, and still have a disadvantageous influence on
the milk production of the does and, consequently on the deve-
lopment of the suckling rabbits after restoration to an opti-
mal climatic environment. Further studies into the causes of
the lactation disorders are in progress.

Summary

Four groups of five dogs each were kept at ambient tempera-
tures of 5, 20, 30 and 35°C, respectively, in climatic cham-
bers, from day 20 of gestation until partugition, after which
the ambient temperature was adjusted to 20 C for each group.
The does received a standard rabbit feed and drinking water
ad lib. throughout the period of the study.

The pregnant does kept at the highest temperature /35°C/
died within 72 h of heat exposure, and those kept at 30% -
although they did not show symptoms of disease - consumed sig-
nificantly !p(OOOOl! less feed than the control /20°C/ and
cold-exposed /5°C/ does, and also lost 84 g of body mass until
the termination of pregnancy.

It should be noted that, irrespective of the former levels
of feed consumption, a decrease of the mean daily feed consump-
tion occurred in all groups from the 26th day of pregnancy on-
ward.

The litter mass of 8he newborn rabbits was highest /611 g/
in the group kept at 5°C until parturition. The interrelation-
ship between the ambient temperature of the pregnant does and
the litter mass was characterized with the function Y = 634 -
9x /r = -0.76/, where Y is the newborn litter mass /g/ and x
is the ambient temperature /°C/. It follows that, above 5°C,
each 1°C rise of temperature accounted for reduction of the
newborn litter mass by 9 q.

The does exposed to 30°C during the last trimester of preg-
nancy produced significantly /p<0.001! less milk /44.8 g/
during the first week of lactation than the control and previ-
ously cold-exposed does /136.7 and 137 g/day/. The low birth
mass consequent upon prenatal heat stress and the low milk sup-

play provided by the previously heat-exposed does accounted for
a 90 and 100 per cent mortality of the baby rabbits until the
age of 7 and 19 days, respectively. It follows that exposure

to a high ambient temperature /30°C/ during the last trimester
of pregnancy affects not only the health of the pregnant does
and the development of their foetuses, but also accounts for

a reduced milk production under the conditions of the optimal
climatic environment furnished after parturition.

Zusammenfassung

Vier Gruppen von je 5 tragenden Hdsinnen wurden ab 20. Trich-
tigkeitstag in Klimakammern bei 5, 20, 30, bzw. 35°C Temperatur
gehalten. Nach dem Wurf wurde die Umwelttemperatur fiir sidmt—
liche Gruppen auf 20°c eingestellt. Wdahrend der Untersuchungs-
periode wurden die Tiere mit Kaninchen-Fertigfutter und Trink-
wasser ad lib. versorgt.

Die bei der hdchsten Umwelttemperatur /35°c/ gehaltenen
Muttertiere gingen an der Warmebelastung binnen 72 Stunden ein.
Bei 30°C erkrankten die Hisinnen nicht, verminderten aber im
Vergleich zu den keiden anderen Gruppen ihre Futtereufnahme
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mit p 0.00L signifiliant, und wiecsen bis zum Wurf einen um 84 g
geringeren Kdrpermassenzuwachs auf.

Nach dem 26. Trdchtigkeitstag ging die Futteraufnahme un-
abhdngig von den vorhergehenden Konsum in allen 3 Gruppen zu-
rick.

Die gesamte ‘Geburtsmasse der Jungen erreichte in der bei
5°C gehaltenen Gruppe ihren Hochstwert /611 g/. Der Zusammen-
hang zwischen der Umwelttemperatur der hochtragenden Hdsinnen
und der gesamten Geburtsmasse des Wurfes konnte mit der Funk-
tion Y = 634 - 9 x /r = -0,76/ charakterisiert werden, wo Y
die Geburtsmasse /g/ und x die Umwelttemperatur /°C/ bezeich-
net. Daraus geht hervor, dass iliber 5°C jede Temperaturerhthung
um 1°C eine Verminderung der Wurfmasse um etwa 9 g bewirken
dirfte.

Die mittlere tdgliche Milchproduktion der im letzten Trédch--
tigkeitsdekad bei 30°C gehaltenen Hdsinnen war widhrend der
ersten Laktationswoche im Vergleich zu den beiden anderen
Gruppen /136,7, bzw. 137 g/ auch bei der optimalen Umwelttem-
peratur 120°C! mit p<0.001 signifikant geringer /44.8 g/.

Geringe Geburtsmasse und unzureichende Milchversorgung
fiihrten zum Abgang von 90 % der Jungen bis zum 7. Lebenstag
und von allen blS zum 19. Lebenstag in der im letzten Tr&chtig-
keitsdekad bei 30°C gehaltenen Gruppe. Daraus folgt, dass die
lidrmebelastung der hochtragenden Hdsinnen nicht nur die Gesund-
heit der Muttertiere und die Entwicklung ihrer Leibesfriichte
schddigt, sondern auch die bereits unter optimalen mikroklima-
tischen Bedingungen vor sich gehende Milchproduktion erheblich
beeintrdchtigt.
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