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SUMMARY

Forty-four New Zealand White (NZW) and Baladi black (BB) rabbit bucks of 8
months old were used in this study during two climate conditions. Twelve NZW and
10 BB rabbits were used in hot climatic conditions (May-October 2003) and 12 NZW
and 10 BB rabbits were used in mild climatic conditions (November-April 2004),
respectively. In each period, bucks in each breed were divided into two equal groups
according to the housing system. The first group was raised in semi-closed rabbitry
and the second was housed in an open rabbitry under shed. The estimated
temperature-humidity index values indicated that exposure of rabbits to very severe
heat stress under semi-closed building while those raised under shed were exposed to
moderate heat stress during the hot period and absence of heat stress in the mild-
climate period.

Thermoregulatory —and  hematological  response, plasma  testosterone
concentrations, sexual behavior, semen characteristics and fertilizing ability were
(P<0.001, 0.01 or 0.05) adversely affected by semi-closed housing system and hot
climate period. During mild climate period, NZW bucks raised in semi-closed system
showed the best thermoregulatory and hematological responses, and values of
testosterone concentration and consequently best semen quality, fertilizing ability
and litter size at birth, followed by those housed in open system than BB rabbit bucks.
Hot climatic condition period adversely affected performance of NZW bucks raised in
the semi-closed system than that of BB rabbits, however, housing NZW bucks in the
open system during hot period alleviated heat stress and improved their
performance. These results showed the superiority of the open system during hot
climate period, since physical properties of building materials and environmental
conditions under shed are markedly reflected on the bucks performance as indicated
by both physiological reactions and biological responses which are the most and
accurate indicators for rabbits welfare.

Keywords: Climatic conditions, housing system, breed, rabbit bucks,
thermoregulatory parameters, semen quality

INTRODUCTION
Reproductive success, defined by fertility and litter size, greatly determines the

efficiency of meat rabbit production. Failures in fertilization or embryogenesis have
been shown to be in part of semen origin (Saacke et al., 2000). High quality semen
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are required year-round to achieve the maximum number of suitable doses for
insemination. Environmental, physiological and genetic factors can affect normal
spermatogenesis as well as sperm function, thereby altering male fertility.
Concerning environment, thermal stress implies a deregulation in the thermal neutral
zone of the animals, which could lead to changes in biological functions of animals,
so a “seasonal sterility” has been described in several mammalian species, in which
high ambient temperatures could affect levels of testosterone and reproductive
functionality of rabbit males (Alvarifio, 2000 and Meshreky, 2007). Rabbit’s
production demands great quantity of labors, to create an adequate environment in
relation with both hygiene and comfort that allows them better performance on each
physiological stage (Villalobos et al., 2008).

Hot months in the middle Egypt are a very long time, which starts from April
and continues till October. Rabbits in hot conditions are very susceptible to heat
stress and suffering from eliminating excess body heat. Physical stressors include
environmental variables such as housing system and climatic factors (Verga et al.,
2007). Therefore, applying the sanitary methods and adopting the modern experience
in the field of raising rabbits and prevention from diseases are essentials for
successful rabbit production.

Housing systems for rabbits should be efficient in environmental control to
insure better biological performance and good economic return. Poor building design
and unsuitable microclimates can result in stresses on the rabbit stock, with
consequent lower reproductive efficiency and loss in production (Baumans, 2005).
The main welfare indicators to assess rabbit housing are mortality (unavoidable low),
morbidity (unavoidable low), physiological parameters in the species-specific
standard, species-specific behavior and performance on a high level (Hoy, 2008). The
housing of rabbits is must be related to behavioural, hygienic, environmental and
welfare aspects. Although a high performance is no proof of a high welfare level, a
low performance is an indicator of problems in housing, environment and
management.

The aim of this study was to investigate the effect of housing system under both
hot and mild climatic conditions of middle Egypt on physiological responses and its
reflection on reproductive performance of New Zealand White and Baladi Black
rabbit bucks.

MATERIALS AND METHODS

The present study was carried out in the rabbitry at Seds Research Station, Beni-
Suef Governorate, Animal Production Research Institute, Agricultural Research
Center, Ministry of Agriculture. Forty-four New Zealand White (NZW) and Baladi
black (BB) rabbit bucks of 8 months old were used in this study during two climate
conditions. Twelve NZW and 10 BB rabbits were used in hot climatic conditions
(May-October 2003) and 12 NZW and 10 BB rabbits were used in mild climatic
conditions (November-April, 2004), respectively. In each period, bucks in each breed
were divided into two equal groups according to the housing system.

The first group of animals was housed in semi-closed rabbitry building of 12 m
length, 5 m width and 3.5 m height with wire netted windows at the east side for
providing natural ventilation. The windows height was 0.9 m from the floor. Three
doors of 2 m high x 0.9 m width are present at the west side of the rabbitry. Roofed
by 15 cm thick reinforced concrete slab. The walls are made of 12 cm thick common
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brick and 2 c¢m plaster, inside and outside of the wall. The floor of the rabbitry was
made of concrete. Rabbits were kept individually in galvanized wire cages (45 x 60 x
35 cm) and arranged in double tier batteries supplied with feeding hoppers and
nipples for automatic drinking. The second group of animals was housed in open
rabbitry system, under shed made of corrugated iron sheet of 6 m height, surround by
a wall of 3 m height and some of gazwarina trees of 8-11 m height behind the wall.
Rabbits were kept individually in cement pen (85 x 60 x 60 cm). The pens unit was
built in two floors 0.6 m above the ground; each of 8 pens and supplied with feeding
hoppers and nipples for automatic drinking. The floor and the door of the pen were
made of galvanized wire net. The pens units were built in parallel lines with 1.2 m in-
between, each of the east side and another of the west side. The floor of the rabbitry
was made of cement.

Air temperature (°C) and relative humidity (%) inside the semi-closed rabbitry
building or under shed were measured weekly throughout the experimental periods
between 12.00 to 14.00 h using automatic thermo-hygrometer. Averages of air
temperature and relative humidity values at mid-day inside the semi-closed rabbitry
building and under shed were 37.4+0.6°C, 71.1+3.2%, 30.1+0.6°C, 65.3+2.8% during
the hot period and 24.4+0.7°C, 69.2+2.1%, 21.9£0.7°C and 62.2+2.1% during the
mild period, respectively. The temperature-humidity index (THI) was calculated
using the equation proposed by Marai ef al. (2002) as follows: THI = db°C — [(0.31 -
0.31 RH) (db°C - 14.4)], where db°C = dry bulb temperature in celsius and RH=
relative humidity percentage/100. The THI values obtained were then classified as
follows: <27.8= absence of heat stress, 27.8 - < 28.9= moderate heat stress, 28.9-
<30.0 = severe heat stress and 30.0 and more = very severe heat stress.

The bucks in all groups were offered feed and water ad libitum. The chemical
analysis of the commercial pelleted diet was 16.5% crude protein, 14.1% crude fibre,
2.9% Ether extract and 2650 kcal DE/kg diet digestible energy. Rectal temperature
was measured individually at midday biweekly by a digital thermometer (3-4 cm of
rectum), during the two experimental periods. Respiration rate was measured at
midday biweekly by visually counting breaths per minute using a stop watch. Three
blood samples from the marginal ear vein of rabbit bucks in each breed of each
housing system during the two periods of the year were taken randomly biweekly in
heparinized centrifugation tubes to determine hemoglobin, hematocrit, and
testosterone hormone concentrations in plasma using commercial diagnostic kits.

Semen was collected (using artificial vagina) weekly from each buck in each of
two housing and breed during the two experimental periods. The samples were kept
into a water bath at 37°C for evaluation. Sexual behavior (reaction time, RT) was
measured, which was the time interval from the introduction of the teaser doe into the
male’s cage to ejaculation. It was measured in seconds using a stopwatch. Semen
quality was evaluated by ejaculate volume, sperm motility percentage, sperm cell
concentration, and percentages of dead and abnormal sperm. The gel mass was
removed from semen samples before examination. Bucks were mated naturally with
mature does from the same breed to obtain fertilizing ability of bucks (number of
conceptive does/ number of mated does x100) and litter size at birth.

Data were statistically analyzed using General Linear Model procedure of SAS®
Program (1996) according to the following model:
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Yijk = p + Cj + Hj + B + all interaction available + eijk Where Yijk = The
observation, p = General mean, C; = Fixed effect of i™ climatic conditions (i=1,2;1,
hot conditions and 2, mild conditions), H; = Fixed effect of j™ housing system, j = 1
(semi-closed) and 2 (open system), By = the fixed effect of k™ breed, k= NZW and

BB, and € Error of the model. Significance of the differences in the results was

tested by Duncan’s New Multiple Range Test (Duncan, 1955). Data in percentage
were transformed with the arcsine square-root procedure to normalize variance
before analysis.

RESULTS AND DISCUSSION

The estimated THI values were 35.34 and 28.41 during the hot climate and 23.45
and 21.02 during the mild climate periods inside the semi-closed building and under
the shed, respectively. These values indicating exposure of rabbits raised in semi-
closed building to very severe heat stress and those raised under shed to moderate
heat stress during the first period (hot period) and absence of heat stress in the second
one (mild period). Theses results agreed with those finding by Garcia-Tomas et al.
(2008b) who found that the comfort zone temperature of rabbits is around 21°C and
that their productive and reproductive performance could be impaired when
temperature-humidity index (THI) is over 27.8, value that implies the beginning of
heat stress. Marai et al. (2002) also, reported that when exposed to THI 30 or more,
rabbits can no longer regulate internal temperature and heat prostration sets in.

Effect of climatic conditions:

All studied traits of thermoregulatory and hematological responses, testosterone
hormone levels, sexual behavior (reaction time), semen characteristics, fertilizing
ability percentage and litter size at birth were significantly (P<0.001, 0.01 or 0.05)
affected by temperature-humidity interaction during two climatic condition periods
studied (Table 1).

Rectal temperature (RT) and respiration rate (RR) were higher with increasing
temperature-humidity value during hot condition; whereas hematocrit (Ht)
percentage and hemoglobin (Hb) concentration were lower during hot condition than
that during mild condition. This may be due to the failure of the physiological
mechanisms to maintain the thermal balance of the animal (Abdel Samee et al.,
2005). In addition, several investigators found that respiration rate increased under
heat stress conditions (Meshreky 2007 and Ogunjimi, 2007). Lebas et al. (1997) also,
showed that when ambient temperature increased the animal pants to enhance heat
loss throughout water evaporation.

During hot climatic condition, plasma testosterone concentrations were lower by
18.11% than that during mild condition (Table 1). The reduction in testosterone level
during summer resulted from reducing the ability of leydig and sertoli cells
responding to LH hormone (Jegou et al., 1984). In addition, increase temperature-
humidity values during hot period suppressing sexual behavior (reaction time), semen
characteristics, fertilizing ability and litter size at birth (Table 1). The negative effects
of heat stress during hot period on traits studied are consistent with the findings of
Marai et al. (2004); Pascual et al. (2004); Ashour et al. (2005); and Meshreky et al.
(2005).
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Table 1. Thermoregulatory and hematological responses, testosterone hormone
concentration, sexual behavior (reaction time), semen characteristics and
fertilizing ability of rabbits as affected by climatic conditions and housing
system

Items Climatic conditions Si Housing systems
Hot Mild & Semi-closed Open

Thermoregulatory responses:

Rectal temperature (°C) 40.94+0.11 39.57+0.11 ** 40.43+0.11 40.08+0.11 *
Respiration rate 139.6+1.9 102.5+1.9 *** 1299+1.9 1122419 **
Hematological responses:

Hematocrit (Ht, %) 32.79+0.33 39.12+0.33 *** 3491+0.33 36.99+0.33 **
Hemoglobin (Hb, g/dl) 11.04+0.13 13.06+0.13 ** 11.62+0.13 12.48+0.13 **
Testosterone hormones 1.99+0.05  2.43+0.05 *** 2.15+0.05 2.27+0.05 NS
(ng/ml)

Reaction time (second) 27.98+0.45 21.21+0.45 *** 28.17+0.45 21.03+£0.45 ***
Semen characteristics:

Ejaculate volume (ml)  0.598+0.01 0.643+0.01 ** 0.628+0.01 0.613£0.01 NS
Sperm Concentration 303.1944.3 337.13£4.3 ** 304.75t4.3 335.56+4.3 **
(x10°%/ml)

Sperm motility (%) 61.42+0.44 81.04+0.44 *** 69.07+0.44 73.38+0.44 **
Dead sperm (%) 28.44+0.37 17.60+0.37 *** 26.11+0.37 19.93+0.37 **
Sperm abnormality (%) 24.82+0.47 16.22+0.47 ** 21.58+0.47 19.47+047 *
Fertilizing ability (%):

No. concept/No. 1617264  220/293 191279 190/275
insemination (61.69) (75.09)  *  (68.46) (69.09) NS
Litter size at birth 57240.13  649+0.11 *** 599+0.11 623+0.11 *

Sig.= Significance.
**Values with different superscripts in the same row, differ significantly (P<0.05).
" P<0.001, " P<0.01, “P<0.05 and NS = not significant.

Sperm cell concentration (x10%ml) and sperm motility were decreased with
increasing temperature-humidity value during hot period than mild period, while
dead sperm and sperm abnormalities percentages tended to increase (Table 1). These
results were in agreement with those reported by Roca et al. (2005) who showed that
the acute exposure to high THI (30) had immediate negative effects on sperm
concentration, total number of spermatozoa per ejaculate, sperm motility and sperm
normalcy. The values of these traits showed a great drop two weeks later of the
highest THI, but this variable remained practically constant when THI ranged
between 15 and 20. Rodriguez-De Lara et al. (2008) found that season determined
differences (P<0.05) in all semen analyzed variables except for volume that was
similar in both seasons (winter and spring).

The decrease of semen volume in hot period may be due to low sperm
concentration and/or a decrease in the volume of seminal plasma (Tharwat et al.,
2004). Hammond et al. (1983) reported that, the low ejaculate volume in summer
may be due to hypo activity of the accessory sexual glands and testes as a response to
the high ambient temperature. Moreover, El-Sherry er al. (1980) found that the
decrease in sperm cell concentration may be due to degeneration of germinal
epithelium and partial atrophy in the semniferous tubules. El-Sobhy (2000) also
found that the testes of heat exposed animals revealed significant focal degeneration
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in both seminiferous tubules and interstitial cells. In addition, the influence of high
ambient temperature prevailing during the summer season on spermatogenesis
leading to the high percentage of deformed spermatozoa (Rathore, 1970).

The reduction in fertilizing ability and litter size at birth under hot climatic
condition may be due to the adversely effect of heat stress fertility (Pla, 1998).
Moreover, Theau-Clement et al. (1995) observed that environment plays an
important role in the regulation of reproductive function, that it's stimulate must act
through the nervous system and the hypothalamo- pituitary axis. In addition, Piles et
al. (2008) found that sperm dosage has an important effect on male fertility.

Effect of housing system:

In spite of climatic conditions, all studied traits of thermoregulatory and
hematological responses, sexual behavior, semen characteristics and litter size at
birth were significantly (P<0.001, 0.01 or 0.05) affected by housing system, while
plasma testosterone hormone concentrations, ejaculate volume and fertilizing ability
percentage insignificantly affected by housing system (Table 1).

The RT and RR were higher in rabbits raised in semi-closed building than those
housed in open system, whereas Ht percentage and Hb concentrations tended to be
lower. Bucks housed in open system had higher testosterone concentrations, better
sexual behavior, good values of semen characteristics and litter size at birth than
those housed in semi-closed system. Variations in traits studied due to housing
system can be explained as a result of variations in air temperature and humidity
interaction inside the two systems (Meshreky and Farid, 2007). These results are in
conformity with the studies of Ashour and Shafie (2002), EL-Kholy (2003), El-
Bashary et al. (2005), Ibrahim ef al. (2005) and Meshreky (2007).

Effect of Breed:

The only studied traits, which were not significantly affected by breed in the
present study, were Ht, Hb, sperm motility and fertilizing ability percentages.
However, all other traits were significantly (P<0.01 or 0.05) affected (Table 2).

New Zealand White rabbit bucks had higher RT, RR, testosterone concentration,
reaction time (sexual behavior), ejaculate volume, dead and abnormal spermatozoa
percentages and litter size at birth than BB rabbits, except sperm cell concentration.
Differences between genetic types of bucks have been found for semen
characteristics and fertility. Moce et al. (2005) reported that the variability of semen
characteristics in male rabbits is generally high. Also, Viudes ef al. (2004) and Brun
et al. (2006) observed differences in semen characteristics for males from different
genetic lines and from crossbred and purebred males. These differences could be
explained by differences in maternal genetic effects and the existence of heterosis for
this trait (Garcia et al., 2006).

Variation between buck breeds in reaction time and semen attributes was large;
this is in agreement with the findings of Theau-Clement et al. (1995) who pointed out
that the cause of differences in sexual behaviour and semen characteristics could be
genetic make-up. These differences between breeds may be due to the variations in
pituitary gland activity, that can affect the secretion of lutilizing hormone which
affects the secretion of testosterone from the interstitial tissues of testes (Al-Sobayil
and Khalil, 2002). Garcia-Tomas et al. (2007 & 2008a) also observed differences
between breeds for some morphologic traits of testis (testis size, seminiferous tubule
diameter, number and size of interstitial and germ cells, etc) in developing rabbit.
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Table 2. Thermoregulatory and hematological responses, testosterone hormone
concentration, sexual behavior, semen characteristics and fertilizing ability of
rabbits as affected by breed.

Ttems Rabbit breeds Si
New Zealand White Baladi Black &

Thermoregulatory responses:

Rectal temperature(°C) 40.69+0.10 39.83+0.11 HAE
Respiration rate 130.71+1.9 111.36+2.1 ol
Hematological responses:

Hematocrit (Ht, %) 35.56+0.32 36.36+0.35 NS
Hemoglobin (Hb, g/dl) 11.95+0.12 12.15+0.14 NS
Testosterone hormones (ng/ml) 2.32+0.048 2.1040.053 wk
Reaction time (second) 26.13+0.43 23.07+0.43 *k
Semen characteristics:

Ejaculate volume (ml) 0.689+0.009 0.552+0.01 wox
Sperm concentration (x10%/ml) 301.56+4.1 338.75+4.5 *okk
Sperm motility (%) 71.29+0.42 71.16+0.46 NS
Dead sperm (%) 24.52+0.35 21.53+0.38 *
Sperm abnormality (%) 21.86+0.45 19.19+0.50 *
Fertilizing ability (%): 206/299 (68.90) 175/255 (68.63) NS
Litter size at birth: 6.6940.11 5.5140.13 ok

*®Values with different superscripts in the same row, differ significantly (P<0.05).
" P<0.001, " P<0.01, “P<0.05 and NS = not significant.

Effect of interactions:

There were significant effects (P<0.001, 0.01 or 0.05) of interaction between
climatic condition and housing system, climatic condition and breed, housing system
and breed, and among climatic condition, housing system and breed in some different
traits studied (Tables 3, 4 & 5).

In spite of rabbit breeds effect, the worst thermoregulatory and hematological
responses, testosterone concentration values, sexual behavior (reaction time), semen
characteristics, fertilizing ability and litter size at birth were detected in rabbits
housed in semi-closed system during the hot climate period (Tables 3, 4 & 5).
Housing rabbits in open system during hot period alleviated heat stress and
subsequently improved semen quality and fertility. Ogunjimi et al. (2008) found that
the heat and moisture production of the rabbits significantly affected by temperature
and relative humidity interaction, increased with increase of the temperature-
humidity index (THI). Hoy (2005) also concluded that low performance is an
indicator for problems in housing, environment and management. In addition,
Castellini (2008) reported that optimal conditions of rearing rabbit bucks can improve
the spermatogenesis and the quality of semen permitting to produce additional doses
with higher and more stable fertilizing ability.

During mild climatic period, NZW bucks raised in semi-closed system showed
more efficient thermoregulatory and hematological responses, and (P<0.001, 0.01 or
0.05) values of testosterone concentration and consequently good sexual activity
(reaction time), semen quality, fertilizing ability and litter size at birth, followed by
those housed in open system than BB buck rabbits (Table 3, 4 & 5). This may be due
to very low temperature (4°C) through night during mild period in the middle Egypt.
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The worst values of traits studied were recorded in NZW bucks housed in semi-
closed system during the hot period. Results revealed that increased air temperature
and humidity during hot period adversely affected performance of NZW bucks raised
in the semi-closed system markedly than that of BB rabbits, however, housing NZW
bucks in the open system during hot period alleviated heat stress and improved their
performance. Whereas, the performance of BB rabbits housed in open or semi-closed
systems during hot period were nearly similar in most of parameters studied. These
may be due to that BB rabbit bucks are more resistance to heat stress during hot
period compared to NZW rabbits (Khalil, 2002).

Table 3. Thermoregulatory and hematological responses of rabbits as affected by
interaction among climatic condition, housing system and breed

Interactions Thermoregulatory response Hematological response
RT (°C) RR Ht (%) Hb (g/dl)
Hot-Semi closed-NZW 41.72*+0.19 169.3%3.8 30.74°£0.63 9.95°:0.25
Hot-Semi closed-BB 40.56"+0.22 132.4°+4.1  32.40%:£0.69  10.68%+0.27
Mild-Semi closed-NZW 40.12%%+0.19 115.5%3.8 37.94°%+0.63  12.99%+0.25
Mild-Semi closed-BB 39.35%+0.22 102.3%4.1  3857":0.69  12.85%0.27
Hot-Open-NZW 41.22°+0.19 1402438  3330%:0.63  11.58%+0.25
Hot-Open-BB 40.30™£0.22  116.4°t4.1 34.71°£0.69  11.95°+0.27
Mild-Open-NZW 39.70+0.19 97.8+3.8 4024+0.63  13.26*+0.25
Mild-Open-BB 39.129+0.22 94.4%4.1 39.74%+0.69  13.12%+0.27
Climate x Housing NS NS NS *x
Housing x Breed NS * NS NS
Climate x Breed NS ** NS *
Climate x Housing x Breed *k NS NS NS

*®Values with different superscripts in the same column, differ significantly (P<0.05).
" P<0.001, ~ P<0.01, “P<0.05 and NS = not significant.

Table 4. Semen characteristics of rabbits as affected by interaction among climatic
condition, housing system and breed

Ejaculate Sperm Sperm Dead Sperm
Interactions volume concentration motility sperm abnormalities
(ml) (x10%/ml) (%) (%) (%)

Hot-Semi closed-NZW  0.63°+0.01 267.5°+8.2 55.0+0.85 37.5°+0.7 31.5°+0.9
Hot-Semi closed-BB 0.5240.02 308.7°49.0 61.2°40.93 27.4°+0.8 22.1°¢1.0
Mild-Semi closed-NZW 0.78%£0.01 314.4%+£82 84.8%40.85 16.6°:0.7 15.9°+0.9
Mild-Semi closed-BB  0.59%+£0.02 328.4%+9.0 75.3°:0.93 22.9°40.8 16.7%%1.0

Hot-Open-NZW 0.70°+0.01 292.8°+82 64.6°+0.85 28.4°+0.7 26.7°+0.9
Hot-Open-BB 0.54°£0.02 343.7°+9.0 64.8°£0.93 20.4°+0.8 18.9%41.0
Mild-Open-NZW 0.65°°+£0.01 331.5™+8.2 80.7°+0.85 15.5°+0.7 13.3+0.9
Mild-Open-BB 0.56°£0.02 374.2+9.0 83.4+0.93 15.4°t0.8 18.9%1.0
Climate*Housing HoAk NS Hoxk Hoxk ok
Housing*Breed NS NS * * *
Climate*Breed NS wkx wokx wokx Hokk
Climate*Housing*Breed Hx ok ok ok *x

*®Values with different superscripts in the same column, differ significantly (P<0.05).
" P<0.001, " P<0.01, “P<0.05 and NS = not significant.
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Table 5. Testosterone hormone concentrations, reaction time, fertilizing ability of
rabbits and litter size at birth as affected by interaction among climatic condition,
housing system and breed

Testosterone Reaction Fertilizing Litter size

Interactions concentrations time ability at
(ng/ml) (Second) (%) birth

Hot-Semi-closed-NZW 1.84°+0.10 39.50°£0.87  37/71 (52.11% 5.62°+0.28
Hot-Semi-closed-BB 1.87%°£0.11 27.32°+0.95  38/60 (63.33°) 5.42°40.27
Mild-Semi-closed-NZW 2.77"+0.10 22.33°C+0.87  67/82 (81.71%) 7.40°+0.21
Mild-Semi-closed-BB 2.14%%40.11 23.54%9£0.95  49/66 (74.24™) 5.53°40.25
Hot-Open-NZW 2.18%4+0.10 24.28%0.87  45/68 (66.18%)  6.49°+0.25
Hot-Open-BB 2.08%°+0.11  20.84%0.95  41/62 (66.13°)  5.34°:0.26
Mild-Open-NZW 2.48°+0.10 18.42"+0.87 57/78 (73.08") 7.26*+0.22
Mild-Open-BB 2.34%40.11 20.56°£0.95  47/67 (70.15™)  5.77°+0.25
Climate x Housing * HAE o NS
Housing x Breed NS *Ak NS NS
Climate x Breed * HAK * HE
Climate x Housing x Breed * *E ** NS

*®Values with different superscripts in the same column, differ significantly (P<0.05).
"*P<0.001, " P<0.01, “P<0.05 and NS = not significant.

These results are in accordance with the findings of Garcia-Tomas et al. (2008
a&b) who reported that environmental, management, physiological and genetic
factors can affect normal spermatogenesis as well as sperm function, thereby altering
male fertility. Variation in the seminal characteristics is known to be affected by
many factors (genetic strain, feeding, health status, rearing condition, season, age and
collection frequency), thus contributing to the large variability in semen traits
(Alvarifio, 2000). Gad et al. (1995) also found that NZW rabbits showed many
changes in blood Hb and Ht levels, with higher drop in summer than Baladi Red
rabbits. These results proved the sutability of the open system during hot period for
maintaining the climatic conditions nearly within the comfort zone for rabbits.

CONCLUSIONS

1. Raising NZW rabbits in semi-closed system under severe heat stress caused
disturbance in the physiological background consequently bad performance than
that of BB rabbits.

2. Referred to the thermal properties of housing system, open system was the most
favorable housing during hot period in middle Egypt, which reduced the
deleteriously effects resulted in stressful hot conditions and enhanced biological
responses which improved reproductive and productive efficiency, whereas
semi-closed system turned to be favorable during mild period.
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