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1- ENGLISH SUMMARY

A five-year crossbreeding project involving Spanish maternal line called V-line (V) and Saudi Gabali (S) rabbits was carried out to synthesize new maternal and paternal lines to be used as parents in Saudi Arabia particularly in El-Qassim region. Ten genetic groups of V, S, ½V½S, ½S½V, ¾V¼S, ¾S¼V, (½V½S)2, (½S½V)2, (¾V¼S)2 and (¾S¼V)2 were produced through five generations. An animal model was used to estimate the heritabilities and permanent or common litter environmental effects. A generalized least square procedure was used to estimate direct Genetic genetic additive effects (
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), individual (HI) and maternal (HM) heterosis, and direct recombination effect (RI) for different data sets obtained. The results obtained could be summarized as follows:
1.1 Litter traits, milk yield and components and feeding parameters:

Litter size at birth (LSB) and weaning (LSW), litter weight at birth (LWB) and weaning (LWW), pre-weaning litter survival (PLS), total milk yield (TMY), milk conversion ratio (MCR), pre-weaning total (TFC) and daily (DFC) feed consumption per litter, feed conversion ratio per kg of litter weight at weaning (FCRLWW), and conversion ratio of feed to milk (FCRM) or litter gain (FCRLG) were evaluated for 2441 litters of 854 does fathered by 142 sires and mothered by 351 dams. Groups of ½S½V and ¾S¼V recorded the highest performances in LSB, LSW, LWB, and LWW, while groups of ¾S¼V and (¾S¼V)2 recorded the highest PLS and TMY. The least values in litter traits were recorded for group of (¾V¼S)2. Among different crossbred does, genetic group of ¾S¼V recorded relatively the highest TFC with favourable FCRLWW, while those of (¾V¼S)2 group recorded the lowest FCRLG. Heritabilities for litter traits and feed conversion ratio were low, ranging from 0.04 to 0.19 for litter traits, while they were moderate and ranging from 0.10 to 0.16 for feeding parameters. Heritabilities for milk yield traits and milk conversion ratio were moderate, ranging from 0.18 to 0.27, while they were low or moderate and ranging from 0.09 to 0.28 for milk components. Ratios of permanent environment for all pre-weaning litter traits and milk traits were relatively moderate and ranged from 0.11 to 0.28, while these ratios were low and ranging from 0.05 to 0.12 for milk components, feed consumption and conversion parameters. Estimates of 
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 for most litter traits and lactational and feeding parameters were significantly moderate in favour of V-line does; being 1.05 young, 24.7 g, 10.7 litter, 319 g, 0.185, 573 g, -16.9 g, and -0.287  in LSB, LWB, PLS, TMY, MCRLG, TFC, DFC and FCRM, respectively. Considerable significant estimates of 
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 were also in favour of V-line dams for LSW (1.02 young) and PLS (9.9 litter). Estimates of HI for litter traits were positive and most of them were significant (P<0.05). Crossbred does were associated with 0.7 young, 44 g, 108 g, 3.3 litter, 257 g, 789 g and 29 g of heterotic effects in LSB, LWB, LWW, PLS, TMY, TFC, and DFC, respectively. The percentages of HI ranged from 1.0 to 10.8 % for litter and lactation traits, and 3.6 to 12.9 % for feeding parameters. The estimates of HM were positively moderate and ranged from 4.3 to 11.4% for litter size and weight traits (being 0.81 young, 0.74 young, and 170 g for LSB, LSW, and LWW, respectively), and from -6.8 to 5.0% for feeding parameters. The negative estimates of HI and HM for FCRLG were also moderate and favourable. 

1.2 Post-weaning growth performance and thermo tolerance characters:

Body weights (BW) and daily gains in weight (DG) from four to twelve weeks, and thermo tolerance parameters (TTP) at six and twelve weeks of age were evaluated for 10178 rabbit fathered by 106 sires and mothered by 621dams. Groups of ¾V¼S and (½S½V)2 were the highest in growth performance, while group of ½S½V was the lowest. Differences among genetic groups were very limited in body and ear temperatures and respiration rates at 6 and 12 weeks of age. Heritabilities for growth traits were mostly moderate and ranging from 0.075 to 0.240 for BW and ranging from 0.104 to 0.20 for DG, while estimates for all TTP were not significantly different from zero. Ratios of common litter effects for post-weaning body weights and gains were mostly high; ranging from 0.255 to 0.489 for body weights and from 0.183 to 0.263 for daily gains in weight. The estimates of direct genetic effects for growth traits were in favour of V line, but the estimates of maternal genetic effects were in favour of Saudi rabbits. Estimates of 
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for BW and DG were mostly in favour of V-line rabbits; reaching 17.2% for some traits. V line dams showed unfavorable maternal genetic effects for BW (ranging from 48.5 g to 93.8 g) compared with the Saudi rabbits. Estimates of 
[image: image16.wmf]I

S

V

D

-

 and 
[image: image17.wmf]D

S

V

M

-

 for TTP were nearly close to zero. The effects of HI for BW were mainly positive and ranging from 1.3 to 4.5 %, while the estimates of HM were mainly negative and ranging from 0.2 to 5.3 %. Neither HM nor RI was significant for growth traits and TTP. The estimates of RI were always not significant and mostly favourable.

1.3 Carcass and meat quality traits and blood parameters:

Carcass traits, meat quality and blood parameters at 12 weeks of age were evaluated for 1387 rabbit fathered by 90 sires and mothered by 621 dams. Genetic group of (¾S¼V)2 was the best in carcass traits and chemical composition of the meat along with favourable levels of total protein, cholesterol, and cholesterol index in the blood. Heritabilities for carcass traits were mostly moderate and ranging from 0.097 to 0.15, while estimates for all meat quality traits were not significantly different from zero. Heritabilities for blood parameters were moderate or high and ranging from 0.118 to 0.680. Common litter effects for carcass traits were mostly moderate and ranging from 0.165 to 0.256. Estimates of 
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 for carcass traits were moderately in favour of V-line rabbits and ranging from 4.7 to 11.5%, while the estimates for meat quality traits were somewhat low and ranged from 1.0 to 6.6% in favour of Saudi rabbits. V line were higher in direct genetic additive effects by 11.01 and 29.3 g for offal and bone weights than the Saudi rabbits, respectively and the estimate for dressing out percentage was lower (-1.3 %). Direct genetic additive effect in V-line was slightly more for moisture content (1.0%) and was less for dry matter content in the lean (2.7%) than in Saudi rabbits. V-line dams showed slight favorable maternal genetic effects for most carcass traits compared to the Saudi dams. Estimates of HI (positive), HM (negative) and RI (positive) were significant for weights of carcass, offal, fat, and bone. The estimates of HI for blood parameters were mostly negative and they were somewhat moderate in magnitude reaching 28.4% for some traits. Losses of RI were significant for most carcass traits and some blood parameters. Neither direct heterosis nor HM, nor RI for meat quality traits was significant.

1.4 Semen characteristics:

A total number of 1497 ejaculates of 442 bucks were evaluated for volume of ejaculate, pH of semen, sperms concentration, percentages of motile sperms, abnormal sperms and dead sperms, and libido score. Saudi Gabali bucks recorded higher motility rate of sperms (70%), sperms concentration (0.607x106) and higher volume of ejaculate (0.6 ml) in addition of lower abnormal sperms (11.6%) than in the other genetic groups. Heritabilities estimated for most semen characteristics were moderate or high and ranging from 0.17 to 0.41. The moderate estimates of direct genetic additive effect for sperm count (17.7%), and dead (21.5%) and abnormal (23.0%) sperms were in favour of Saudi bucks. Estimates of maternal genetic additive effects for semen parameters were mostly in favour of Saudi dams of crossbred bucks. The positive estimates of direct heterosis recorded for volume of ejaculate (11.6%), sperms concentration (10.5 %) and motility of sperms (9.8%) and the negative and moderate estimates recorded for percentage of abnormal (-10.8%) and dead (-23.5%) sperms were favorable for semen parameters of crossbred bucks. The positive estimates of maternal heterosis for volume of ejaculate (14.1%; P<0.05), sperms concentration (11.4%; P<0.05), percentages of motile sperms (17.6%; P<0.05) and libido score of bucks (11.6%; P<0.05) and the negative estimates for percentages of abnormal sperms (-3.8%) and dead sperms (-3.3%) were also favourable and indicate that crossbred dams could produce crossbred bucks characterized by higher volume of ejaculate, higher semen quality with more concentration and motile sperms, along with lesser percentages of abnormal sperms and dead sperms than crossbred bucks produced from purebred dams. Estimates of direct recombination losses for the majority of the semen traits were not significant.
2.  INTRODUCTION AND OBJECTIVES

2.1. Justifications to be considered in the project:

As well known, genetic analysis concerning pre-weaning litter traits and feed consumption and conversion for crossbred rabbits raised in hot climate countries are scarce particularly in the Arabian Gulf areas. Reviewed studies (e.g, Feki et al, 1996; Larzul et al, 2004) reported that feed consumption and conversion traits are useful criteria in selection and/or crossbreeding programmes to improve productivity of doe since these traits are more directly related in these programmes with other litter traits such as litter size at birth or at weaning (Estany et al, 1989; Rochambeau et al, 1998; Gomez et al, 1996; Capra et al, 2000; Garcia et al, 2000a&b), litter size at weaning and individual weight at weaning (Moura et al, 2001), litter size at weaning and individual weight gain (Gomez et al, 2000), and litter weight at weaning (Salaun et al, 2001; Garreau and Rochambeau, 2003; Khalil et al, 2005d). Unfortunately, reviewed studies concerning genetic analysis of post-weaning growth performance, thermo tolerance parameters, carcass traits, meat quality and blood parameters for crossbred rabbits raised in hot climate countries are scarce particularly in the Arabian areas. 

Rabbit meat products, as for other livestock, could be evaluated according to the carcass and meat quality. Carcass quality used to satisfy the economic objectives included some traits such as saleable meat yield, aspect and attractiveness to consumer, while meat quality includes nutritional properties such as appropriate proportions of bioactive compounds, proteins, lipids and sensory characteristics such as tenderness, flavour and colour; healthiness such as fat and saturated fatty acids; the impact of animal production on the environment and food safety (Dalle Zotte, 2000). Genetic improvement strategies could considerably increase the growth capacity of the rabbits (Rochambeau, 1997; Piles et al., 2000). In fact, current selection programmes in most parts of the world are selecting for fast growth rates and to use the terminal sires, with the aim to improve feed efficiency and reduce the rearing time (Sánchez et al., 2004). The use of a crossbred terminal sire is not justified if the crossbreeding parameters of the carcass traits were estimated for the paternal lines (Piles et al., 2004). 
Genetic diversity of rabbit breeds in their heat tolerance offers the opportunity to increase the efficiency of meat production through crossbreeding. Khalil and Afifi (1994) have reviewed numerous studies on breed comparison and evaluation conducted in hot climate countries. Genetic improvement through crossbreeding (among the available breeds) for litter performance and post-weaning growth traits has been extensively used in Europe (e.g. Ouhayoun and Poujardieu, 1979; Masoero, 1982; Masoero et al, 1985; Rochambeau, 1988; Masoero et al., 1992), in USA (Lukefahr et al., 1983a, b, c; Ozimba and Lukefahr, 1991b; Medellin and Lukefahr, 2001) and in Egypt (Emara, 1982; Soliman, 1983; Afifi and Emara, 1990; Youssef, 1992; Afifi et al, 1994; Khalil et al., 1995;  Khalil and Afifi, 2000) where existing breed differences from a heterotic and complementary standpoint are utilized. As such, the potential economic benefits associated with crossbreeding using optimal breed combinations (i.e. determining the best breeds of sires and dams) has not been adequately investigated in the different locations. Moreover, there is conclusive evidence of variation among rabbit breeds and crossbreds for carcass traits and meat composition (Ouhayoun and Poujardieu, 1979; Lukefahr, 1982; Lukefahr et al, 1983d; Masoero et al, 1986 & 1992; Lukefahr and Ozimba, 1991; Ozimba and Lukefahr, 1991a; Youssef, 1992; Afifi et al, 1994).  Performances of rabbit breeds and their crosses for carcass traits have not been extensively investigated in the United States, although commercial crossbreeding items to improve carcass traits showed successful advantage in Europe (Masoero, 1982; Masoero et al, 1986). In Egypt, findings of Sallam and El-Ashmawy (1985), El-Qen (1988), Hassan (1988), Youssef (1992) and Afifi et al (1994) gave an evidence for breed differences in carcass traits and consequently using a crossbreeding programme may be effective to improve such traits in rabbits. 
The breeds are not the same in terms of buck fertility due to the differences in semen quantity and quality. Alvarino et al. (1996) reported that the paternal breeds could affect the conception rates through the differences in semen parameters among breeds. 

Nowadays, synthetic lines are being developed by selection for defined objectives (Maertens, 1992; Gomez et al., 1996; Feki et al., 1996; Medellin and Lukefahr, 2001). These lines, depending on their specialization, perform better than the standard of the original breeds and the current production tends to rely on them. For instance, V-line originated in Spain being selected in places where the climate is closer to a hot climate than to a temperate one and testing this line in hot climate countries could be interesting. Some attempts already done and V-line has proved to be advantageous to standard Californian and New Zealand White for litter size traits and daily gain in Egypt (Yamani, 1994) and Turkey (Akin et al., 1996). Data reported by Testik (1996) and Testik et al. (1999), coming from a non comparative study, also suggest the superiority of V-line over standard Californian, Chinchilla and New Zealand White rabbits.  
Saudi Gabali rabbits raised under the Saudi desert conditions (especially in Qassim area) are characterized by a large litter size of 8-10 young and heavy mature body weight of 3.2-3.8 kg and have the ability to survive and adapt to produce and reproduce under hot environment of Qassim region. Crossbreeding between standard breeds and Gabali rabbits raised under the desert conditions is not widely carried out.  In Spain and Southern parts of Europe, the crossbred females obtained from V-line (Baselga et al., 1984; Estany et al., 1989; Cifre et al., 1998a&b) are diffusing in the meat production farms. To date, publications concerning crossbreeding of Gabali rabbits with standard breeds (e.g. Spanish V-line) in Saudi Arabia are not available.  Effect of direct and maternal heterosis, direct and maternal genetic additive effects and direct and maternal recombination loss from crossbreeding experiments including Gabali rabbits were expecting to be important especially for post-weaning growth performance (Galal and Khalil, 1994; Khalil, 1996; Ali, 1998; Abdel-Aziz, 1998). On the other hand, the Spanish V-line was expecting to exhibit an outstanding maternal ability as related to behavior, fecundity and lactation (Estany et al., 1989; Garcia et al., 2000a&c). There is a scarce literature concerning genetic analysis of productive and reproductive traits in V-line rabbits raised in hot climate conditions. Results of most crossbreeding experiments carried out in Egypt reported that crossing of New Zealand White breed with Gabali or other local breeds were generally associated with considerable heterotic effects on most litter and growth traits (Oudah, 1990; El-Desoki, 1991; Afifi et al, 1994; Khalil et al, 1995; Ali, 1998; Abdel-Aziz, 1998). 
Milk production is one of the most important factors for every breeding doe in the commercial rabbitry. Poor milk producer of does must be culled from the rabbitry. In commercial rabbit farms, the goal is to produce young rabbits to sell them as fryers at 8 to 10 weeks of age. Rabbitry with very heavy milk producers’ does will probably produce fryers at 8 weeks. Nevertheless, if the rabbits are poor milk producers they could take as long as 12 weeks to produce fryers to sell. Uzcategui and Johnston (1990) found that free access to the nest-box and intermittent lighting lead to higher milk production of the does and consequently better growth rate of suckling rabbits. 
The milk components in each species are inheriting to cover the rate of growth of the newborn mammals. Table 1 presents the gross composition of milk of various species and Table 2 shows some results on components of mammal’s milk as related to the rate of growth of the young mammal. The values are self-explanatory; the faster the rate of growth, the more concentrated are the milk components needed for this growth.

Rabbit’s milk yield and components vary in response to a long list of physiological, inherited and environmental factors. One of the most important factors is the breed of rabbit. For this reason, it is important that the yield and components of milk must be considered when selecting rabbits for future breeding. However, there is a paucity of reports on heritability of milk production and components in rabbits.

Table 1: Gross composition of milk of various species (g/100g).

	Species
	Water
	Fat
	Protein
	Lactose
	Ash
	Energy (kcal)

	Human
	87.1
	4.5
	0.9
	7.1
	0.2
	72

	Rabbit
	67.2
	15.3
	13.9
	2.1
	1.8
	202

	Rat
	79.0
	10.3
	8.2
	2.6
	1.3
	137

	Guinea pig
	83.6
	3.9
	8.1
	3.0
	0.8
	80

	Horse
	88.8
	1.9
	2.5
	6.2
	0.5
	52

	Donkey
	88.3
	1.4
	2.0
	7.4
	0.5
	44

	Pig
	81.2
	6.8
	4.8
	5.5
	1.0
	102

	Camel
	86.5
	4.0
	3.6
	5.0
	0.8
	70

	Reindeer
	66.7
	18.0
	10.1
	2.8
	1.5
	214

	Cow
	87.3
	3.9
	3.2
	4.6
	0.7
	66

	Zebu
	86.5
	4.7
	3.2
	4.7
	0.7
	74

	Yak
	82.7
	6.5
	5.8
	4.6
	0.9
	100

	Water buffalo
	82.8
	7.4
	3.8
	4.8
	0.8
	101

	Goat
	86.7
	4.5
	3.2
	4.3
	0.8
	70

	Sheep
	82.0
	7.2
	4.6
	4.8
	0.9
	102


Source: Jenness (1988)

Table 2: Composition of mammal’s milk as related to the rate of growth of the young mammal
	Species
	Days required to double birth weight
	Protein %
	Ash %

	Man
	180
	1.60
	0.20

	Horse
	60
	2.00
	0.40

	Cow
	47
	3.50
	0.70

	Goat
	22
	3.67
	0.77

	Sheep
	15
	4.88
	0.84

	Pig
	14
	5.21
	0.81

	Cat
	9.5
	7.00
	1.02

	Dog
	9
	7.44
	1.33

	Rabbit
	6
	10.38
	2.50


Source: Johnson (1978)

2.2. Objectives of the project: 

A crossbreeding project involving Spanish V-line (V) and Saudi Gabali (S) rabbits was finically supported by King Abdulaziz City for Science and Technology in Saudi Arabia to synthesize new maternal and paternal lines convenient for this hot climate country after five generations of crossbreeding and selection. Through this project, the objectives were:

(1) To estimate direct (
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) and maternal (
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) genetic additive effects, direct heterosis (HI), maternal heterosis (HM) and direct recombination effect (RI) for pre-weaning litter traits, milk yields and components, feed consumption and conversion parameters, post-weaning growth traits, thermo tolerance parameters, carcass traits, meat quality, blood parameters and semen characteristics. 
(2) To compare the genetic components obtaind from this project with those estimates of crossbreeding effects for rabbits crossed in Europe and USA.

(3) To distribute the does of the synthesized lines characterized by high milking ability for the producers in Saudi Arabia and particualy in Al-Qassim region.

 (4) To examine and evaluate the semen of crossbred bucks of synthesized lines to be distributed for the producers in Saudi Arabia and other hot climate countries.
3. REVIEW OF LITERATURE

3.1. Concepts of economic traits in rabbits:

3.1.1 Litter traits

The ability of doe to produce thrifty young at birth, referred to as prolificacy, and to raise these young rabbits to weaning, referred to as maternal or nursing ability, are the main characters determining her productivity (Khalil et al., 1987a; Khalil et al., 2005a). Litter size and weight at weaning are usually regarded as the best estimates of number and weight of progeny produced by the doe since they are a function of all pre-weaning effects. Therefore, the larger the number of bunnies the doe kindles and weans, the greater the crop of litters would be. Several investigators have reported on litter inheritance in rabbits and indicated that litter traits at birth and weaning are influenced by many different non-genetic factors, e. g. season of kindling, parity, permanent environment, ……. etc.

3.1.2. Milk production
            Some studies on milk production of does have been published during 1960’s. Results of these studies were summarized by Lebas (1975). Milk yield of does may be affected by breed of doe, remating interval, parity, day of lactation, litter size, feed composition and environmental conditions (McNitt and Lukefaher, 1990). Szendro (1977) reported that milk yield could be reached 254.3 to 442.3 g for Californian White, Burgdundy fawn and New Zealand White females at 21 day of  lactation. Total milk yield averaged 3488, 3823 and 3454 for Californian White, Burgdundy fawn and New Zealand White rabbits, respectively (Holdas and Szendro, 1982). Lahari and Mahahan (1984) found that daily milk yield for Woolly Russion Angora, New Zealand White, Grey Giant, White Giant and Soviet Chinchilla were 0.147,0.166, 0.183, 0.134 and 0.139 Kg, respectively, and they did not reported any significant differences in milk yield between the different breeds. McNitt and Lukefaher (1990) with Californian, New Zealand White, Palomino and White Stain found that the average milk yield tended to differ (P < 0.01) between breeds, the highest daily milk intake was in California rabbits (152.2 ± 3.29 g) and the lowest rate was in white satin (115.2  ± 2.79 g). 

         Maertens and Groote (1990) and Pascual et al. (1996) reported that hot environmental temperature decreased (P < 0.001) feed intake and milk yield of does, while large litter size increased these traits (P < 0.001).  Literature dealing with the effect of fat addition on the milk yield of does lead to consensus. Dietary fat inclusion results in a significant increase in milk yield of does (5 to 24%). It is appropriated to emphasize that primiparous and multiparous does did not show differences in their milk yield (Fernandez-Carmona et al., 2000). Inclusion of moderate quantities of fat in the diet does not seem to affect the milk fat content (Farga et al., 1989; De Blas et al., 1995; Xiccato et al., 1995). However, the use of high-fat diets increases significantly the milk fat content, especially at the beginning of lactation (Christ et al., 1996; Pascual et al., 1999). Lebas et al. (1996) and Pascual et al. (1999) found a decrease in milk protein content of does given fat-added diet. Other authors (Fraga et al., 1989; De Blas et al., 1995; Xiccato et al., 1995) did not find any significant effect, although most of them showed lower values for fat-added diets. Maertens and Groote (1990) and Pascual et al. (1996) also observed that the inclusion of fat at high concentrations did not affect milk yield, but increased (P < 0.05) the milk fat content at 7 and 28 days of lactation. 

           Maertens and Groote (1990) and Szendro et al. (1999) observed that heat stress reduced daily milk yield of New Zealand White rabbits. Khalil (1994) reported that milk yield of Giza White does, in Egypt, was affected also by season of kindling. De Blas et al. (1995) reported that diet had quadratic effects on milk production and milk lactose content of New Zealand x Californian  rabbit does. 

       A sharp increase of milk production was observed from the 1st to the 3rd week of lactation for different breeds of does (Ayyat et al, 1995; Khalil, 1994; Alabisio et al., 1996; Pascual et al., 1996; Berchiche et al., 2000; Khalil et al, 2004; Khalil et al, 2005a). It is well known that sharp milk production increase is favourable to kits survival (Lebas, 1976).

3.1.3. Post-weaning growth and feeding efficiency:

         Traits related with post-weaning growth such as body weights, daily gains, feed conversion index, carcass performance and meat composition of carcass are important in meat rabbit production because of their relationship with the viability of the young or the efficiency of the production itself. Many researchers dealt with post-weaning growth in rabbits and their results indicated that growth traits of rabbits after weaning are influenced by many non-genetic factors such as parity, litter size at birth, month of birth, common litter effect, ….etc.

Feed consumption varied according to different factors i.e., palatability of the diet, energy level, and environmental temperature, physical form of the diet, particle size of the feed and breed of rabbits. The total feed requirements needed to produce fryer rabbits are dependent to a considerable extent on the composition of the diet. The higher the energy content of the feed, the less feed that is required per unit of weight gain. Thus, it is possible to observe considerable differences in the level of feed intake. Under the same commercial diet, the differences that might be observed will be due mainly to the breed differences as well as the litter size and their growth rate. New Zealand White doe and its litter is reported to consume on the average 100 pounds of feed from breeding to weaning (NRC, 1977). Weanling rabbits will consume about 140g of feed per day, depending on their size. Shockey (1998) stated that growing rabbits would consume about 3 pounds of feed for every pound of gain. It will take 3.5-4 units of feed for doe and litter per unit of gain of the litter. According to NRC (1977), growing rabbits eat about 3 kg of feed for every kg of gain. It usually takes 3.5-4 kg of feed for a doe and litter per kg of gain of the whole litter. However, De Blas et al. (1981) and Medellin and Lukefahr (2001) stated that increase in feed intake would lead to an increase in growth rate and weaning weight of rabbits. 

          Feed intake of lactating rabbit doe is an important criterion for judging the productive performance (Khalil et al, 2005a). In two consecutive American studies, Lukefahr et al., (1983a and b) reported that straight-bred NN (NZW × NZW) does were more efficient in converting feed into milk than the straight-bred CC (California × California). Differences between crossbred doe groups were observed for feed intake.  They also reported that doe feed intake and efficiency were highly correlated of 0.63 and 0.81with milk production, respectively. Another work by Lukefahr et al. (1983c) who evaluated the effect of three sire breed groups and the dam genetic groups on feeding efficiency and their results could be summarized as: (1) Litter feed efficiency (gain/feed intake) was improved in litters sired by Flemish Giant (FG) vs. NN or CC (California x California) bucks, and. (2) Significant maternal heterosis was found for litter feed intake and efficiency (feed intake was increased and feed efficiency was poorer) in favor of litter from straightbred dams. 

          Lukefahr et al. (1983c) using three sire breeds (New Zealand White, Californian and Flemish) and two purebred dam groups (New Zealand and Californian) stated that feed intake of progeny during post-weaning growth was significantly low and in favour in purebred New Zealand-sire rabbits (NZW x NZW). In comparison of three different genotypes of NZW, Grimaud and Provisal raised in Italy, Chiericato et al (1996b) concluded that daily feed intake and feed efficiency of growing rabbits from weaning to slaughter were nearly similar. Pascual et al. (1999) reported that crossbred doe (New Zealand × Californian) with 8 pups had significantly lower DM intakes, litter growth rates and milk production levels than doe with 11 pups. A series of earlier studies (Cervera et al., 1993; Xiccato et al., 1995) reported similar results. In crossbreeding of New Zealand White with Altex rabbits in USA, Medellin and Lukefahr (2001) found that Altex-sired rabbits showed higher feed intakes at 28 and 70 days of age compared to the New Zealand-sired rabbits.

3.1.4 Carcass traits:
          Rabbit meat has a very good nutritive value, being comparatively high in protein, low in fat, low in calories and low in sodium contents.

          Differences among breeds in percentage of the carcass in cuts from the forequarter, loin and hindquarter regions have been reported earlier by Rouvier (1970), Heckmann et al., (1971) and Bednarz and Frindt, (1975). Also, the use of large terminal-sire breeds of rabbits increases post-weaning weight gains and hence, slaughter weights of progeny (Kawinska et al., 1969; Heckmann et al., 1971; Ouhayoun and Rouvier, 1973; Ouhayoun, 1980; Lukefahr et al., 1982; Masoero et al., 1992).  Carcass data on 137 rabbits representing nine genetic groups [sire breeds were Californian (C), New Zealand White (N) and Flemish Giant (F), while dam genetic groups were C and N straightbred and C × N reciprocal hybrid dams] were analyzed by Lukefahr et al. (1983d) to determine the effects of medium and large sire breeds and of straightbred and hybrid dams on carcass and lean yield characteristics. Results of this experiment could be summarized as: (1) age of rabbit at slaughter influenced (P<0.05) nearly all carcass traits, (2) progeny from C sires or dams had lighter carcass weights, higher dressing percentages and a smaller hindquarter proportion than progeny from N sires or dams, (3) percentages of bone in forequarter, loin and hindquarter cuts were consistently lower, meat to bone ratio was higher, but cooking losses were greater in rabbits from C vs. N sires or dams, (4) progeny from F sires had heavier (P<0.01) pre-slaughter and carcass weights, tended to deposit less abdominal fat, had a smaller giblets percentage and had a larger hindquarter proportion, compared with the average of progeny of C and N sires, (5) percentages of bone in forequarter and hindquarter cuts were greater (P<0.01), while percentage of bone in the loin cut did not differ between F vs. combined C and N sire progeny groups, (6) meat to bone ratio was less and cooking loss percentage was lower in F- vs. the average of C- and N- sired progeny, and (7) no sire breed differences were observed for total meat percentage. 

Characterization of domestic meat rabbit breeds through detailed carcass investigation is necessary to ascertain suitable breeds or breed combinations to be produced and marketed in commercial operations (Khalil et al, 2005c). Meat quality of rabbits of different genotypes reared in different environmental conditions was studied by Chiericato et al (1996a). They utilized 85 day-old rabbits of different breeds i.e., NZW, Grimaud (G) and Provisal (P) raised in different temperatures. Results of this experiment showed that neither genotype nor experimental temperature influenced the meat’s water, protein and lipid contents; cholesterol, sodium and potassium levels were also not affected. In another study by Chiericato et al., (1996b) stated that fore part, intermediate part and hind part percentages of the reference carcasses did not differ in the three genetic groups mentioned above.

3.1.5 Semen characteristics:

         Intensive meat rabbit production is based on a three-way crossbreeding scheme in which, the sire used for the terminal cross is a male from a sire line commonly selected for growth rate or weight at a given age. The broad distribution of semen from terminal sires at the lowest possible cost supposes an increase in profitability of AI centers and wider diffusion of genetic progress for important traits in the whole population. To achieve these goals, males should be able to produce large number of doses with good fertility. Semen production and quality depends on a great variety of genetic factors and some management and environmental factors like age, season of collection, number of ejaculates collected and interval between collections (Alvariño, 2000). Concerning genetic factors, Vicente et al. (2000), and Theau-Clement et al (2003) found differences between rabbit lines in seminal characteristics but only Brun et al (2002) have estimated heterosis effects reporting significant and eminent values for concentration, mass motility and percentage of motile sperm per ejaculate. Results on semen production and quality of crossbred males from sire lines, could lead to a change in meat production scheme with the use of crossbred males instead of purebred males in the terminal cross. 

Undoubtedly male rabbits are the basis of the reproductive success, but they have not received the attention they should have, mainly if we consider that one single male is affecting the fertility and prolificacy of about one hundred females especially when artificial insemination (AI) is performed as a routine in rabbit farms (Alvarino, 2000). Many factors are influencing the production and quality of semen such as the buck (Castellini, 1996), the genetic origin of bucks (growth lines have worse seminal qualities than maternal lines; Egea et al., 1992), the season (poor quality of semen in summer; Amin et al., 1987), the photo period (16L : 8D; Theau-Clement et al., 1995) and the frequency of ejaculate (Bencheijh, 1993). 


Alvrineo (2000) reported some items of semen characteristics and composition such as: (1) The ejaculated semen in rabbits comprises the spermatozoa suspended in the seminal plasma, (2) Seminal plasma contains a number of substances secreted by epididymis and accessory sex glands, (3) Seminal plasma contains high concentrations of fructose, citric acid, inositol, glycerol, ergothioniene, glutamic acid, certain enzymes, proteins, electrolytes and small liquid droplets, (4) The volume of semen varies between 0.3 and 6.0 ml depending on secretion of accessory sex glands (gel fraction), (5) Sperm concentration range from 50 to 500 x 106/ml, and (6) The pH measured just after semen collection ranges between 6.8 – 8.4 and is a good index to estimate semen quality. 

          Several parameters, such as the volume of the semen and gel fraction, sperm motility, sperm concentration, morphological alterations, or fructose concentration show high variations among the different breeds (Dubiel et al., 1985; El-Ezz et al., 1985). Such differences should be relatively considered because of the high individual variability observed in each breed (Table 1).  The volume of semen, sperm concentrations, as well as the fertility and litter size at birth are influenced by the age of the bucks. Globally, these parameters could be increased over time and higher values are observed in bucks of 5 month to 24 months versus older bucks (Miros and Mikhno, 1982). Luzi et al. (1996) and Minelli et al. (1999) also reported a significant effect of the age on sperm concentration, libido, sperm volume, motility and pH.

      Spermatogenesis in rabbits shows seasonal variations related chiefly to photoperiod and temperature (Alvarineo, 2000). Several studies found bucks with testes exhibiting active spermatogenesis during every month of the year with a peak of fecundity occurring during April, May and June (Boyd and Myhill, 1987). Changes in the scrotal testis length provide a good indicator of the reproductive status of the buck (Boyd, 1985). This parameter may be influenced by changes in photoperiod (Boyd, 1985&1986). GnRH release is influenced by the photoperiod with a higher level of GnRH release in the evening than in the afternoon hours (Lin and Ramirez, 1988). Seasonal variations in GnRH release occurred even in bucks maintained in a fixed 12L: 12D photoperiod (Lin and Ramirez, 1991). There were seasonal changes in the secretion of GnRH pulses with the lowest values occurring just before the winter solstice. The frequency of GnRH pulses increased after the winter solstice, and GnRH release increased during and within one month after the summer solstice (Lin and Ramirez, 1991). The highest weight of testis could be recorded during August, while the lowest weight may be recorded during winter.

         Strong seasonal breeding patterns are not observed in the domestic bucks, while the highest sperm volume and concentrations were found from March to June and the lowest at the beginning of the autumn. These parameters are also influenced by local climate (Dubiel et al., 1985; Yan et al., 1985). Changes in the pH of semen and morphological alterations of the sperm increase during the summer (Amin et al., 1987). Temperatures higher than 27 (C can affect fertility due to the increase in semen pH values and morphological alterations, as well as a decrease in sperm motility and libido (Brockhausen et al., 1979; Bagliacci et al., 1987).

Lopez et al. (1996) reported improvement of semen production when bucks were grouped together three hours before semen collection. This technique revealed to be a simple and effective method to enhance the volume of ejaculates and sperm motility. This grouping of bucks enhances sexual behaviour and probably stimulates the secretion of accessory sex glands which contribute in the volume of the ejaculates. Previously, a relationship was observed between activation of sexual behaviour and a higher volume of ejaculates (Holtz and Foote, 1978). The sperm motility may be enhanced by a modification in the seminal fluid composition. Similarly, higher numbers of live spermatozoa were found in male rabbits stimulated before semen collection (Holtz and Foote, 1978). Since sperm production is highly variable between bucks, as well as, between successive ejaculates from the same buck, the frequency of ejaculation revealed to have a great effect on the quality of semen, the reproductive performance of the buck and buck-doe rate in the farm (Lopez et al., 1996; Bunaciu et al., 1996; Bodnark et al., 1996; Alvarineo, 2000). The sperm volume, sperm concentration and number of seminal doses decreased from the 2nd ejaculate when four ejaculates were taken in the same day, but were not affected when semen collection was separated (2 + 2) in two consecutive days (Lopez et al., 1996). 

Intense mating rhythm causes spermatogenesis alterations with a high proportion of immature spermatozoa and low fertility results (Alvarineo, 2000). Good sperm parameters and fertility rates were obtained after three times of mating frequency/week and one rest day after double mating (Bunaciu et al., 1996: Bodnark et al., 1996).

3.2 Genetic variability between breeds in heritabilities and correlations:


In our Arabian area, estimates of genetic additive genetic variance for litter traits and post-weaning growth are quite variable between breeds (Khalil et al., 1986: El-Maghawry, 1990&1993; Afifi et al., 1992&1994; Khalil et al., 1993; Khalil et al., 2000; Khalil et al., 2005a). The estimates for local breeds in Egypt for instance (i.e. Giza White) were greater than those of exotic ones raised under the Egyptian conditions (e.g. Bouscat, New Zealand White, Californian). Thus, local breeds have considerable an genetic additive genetic variance. In this respect, Khalil et al. (1987a), Khalil and Afifi (1991) and Khalil et al. (2005a) confirmed this concept and they attributed these results due to the fact that intensive selection was practiced in exotic breeds while local ones were not subjected to such selection. Therefore, high variability in local breeds shows that improving of these local breeds through selection is quit possible.

Despite of its importance on the reproductive success and therefore, on profitability and efficiency of production of farms, the information in the literature about heritabilities for fertility traits is scarce. Piles et al. (2004) considered fertility, defined as success or failure to natural mating, as a binary trait of the male and of the female. The authors showed that heritability of male fertility was negligible and that heritability of female fertility was low (0.6%). Genetic correlation between both traits was found to be high and positive (0.73) in one of the lines, which suggests that the genetic control of both traits could be partly the same, but this result should be confirmed given the low values of heritabilities. It seems that reproductive performance could be improved by including female fertility in a selection program but response to selection would be probably very low. Concerning litter size at different ages (birth, weaning or slaughter age), Blasco (1996) reported that estimates of the heritability confirm the known low values, generally lower than a 15% of the phenotypic variation and, that the ratio between the variance of genetic non-additive plus permanent environmental effects and the phenotypic variance is between 10 and 20% (Gomez et al, 1996; Lukefahr and Hamilton, 2000; Rochambeau, 1998; Argente et al., 2003a; Garreau et al., 2000; Rastogi et al., 2000, Garcia and Baselga, 2002 a,b). Genetic correlations between total litter size at birth and number of young rabbits born alive are close to 1 (Garcia and Baselga, 2002 a,b) and genetic correlations between litter size at birth and number of rabbits weaned and between litter size at birth and number of rabbits at slaughter age are also high (0.6-0.8) and positive (garcia and Baselga, 2002 a,b). 

The estimates of genetic correlation between prolificacy traits and growth traits are still limited. Despite some contradictory results given in the nineties, the most recent studies show low and, in general, positive values of these correlations (Gomez et al. 1998; Garreau et al., 2000; Garcia and Baselga, 2002 c). Garcia and Baselga (2002c) did not find correlated responses on growth traits in a line selected for litter size at weaning when two distant generations were compared using litter size at birth as a covariate. 


  Estimates of available literature of variance components or heritabilities for pre-weaning litter traits and post-weaning growth traits in rabbits in different breeds were low or somewhat moderate. Sire models or animal models were used by different studies in Egypt to obtain these estimates (e.g. Khalil et al., 1987a&b&c; El-Maghawry, 1990, 1993; Khalil and Khalil, 1991; Khalil et al., 1993; Khalil et al., 2000). Unfortunately, little available literature was reported on variance components or heritabilities of milk production, feed consumption, carcass traits, semen characteristics and meat composition of carcass.
Reviewed estimates of heritabilities using Henderson’s method and REML for different litter traits and post-weaning growth in rabbits revealed the inconsistent trend of estimates in the same breed. This may be due to differences in: (1) genetic constitution of the breeds and intensity of selection if any,  (2) the level of inbreeding coefficient or presence of relationships in the parent population (i.e. related dams, related sires, or sires related to dams), (3) the available number of records used in estimation (or data structure), and (4) methods of estimations of variance components and models of analysis applied to data. Baselga et al. (1992) in rabbits suggested that REML should be used to estimate variance components in populations undergoing selection.

Reviewed estimates of heritabilities for litter traits and post-weaning growth of different breeds differs widely in magnitude. This variation is due to that these estimates were made using widely varying breeds under varying environmental conditions. In this respect, estimates of the Egyptian studies (e.g. Khalil et al., 1987a&b&c; El-Maghawry, 1990; Afifi et al., 1992; Khalil et al., 1993; Khalil et al., 2000) indicated that sire heritabilities for litter traits reported in local breed (e. g., Giza White) were higher than those reported in exotic breeds (e. g., New Zealand White, Californian and Bouscat). This may be due to an increase in the sire variance component in local breeds than those in exotic one. Moreover, it may be due to that local breeds were not subjected to any intensive program of selection. In practice, these high or moderate heritability estimates in local breeds motivate the Egyptian rabbit breeders to improve these traits through selection. 

The relationships among dams and/or between dams and sires (as commonly happens) will reduce biasness in the estimates of heritability. In this situation, using nested design to obtain heritabilities should change the estimates (Gill, 1991). Lawlor (1984) reported that heritabilities estimated by REML procedure and sire model relatively increased when relationships among sires were utilized. With REML in animal model, Dong (1987) suggested that heritability estimates would be larger if more relationships were considered. Dong et al. (1988) found that estimates of heritability when using REML with an animal model (if relationships among sires were considered only) were considerably smaller as compared with model including complete relationship. Searle (1989) reported that a mixed model based on Restricted Maximum Likelihood (REML) would be useful.

The estimates of heritability from sire model or dam model show that selection for litter traits based on adjusted field data, may not be useful to improve these traits. Within the breed, most of the literature showed that estimates of heritability for litter traits from dam model were upward biased by large maternal influence (maternal additive, covariance between direct and maternal additive, maternal dominance and maternal environmental variances) than the sire model estimates which are not including these variances. Several authors have reported difficulties with estimation of heritability, stemming from bias due to maternal effects (Kadry and Afifi, 1984) and possibily to dominance effects, sometimes coupled with large sampling errors (Randi and Scossiroli, 1980; Khalil et al., 1987a; Panella et al., 1992). Bento et al. (1993) reported generally that every time a parameter is added to the mixed model analyses, then the model would be the best model to explain the variation of the data. They compared four models in swine (i.e. model 1: including only the additive genetic variance of the animal (o); model 2: including additive genetic variance (o) and permanent environmental effect; model 3: including additive genetic variance (o) and maternal genetic value (m), assuming to be uncorrelated and permanent effect and model 4: including additive genetic variance (o) and maternal genetic value (m) assuming to be correlated and permanent effect). They reported that direct heritability decreased from model 1 to model 4 for number born alive, litter weight, average daily gain and back fat thickness, while the maternal heritability increased from model 3 to model 4 for the same traits.

Comparing estimates of heritability using Henderson 3 method (Randi and Scossiroli, 1980; Khalil et al., 1987a&c; Afifi et al., 1992; Farghaly and El-Darawary, 1994; Farghaly et al., 1994) with those estimated from REML (Blasco et al., 1982; Baselga et al., 1992; Ferraz et al., 1991&1992; Hassan, 1995; Khalil et al., 2000), it is clear that estimates of REML method are somewhat lower than those estimated by Henderson method. Cameron (1988) reported that the standard error for heritability estimates is an obvious criterion for comparing the precision of methods of estimation of variance components. The same author added that the standard errors for heritability estimates were larger in Henderson method than in REML method. With an experimental data, Raheja (1992) reported that the standard error for heritability estimate is an obvious criterion for comparing the precision of the estimation procedure. Chauhan (1991) reported that because of its desirable properties, the REML estimator was considered to be more accurate than that of Henderson method. The same author concluded that the large differences in the values of h2 from two methods alarms that an inappropriate value of heritability may result in an incorrect prediction of breeding values of sires and the response to selection. Misztal (1990) stated that the accuracy of estimates of variance components is dependent on the choice of method and model fit for the data. It is generally regarded that the best variance component estimates would come from a large data set, using a REML procedure and a full animal model. Xu et al., (1994) found that the estimates of error variance estimated by REML were lower than those estimated by Henderson method, while the reverse trend was observed for sire variances.

Heritabilities of some investigators (e.g., Blasco et al., 1982; El-Maghawry, 1990) indicated that hierarchical analysis of litter traits in rabbits have resulted in numerous small negative estimates of heritability. Bias and/or sampling errors were responsible for those estimates. Bias may be mainly due to maternal and dominance effects while sampling errors were due to the small number of sires and dams used in the analysis (Khalil et al., 1986). The unequal does per dam per sire may also affect this variability in heritability estimates. Small or negative value of most heritability estimates of litter traits and large standard errors of the positive estimates of some traits can be attributed to small number of progeny per sire (Lahiri and Mahajan, 1982; El-Maghawry, 1990), non-randomness in the distribution of daughters within sire groups (Panella et al., 1992), sampling error (Khalil et al., 1986) and large maternal effect (Randi and Scossiroli, 1980; Hassan, 1995).

3.3 Crossbreeding concepts in synthesizing new lines of rabbits

Intensive meat production in rabbits is based on a three-way crossbreeding scheme. A first cross involves two maternal lines to be used to produce crossbred does. A second cross consists of mating males of a third line, commonly selected for growth rate or weight at a given age, with the crossbred does to produce the rabbits to be slaughtered for meat. 

The aim of the cross between the maternal lines is to take advantage of the expected positive heterosis in reproductive traits, the eventual complementarity among the lines and the dissipation of the inbreeding accumulated within the lines. Because the usual methods of improving the lines are based on within-line selection, it is expected that the initial heterosis expressed in the cross will be maintained across the generations of selection and consequently the genetic progress obtained from selecting the maternal lines will be capitalised to reach the top of heterosis expressed in the crossbred does. In France, since the seventies, the INRA (SAGA, Toulouse) has been selecting two maternal lines for litter size traits. These lines, named A2066 and A1077, were crossed to obtain the crossbred doe 1067. 

3.3.1 Buck-breed and doe-breed effects and breeds comparisons:
        Sire-breed (buck-breed) effect plays an important role in the inheritance of these traits through its contribution of direct additive genetic effect, while dam-breed (doe-breed) effect plays a role in variation of these traits through its contribution of additive maternal and non-additive maternal effects. Significant sire-breed x dam-breed interaction has a meaningful role in the existence of non-additive breed effects in rabbits (i.e. presence of heterotic effects), which could be exploited in the production of heavy commercial broilers characterized with good quality carcass. In practice, some breeds performed the best as sire-breeds through the transmitting of outstanding genes for their progeny, while other breeds performed the best as dam-breeds based upon their superiority in maternal abilities. Therefore, it is necessary to point out the effects of sire-breed, dam-breed and sire-breed x dam-breed interaction on performance of crossbred rabbits. 

For pre-weaning litter performance, reviewed results of effects of buck-breed and doe-breed on litter traits (e.g. Ponce De Leon, 1978; Lukefahr et al, 1989; Masoero et al, 1986) reported a significant effect for buck-breed on litter traits at different ages (through direct additive genetic effect), while other investigators reported non-significant effects. Youssef (1992) found that differences due to buck-breed for litter size and weight traits along with reproductive intervals were limited and non-significant, i.e. little contribution of direct genetic additive effects in the inheritance of such traits was observed. Considering doe-breed, Masoero et al (1986) and Youssef (1992) reported generally a significant effect for doe-breed (through genetic additive and non-additive maternal effects) on litter performance along with reproductive intervals of doe rabbits.
       For post-weaning growth, an evidence for the significant sire-breed effect was obtained by Masoero et al. (1985) with New Zealand White, Californian, Burgandi Fawn, Flemish Giant, Argenta de Champagne and Blue Veina. Afifi et al (1994) with New Zealand White, Baladi Red and their crosses concluded that sire-breed effects were of considerable importance for post-weaning growth, while dam-breed effect was not significant.
         For carcass performance, El-Qen (1988) in Egypt with Bouscat, Flander and their crosses showed that there were slight differences in carcass traits between the two breeds, i.e. either of the two breeds may be used as a sire- or a dam-breed under the Egyptian conditions.  Afifi et al (1994) with New Zealand White and Baladi Red rabbits and their crosses indicated that sire-breed effects were of considerable importance in the variation of carcass traits. In Europe, some investigators (Niedzwiadek and Kawinska, 1982; Brun and Ouhayoun, 1989) reported slight differences in carcass performance between New Zealand White and Californian rabbits in terms of sire-breed and dam-breed.
3.3.2 Breeds comparison for productive performance of rabbits in hot climate countries:
         Numerous studies on breed comparison and evaluation conducted in Egypt have been reviewed by Khalil and Afifi (1994). In terms of litter size traits, Afifi et al. (1976b) with Bouscat, Chinchilla, Giza White and their crosses observed that Giza White does produced purebred and crossbred litters with larger size at birth than did both Bouscat and Chinchilla does. This may be due to that Giza White ranked first in prenatal maternal ability when compared with Bouscat and Chinchilla does. Afifi and Khalil (1989) using Giza White, Grey Giant Flander and their crosses found that Giza White bucks when mated to Grey Giant Flander does produced litters with larger sizes than when mated to Giza White does. This may refer to the importance of the breed of doe in crossbreeding programmes and to the lower performance of Giza White does (for prenatal maternal ability) when compared to Grey Giant Flander does. This lower maternal ability may have masked the effect of crossbreeding on Grey Giant Flander x Giza White litters. Results of Afifi and Emara (1987) with Bouscat, Giza White, White Flander, Baladi Red and their possible combinations, showed that Baladi Red as dams or as sires or both were the best performing crossbred groups for litter size at birth and at weaning (8.4 and 5.8 young, respectively). These groups excelled significantly their two parental breeds for litter size at birth.  With Bouscat and Baladi White rabbits, Tag El-Din (1979) found that each of the two crossbred combinations produced (Bouscat x Baladi White and Baladi White x Bouscat) surpassed their parental breeds for litter size at birth and at weaning except Baladi White x Bouscat at weaning which showed intermediate performance between its parental breeds. Oudah (1990) using New Zealand White, Californian, Baladi and some of their crosses and Youssef (1992) with New Zealand White, Baladi Red and their crosses, found that the best crossbred combination for litter size at birth and weaning was that resulting from mating Baladi bucks to New Zealand White does.
        Referring to traits of weight and gain in litter, Afifi et al. (1976b) with purebred and crossbred litters produced by Bouscat, Chinchilla and Giza White does indicate the superiority of Giza White does for litter weight at birth while Bouscat does was superior in litter weight at weaning, i.e. Giza White does was superior in pre-natal maternal abilities while Bouscat does are superior in post-natal maternal abilities (Afifi and Khalil, 1991). They referred to the importance of breed of doe than the breed of buck in influencing litter weight and mean bunny weight per litter at birth and weaning of the crossbred combinations. Afifi and Khalil (1989) found that litters resulting from mating Giza White bucks to Grey Giant Flander does were heavier than those of either of the parental breeds at birth and at weaning while litters of the reciprocal crossbred combination (Grey Giant Flander x Giza White) showed intermediate performance between its parental breeds. These results may suggest that Grey Giant Flander does have better prenatal maternal abilities than Giza White ones while Giza White does have better postnatal maternal abilities (i.e. more ability to produce milk and to suckle and care their young more efficiently) than those of Grey Giant Flander does. Findings of Emara (1982) indicated that most of the crossbred combinations had heavier litters than their parental purebred groups. They concluded that crossbreeding among Bousca, Giza White, White Flander and Baladi Red rabbits was generally associated with an increase in litter weight at birth and at weaning. Youssef (1992) found that does of New Zealand White were the best performing as a doe-breed compared to Baladi Red (BR) rabbits while performances of BR bucks are nearly similar to New Zealand White bucks, i.e. using of New Zealand White rabbits as doe-breed gives an advantage in litter performance in terms of larger litter size, heavier litter weight and gain along with lower mortality rate. This superiority of New Zealand White does is attributed to favourable maternal abilities, presumably due to increased milk production levels compared to BR does. Comprehensive breed evaluation and crossbreeding studies conducted in other hot climate countries have been reported by Ponce De Leon   (1978), Campos   et al. (1980) and Carregal (1980) in Cuba, Mexico and Brazil, respectively. Closely parallel to European report findings, Californian buck x New Zealand White doe matings produce high-performance for total number born and weaned per litter and litter weight at weaning. This observation may be attributed to both individual heterosis and to favorable breed influences derived from purebred New Zealand White does, presumably due to increased milk production levels compared to purebred Californian does.

          In terms of post-weaning growth, Tag El-Din (1979) and Dora (1979) found that the average weights of Baladi White x Bouscat crossbreds (from 30 to 105 days of age) excelled generally those of Bouscat x Baladi White crossbred rabbits. Emara (1982) for Bouscat, Giza White, White Flander and Baladi Red rabbits and their crosses gave evidence that body weights and gains of crossbred rabbits mothered by Bouscat dams showed heavier weights and gains than other crossbred rabbits obtained. Sallam and Hafez (1984) showed that two-way crossbred rabbits resulting from mating either Bouscat or Chinchilla bucks to Baladi Red does (Bouscat x Baladi Red or Chinchilla x Baladi Red) excel Baladi Red ones. El-Qen (1988) showed that body weight of Bouscat x Flander crossbred excelled that of Bouscat, Flander or Flander x Bouscat rabbits at 4, 8 and 12 weeks of age. Findings of Oudah (1990), El-Desoki (1991) and Afifi et al. (1994) on body weight at 4, 6 and 10 weeks of age indicated that all crossbreds mothered by New Zealand White or Californian dams showed heavier weights while those mothered by Baladi dams showed lower weights.
3.3.3 Breeds comparison for productive performance of rabbits in cold climate countries
          Rouvier and Brun (1990) in France, presented information on doe and buck breed evaluation for pre-weaning litter traits. Using New Zealand White as a control breed, litter size at birth and at weaning of New Zealand White bucks yielded the lowest performances while litter weight and average kit weight at weaning were most similar to other breeds under comparison (Burgandy Fawn, Champagne de Argent, Bouscat, Californian and Small Russian). On the other hand, New Zealand White does were consistently superior to other doe breeds for the same traits, reflecting desirable additive maternal genetic breed effect. Therefore, these European studies indicate that Champagne d'Argent and Burgandy Fawn bucks crossed with New Zealand White does recorded the highest performances in pre-weaning litter traits.  The reports for breed evaluation in cold states of USA, although limited in number (Lukefahr et al, 1983a&b&c; Ozimba and Lukefahr, 1991a&b) are consistent with conclusive studies published in the European rabbit literature. In USA commercial meat production, the traditional choice of the purebred New Zealand White breed does not appear to be the most economically productive genetic source available in contrast to the more favorable breed combinations (i.e. hybrid stock), as confirmed experimentally (Lukefahr, 1982). Doe-breed contrasts reported by Lukefahr et al (1983a&b&c) showed significant contrasts in favour of Californian does than New Zealand White.
         An American study by Lukefahr et al. (1982) and Lukefahr et al. (1983c) reported that New Zealand White-sired progeny were inferior to Californian- and Flemish Giant-sired progeny for all growth traits of this study. Although purebred differences in post-weaning growth were not significant, the terminal crossbreds were more productive and consequently using New Zealand White breed in terminal crossbreeding in the rabbit industry is recommended.
3.4 Crossbreeding effects in experiments for synthesizing new lines of rabbits:

3.4.1 Direct genetic additive effect:   
          According to Rouvier and Brun (1990) and Dickerson (1992), direct effects reflect one-half of the differences in direct effects between any two-breed groups. Pre-weaning litter traits and post-weaning growth traits in rabbits along with carcass performance are chiefly governed by additive breed effects as opposed to other genetic breed effects (Lukefahr, 1988; Afifi and Khalil, 1991; Youssef, 1992; Khalil et al., 1995; Khalil and Afifi, 2000).

Garreau and Rochambeau (2003) have estimated the genetic parameters of direct and maternal genetic effect of individual weight at weaning and at 63 days in the maternal line A1077 selected at INRA. The unfavourable genetic trend obtained in this study for maternal effects, estimated by the REML/ BLUP methodology, is partly explained by the negative correlation between direct and maternal effect for both weaning and 63 days weights (-0.30 and -0.48, respectively). These estimates are consistent with the results obtained in a male line (Larzul et al., 2003a) and in the Botucatu line using a model without any common litter effect (Moura et al., 2001). 

3.4.1.1 Direct effects cited in studies of hot climate countries:
         In Egypt, the New Zealand White sires generally produced litters with larger size and heavier weight along with heavier mean bunny weight at birth and at 21 days of age than did the Baladi Red (BR) sires (Khalil et al., 1995), i.e. New Zealand White-sired litters had higher direct sire values than BR-sired litters did. The observed direct paternity effects on litter traits during the first 21 days of lactation lead to indicate that New Zealand White breed could be used as a terminal sire breed. At weaning, BR-sired litters had higher values than the New Zealand White-sired litters. In terms of kindling interval, the same authors found that BR-sired litters was associated with shorter lengths in this period compared to New Zealand White-sired litters, although the differences were not significant.  Higher direct effects for lactation ability of New Zealand White rabbits (which had strong negative association with the reproductive efficiency) may be responsible for such longer kindling interval in New Zealand White does.
          El-Desoki (1991) in Egypt reported that New Zealand White-sired progeny were superior to those sired by Baladi rabbit for body weights and gains up to 12 weeks of age. Such superiority of New Zealand White-sired rabbits suggests using this breed in crossbreeding. Afifi et al (1994) found that growth performance at early ages (5 and 6 weeks) of New Zealand White-sired rabbits was not significantly different from rabbits sired by Baladi Red breed, while significant differences were evidenced during the later ages of growth at 10 and 12 weeks. Direct genetic effects were also pronounced in favour of New Zealand White rabbits.
          El-Qen (1988) in Egypt with Bouscat, Flander and their crosses showed that there were slight differences in carcass traits between these breeds. Hassan (1988) found that carcass performance of offspring from Baladi Black and Baladi Red sires were better than these native breeds when used as dams. Baladi Red-sired rabbits were significantly different from New Zealand White-sired rabbits in their carcass performance (Afifi et al, 1994). The edible carcass traits were in favour of New Zealand White-sired rabbits along with lighter non-edible carcass wastes of blood and viscera. In this study, New Zealand White-sired rabbits were superior in carcass weight and such favorableness leads to state that New Zealand White rabbits could be used as a terminal sire breed in Egypt.
3.4.1.2 Direct effects cited in studies of cold climate countries: 
In France, Brun and Rouvier (1984) reported negative direct genetic effect for number born and weaned of New Zealand White rabbits, while positive estimates for the same traits were observed for Californian rabbits. Also, Rouvier and Brun (1990) found that Californian-sired litters had higher direct genetic effects on pre-weaning litter traits than that of New Zealand White-sired litters. Lukefahr et al (1983a&c) in USA stated that direct sire-breed effects were mostly in favour of Californian litters vs litters sired by New Zealand White rabbits for litter size and weight at birth, weaning (28 days) and at 56 days of age, pre-weaning litter gain and pre-weaning litter mortality. Moreover, Lukefahr (1982&1988) reported that direct sire-breed effects of Flemish Giant on pre-weaning litters were positive and high when compared with litters of New Zealand White and Californian. Since the additive breed effects of Flemish Giant litters were superior than that of New Zealand White and Californian litters, the observed direct   effects on pre-weaning litter traits reported by the American studies indicated a consistent desirable trend associated with using the Flemish Giant as a terminal sire breed.
           Ouhayoun and Poujardieu (1979), in France, appraised different breeds of rabbits (Bouscat, Flemish Giant, Rex Havana and Polish) for growth traits. For the four breeds used, terminal-crossbred progeny sired by the two large breeds (Bouscat and Flemish Giant) generally yielded the best performance in terms of body weight and daily gain from weaning at 4 weeks up to 11 weeks of age.
           Some European studies (e.g. Niedzwiadek and Kawinska, 1982; Brun and Ouhayoun, 1989) reported slight differences in carcass performance between New Zealand White and Californian sired rabbits. In Califronian vs New Zealand White sire breed contrast, Lukefahr et al. (1982) and Lukefahr and Ozimba (1991) in USA reported that Californian-sired rabbits were lighter than New Zealand White-sired rabbits for carcass weight, although the differences were not significant.
3.4.2 Maternal effects: 
           According to Rouvier and Brun (1990) and Dickerson (1992), maternal effects or reciprocal cross differences between any two breeds reflect differences in maternal ability between such two breeds. Based upon results of literature, maternal-breed effects appear to be much more important than paternal-breed effects in influencing pre-weaning litter traits (e.g. Lukefahr   et al, 1983a&b; Khalil et al., 1995), while the reverse trend was observed for post-weaning growth (Afifi et al, 1994; Khalil and Afifi, 2000).
3.4.2.1 Maternal additive effects cited in studies of hot climate countries:
           Maternal effects (expressed as the differences between reciprocal crosses) on litter traits at birth and during the pre-weaning period were not significant (Afifi et al., 1976a&b, Tag El-Din, 1979; Dora, 1979; Emara , 1982 ; El-Qen, 1988; Afifi and Khalil, 1989; Oudah, 1990; Khalil et al., 1995). However, there was a general trend indicating that litters mothered by exotic breeds recorded better performance than litters mothered by native breeds. This evidenced the superiority of exotic breeds (e.g. New Zealand White, Californian, Bouscat, Giant Flander, etc.) in their maternal ability (in terms of milk production and care for young) than native breeds. Blasco   et al. (1992), Blasco et al. (2000)  and Santacreu et al (1992&2000) explained the components contributing to the variation of litter traits at birth to the variation related to ovulation rate, ova wastage, implantation sites, embryonic mortality, embryo survival, foetal survival, uterine capacity and intra-uterine environment. While at weaning, litters are largely dependent upon the maternal care provided by the dam to her young during the suckling period.         
In the Egyptian studies, maternal breed effects on post-weaning growth traits were not significant. Some of these findings (e.g. Hassan, 1988; Oudah, 1990; El-Desoki, 1991; Afifi et al, 1994) reported a general trend indicating also that rabbits mothered by the exotic breeds (Bouscat, White Flander, New Zealand White, Californian) surpassed significantly in their maternity than those rabbits mothered by Egyptian ones. This confirmed the superiority of exotic breeds in their breed maternity (in terms of milk production, growth and survival) than the Egyptian ones.

          El-Qen (1988) with Bouscat and Flander rabbits rasied in Egypt found that rabbits mothered by Flander dams significantly (P<0.05) surpassed Bouscat dams in their carcass performance. Hassan (1988) with carcass yield of New Zealand White, Baladi Red and Baladi Black rabbits reported insignificantly higher breed maternity in favour of New Zealand White dams. These findings evidenced the superiority of exotic breeds in their breed maternity in terms of milk production, growth and survival compared to the native breeds. Afifi et al (1994) found that carcass performance of rabbits mothered by New Zealand White breed were nearly similar to those rabbits mothered by Baladi Red breed, i.e. both breeds could be used as breed of dam. In this later study, blood and viscera wastes recorded by Baladi Red-damed rabbits were lower than New Zealand White-damed rabbits. These results were expected because Baladi Red rabbits originated from Giants breed which has superior breed maternity for post-weaning performance (in terms of growth and survival) compared to New Zealand White breed. They concluded, therefore, that it might be effective to use Baladi Red as a breed of dam in any crossbreeding stratification system for producing broiler rabbits with heavy weights and carcasses.

3.4.2.2 Maternal additive effects cited in studies of moderate or cold climate           countries:
          Lukefahr et al (1983a&b&c) in USA revealed important maternal breed differences (expressed as reciprocal crossbreed contrasts) between New Zealand White dams and Californian ones for litter size and weight at birth, 21 days and weaning (28 days) and for pre-weaning litter gain. The differences suggest the existence of maternal breed effect in favour of the New Zealand White group, possibly due to increased milk production of New Zealand White does over Californian ones (Lukefahr   et al, 1983b). These differences in maternity may have been a reflection of heavier body weight (P<0.05) of New Zealand White does in compared with Californian ones (Lukefahr et al, 1983a). However, breed superiority of New Zealand White maternity compared with Californian maternity for pre-weaning litter traits has been demonstrated in the European studies (Partridge et al., 1981; Brun and Rouvier, 1984; Rouvier    and Brun, 1990).   
          In Japan, Oetting et al. (1989) with New Zealand White and Japanese rabbits and their reciprocal crosses reported that maternal-breed effects on body weights at weaning (4 weeks) and up to 9 weeks of age were not significant. In Thailand, Reodecha and Kipakorn  (1989) found that body weights and daily gains from 6 to 14 weeks of age of New Zealand White x Thai rabbits were not significantly different from their reciprocal cross and the maternal-breed effects were in favour of New Zealand White dams.
          With New Zealand White and Californian rabbits and their crosses, some European and American studies (Pomytko and Miroshnichenko, 1978; Niedzwiadek and Kawinska, 1982; Ozimba and Lukefahr, 1991a) reported a general trend indicating that New Zealand White-dammed rabbits were significantly slightly lower in major carcass traits compared to Californian-dammed ones. Brun and Ouhayoun (1989) found that carcass performance of New Zealand White dams was significantly (P<0.05) different with Californian ones and the breed maternity was in favour of Californian dams. In Californian vs. New Zealand White dam breed contrast, Lukefahr et al. (1983d) in USA found that rabbits from Californian dams were lighter in carcass weights and giblets percentages (P<0.01).
3.4.3 Comparing genetic direct and maternal effects for various lines

The performance of a crossbred doe is the sum of the mean value of the parental lines and of the heterosis. Even if heterosis effects are of great importance, the mean value of parental lines deserves some comments. Cifre et al. (1998 a and b) made a comparison of a new high prolificacy line (H-line) with V-line in Spain and the results could be summarized as: (1) The comparison was always favourable insignificantly to line H (around 0.50 young rabbit); the critical probability was around 0.06, (2) Contrasts between H-line and V-line were not significant for the first and second parity, but were very important for subsequent parity orders, (3) H line had a higher live litter weight at birth and a higher litter weight at 21 days than V line; the differences were mainly due to litter size, (4) The higher prolificacy of H-line had not implied a reduction in the average weight of young rabbits, and (5) H-line was superior in individual weaning weight relative to V-line associated with higher litter weight at 21 days, but there was no difference for time to market weight and average daily gain between the two lines. Estimates obtained by Baselga et al. (2003) in Spain also for direct and maternal genetic effects between A, H and V lines were found to be: (1) significant differences in direct genetic effects between the lines were found for litter size traits, (2) V-line rabbits had higher litter size than A-line rabbits, and (3) differences between H-line and V-line rabbits were in favour of V-line but they were not significant. Moreover, results of Orengo et al. (2003) for direct and maternal additive effects in Spain could be summarized to be: (1) Differences between direct genetic effects for reproductive traits of three Spanish maternal lines (A-line vs. P-line and V-line) were significant for total litter weight at birth and number of alive rabbits at birth, (2) There were also a significant difference between A-line and P-line for litter size at weaning, (3) Line A had smaller direct genetic effects than H-line and P-line, and (4) No difference was found between lines for maternal genetic effects. For comparison of V-line with 2066-line in France, Brun et al. (1998) found that: (1) V-line does were heavier at insemination than 2066-does, (2) 2066-line does shed more ova (15.5 vs. 14.2) and (3) 2066-line does had a lower prenatal survival with the same litter size at birth and at weaning than V-line does.

3.4.4 Heterotic effects: 
3.4.4.1  Direct heterosis estimated in studies of hot climate countries:
          Crossbreeding experiments carried out in Egypt revealed that heterotic effects were evident in most of the possible single crossbred combinations for litter size (Afifi et al., 1976b; Emara, 1982; Soliman, 1983; Afifi and Emara, 1987; Afifi and Khalil, 1989; Khalil and Afifi, 2000), litter weight (Afifi et al. 1976a; Tag El-Din, 1979; Emara, 1982; Afifi and Khalil, 1989; Khalil and Afifi, 2000), pre-weaning gain in weight of litter (Soliman, 1983) and average birth and weaning weight per litter (Khalil et al., 1995) and pre-weaning mortality (Soliman,1983; Afifi and Khalil, 1989; Youssef, 1992). Comparison of percentages of heterosis for litter traits at birth and at weaning showed that heterotic effects on litter traits were more pronounced at weaning than at birth in most cases. These reviewed results indicate also that crossing between exotic breeds of rabbits with other Egyptian breeds was generally associated with an existence of heterotic effects on pre-weaning doe traits (Afifi et al., 1976b; Tag El-Din, 1979; Dora, 1979; Emara, 1982; Soliman, 1983; Khalil et al., 1995; Khalil and Afifi, 2000). In most cases, crossbred litters obtained at weaning from mating bucks of Egyptian breeds with does of exotic breeds were better than those litters obtained from the reverse mating (Emara, 1982; Oudah, 1990; Youssef, 1992), i.e. mothering and milking abilities of exotic breeds are better than those of Egyptian breeds.  Results of Afifi and Emara (1987) and Afifi and Khalil (1989) showed that heterosis from including Giant breeds (Grey Giant Flander, White Giant.. etc.) in crossbreeding experiments with Egyptian breeds was equal to or superior to those estimates of heterosis for medium-sized breeds (New Zealand White, Californian) as reported by Oudah (1990). Crossing between exotic breeds with each other in Egypt generally exhibited heterotic effects on litter performance of doe rabbits (Afifi et al, 1976b; Emara, 1982). This means that exotic breeds are higher in their non-additive genetic effects compared to the other Egyptian breeds. On the contrary, Emara (1982) and Soliman (1983) indicated that crossbreeding between Egyptian breeds with each others showed little or no heterotic effects on litter traits of their crossbred litters. In Mexico, Campos et al. (1980) showed that heterosis from including American breeds (e.g. New Zealand White, Californian, etc.) in crossbreeding experiments was equal to or superior to those estimates of heterosis from French breeds (e.g. Bouscat).
           Most of the crossbreeding experiments in Egypt (Tag El-Din, 1979; Dora, 1979; Soliman, 1983; Kosba et al, 1985; Sallam and Hafez, 1984;  Oudah, 1990; El-Desoki, 1991; Afifi et al, 1994) indicated the presence of positive heterotic effects on body weights and gains of rabbits at different ages of growth. Other crossbreeding experiments carried out by El-Qen (1988) showed that crossbreeding was of little importance in improving body weights and gains in rabbits. Tag El-Din, (1979), Emara (1982), Afifi and Emara (1990), Oudah (1990) and Afifi et al (1994) reported that body weight and daily gain of crossbred rabbits obtained from the mating of sires of Egyptian breeds with dams of exotic ones have surpassed those weights and gains obtained from the reverse matings, i.e. heterosis in crossbred rabbits were in favour of using exotic dams. This could be explained on the basis that the exotic dams (e.g. Bouscat, New Zealand White, Californian) are superior in their mothering and milking abilities than Egyptian ones. Crossbred rabbits obtained from crossing of exotic breeds with each other were associated with an existence of heterotic effects in their weights and gains (Emara, 1982; Oudah, 1990), while crossbred rabbits obtained from mating of Egyptian breeds with each others were generally associated with negative heterosis (Emara, 1982). This means that exotic breeds (e.g. New Zealand White, Californian, Flemish Giant and Bouscat) are higher in their non-additive genetic effects along with better maternal abilities compared to the other Egyptian breeds (Giza White, Baladi Red, Baladi White). In Brazil, the crossbreeding experiment carried out by Martins et al. (1988) on New Zealand White, Californian, Chinchilla and Bouscat Giant breeds revealed that crossbreds included Californian breed had the best post-weaning growth rate.
          Crossbred rabbits obtained by Sallam and El-Ashmawy (1985) from crossing of Baladi Red x Bouscat and Baladi Red x Chinchilla in Egypt gave higher performance in carcass than their parental purebred rabbits. Crossing was generally associated with positive insignificant heterotic effects on all carcass traits (Afifi et al., 1994).  Heterosis percentages ranged from 0% to 4.7% for edible carcass traits (carcass, giblets and head) and from 1.0% to 2.5 for non-edible carcass traits (fur, blood and viscera). However, most estimates of heterosis obtained from experiments in Egypt (e.g. El-Qen, 1988; Hassan, 1988) indicated that crossbreeding was associated with a little improvement in the carcass performance.

3.4.4.2 Direct heterosis estimated in studies of cold climate countries:
         Studies of the European and cold states of USA (e.g. Partridge et al., 1981; Lukefahr, 1982) indicated that crossbred litters exceeded their parental breeds in doe litter performance, i.e. heterotic effects in most crossbreed groups were observed. Estimates of heterosis in these studies ranged from 2.0 to 15.4%.

         The Italian studies (e.g. Masoero, 1982) confirmed that heterosis for growth traits (body weight and daily gain) obtained from crosses included Giant breeds was superior to that of medium-sized breeds (New Zealand White and Californian). Ozimba and Lukefahr (1991a) in USA provide corroborative evidence in support of obtaining heterotic effects on post-weaning growth traits via mating Californian sires to New Zealand White dams or mating purebred or crossbred Flemish Giant   sires to purebred or crossbred Californian or Chinchilla dams, as opposed New Zealand White and Californian purebreds in the commercial rabbit industry.

           In France and USA, most estimates of heterosis obtained from including New Zealand White rabbits in the crossbreeding experiments (Lukefahr  et al.,  1982; Lukefahr  et al., 1983d; Brun and Ouhayoun, 1989; Ozimba and Lukefahr, 1991a) indicated that crossbreeding is associated with little improvement in carcass performance. In USA, Lukefahr and Ozimba   (1991) with New Zealand White and Californian purebreds, Californian x New Zealand White and Flemish Giant terminal crossbreds reported that purebred New Zealand White was generally inferior to the other breeds for the major carcass traits, while Californian purebreds had higher dress-out lean yield and fur percentages and lower visceral percentage than did New Zealand White purebreds. The lighter pre-slaughter weight in Californian and poorer dress-out and cutability characters in New Zealand White fryers clearly seemed to be compensated in the Californian x New Zealand White cross. Lukefahr  et al. (1982) and   Ozimba and Lukefahr  (1991a) stated that direct heterotic effects on carcass traits were generally negligible except that carcass weights were heavier (P<0.05) in Flemish-sired rabbits kindled by hybrid vs. straight dams. 
In 1994, Brun and Saleil (1994) reported the estimates of the heterosis to be 15.2%, 20.1% and 6.7% for total litter size, born alive and number of young weaned; the experiment being carried out in farm conditions. This explains the low value of heterosis for number of weaned rabbits because of the practice of some farmers of taking out some young at birth. These figures are important, despite the long number of generations of selection followed in those lines. Nofal et al. (1996) gave values of 12.5%, 10.0% and 5.5% of heterosis for the same traits previously cited for the cross between New Zealand White and Californian. The heterosis between line V (maternal lines, UPV, Spain) and A2066 for traits of total litter size and number born alive was studied by Brun et al. (1998), reporting heterosis values of 13.6% and 20.7% for these traits. In Spain, there are two public centers that join their efforts in developing a programme of rabbit genetic improvement. These centers are the Department of Animal Science (UPV, Valencia), and the Rabbit Science Unit (IRTA, Barcelona). Recently, the crosses between maternal lines of the UPV (lines A, V and H) were studied by Baselga et al. (2003) and showed that (1) Line A showed significant individual heterosis with lines V and H in prolificacy traits (total born and live born per litter), (2) Heterosis estimates in these centers ranged between 0.45 and 0.98 young per litter (4 and 10%), and (3) No significant heterosis, for any trait, was detected between lines V and H. Orengo et al.(2003) have studied the cross between the lines A, V and Prat (IRTA, Spain) finding individual heterosis for litter size traits ranging between 7 and 16%. In the terminal cross between the crossbred doe and the paternal line, complementarity plays a central role in the sense that crossbred does should be extreme with regard to reproductive performance and the paternal line should be as extreme as possible in growth, feed efficiency and carcass traits. However, estimates of heterosis for litter size traits (born alive, total born and number of young weaned) also confirm the previous reported values with estimates ranging from 4 to 21% depending on the lines involved to get the crossbred does (Nofal et al., 1996; Brun et al., 1998; Prayaga and Eady, 2002; Baselga et al, 2003).

3.5 Development of new lines of rabbits allover the world:

The development of maternal and paternal lines is a crucial activity. INRA in France and Valencia University and IRTA in Spain were involved in this context to develop lines to be used in crosses. The French programme has its roots in 1961 when the control of performance in farms began (Baneye, 1975; Rouvier, 1975), but the concept to produce paternal and maternal lines was organized later (Rouvier, 1981). The work of development of lines started in Spain at Valencia University and IRTA in 1976. The French and Spanish programmes have kept their work uninterrupted until now and all the lines created in the beginning have undergone more than thirty generations of selection. There are other examples of public institutions in other countries developing rabbits lines for use in production. In Mexico, the first global attempt to develop a programme was in 1976 in the Centro Nacional Cunícola de Irapauato assisted by the INRA (Páez Campos et al., 1980) and now the Colegio de Postgraduados (Montecillo) and the Facultad de Altos Estudios Cuautitlán (UNAM, México) are engaged in active work developing and selecting rabbit lines. In 1988, Alabama A&M University in USA began selection program to develop a paternal line that has continued until 1994 and moved thereafter in the Texas A&M University (Department of Animal and Wildlife Sciences, line Altex). In 1991, Faculty of Animal Science, Pannon University of Agriculture in Hungary has been developing the White Pannon breed, selected for growth rate (Garreau et al., 2000). In Uruguay, INIA (Las Brujas, Canelones) has had a programme since 1999 involving two maternal and one paternal lines (Capra et al., 2000). In Egypt, great efforts have been made since 1998 to select one exotic maternal line under local conditions and to develop and select local lines based partially on local breeds. Faculty of Agriculture of Alexandria (Department of Poultry Production), Animal Production Research Institute (APRI, Cairo) and Faculty of Agriculture at Moshtohor (Department of Animal Production) are involved in this Egyptian-Spanish programme. In Saudi Arabia, a national project was established recently to develop rabbit production in this country and to detect the possibilities of producing meat rabbits under industrialized conditions (Khalil et al, 2002). For this reason, special emphases were paid to construct a genetic improvement programme to develop new lines of meat rabbits convenient for this hot climate country. 
3.6 Inventory of selected maternal and paternal lines allover the world:


Table 3 shows maternal and paternal lines developed allover the world.

3.6.1 New lines developed in France:

Two historical French selection experiments for litter size are still going on; since 2066-line was selected for litter size at birth, while Line 1077 was selected for litter size at birth and for individual weight at 63 days (Rochambeau, 1998; Garreau and Rochambeau, 2003). Recently, two new selection experiments started up in 2003. Firstly, 1077-line was duplicated and the selection objective of the new line (1777-line) combines litter size and maternal qualities together (Garreau and Rochambeau, 2003). Also, individual weaning weight and litter size at birth was used as the third selection criterion; longevity will be added soon as a fourth criterion (Garreau et al., 2001). Optimum contribution selection methods maximise genetic response while constraining inbreeding by restricting the coancestry among selected parents (Grundy et al. 1998; Sonesson and meuwissen 2000). Secondly, a divergent selection experiment was started for the homogeneity of birth weight (Garreau et al. 2003; Garreau et al. 2004b).

3.6.2 New lines developed in Spain:

Two long term selection experiments were carried out in Spain. Garcia and Baselga (2002a&b&c) have analysed the response of selection in these experiments. A review of the results was presented by Baselga (2004), that also inform about two more recent lines founded by applying very high intensities of selection for the traits of interest. The foundation of H-line was based on the detection of hyperprolific does. H-line is now selected for litter size at birth. The same alternative was applied to create the new B-line for which the criteria of screening in the commercial farms were hyperlongevity and litter size over the mean.
Table 3: Inventory of running selection experiments of maternal and paternal lines allover the world

	Name of new line
	Country
	Origin of the new line
	Selection criteria
	No. of bucks and does used
	No. of generations obtained

	Line 1077
	France
	NZW
	Birth litter size + 63d weight
	33 and 121
	34

	Line 1777
	France
	Line 1077
	Birth litter size + weaning weight
	20 and 120
	3

	Line 2066
	France
	Great Russian x Californian
	Birth litter size
	27 and 81
	34

	Line A
	Spain
	NZW
	Weaning litter size
	25 and 125
	33

	Line V
	Spain
	Four lines
	Weaning litter size
	25 and 125
	30

	Line H
	Spain
	Hyper prolific V-line does
	Birth litter size
	25 and 125
	11

	Altex
	USA
	¼ Califonian, ¼ Champagne d' Argent, and ½ Flemish Giant
	70-day market weight
	20 and 80
	8

	Botucatu
	Hungary
	Norfolk line
	Weaning litter size + daily gain
	20 and 110
	12

	Uruguay V

Uruguay NZW
	Uruguay
	V line
	Weaning litter size
	25 and 120
	5

	Alexandria V
	Egypt
	V line
	Weaning litter size
	45 and 130
	6

	Moshtohor synthetic
	Egypt
	Sinai Gabali x Vline
	Litter weight+ 56-d weight
	35 and 120
	3

	APRI synthetic
	Egypt
	Baladi red x V line
	Weaning litter weight
	27 and 100
	4

	Saudi-1, Saudi-2, Saudi-3
	Saudi Arabia
	V line and Saudi Gabali
	Weaning litter weight + 84-d weight
	20 and 120
	5 and 6


3.6.3 New lines developed in USA:


Lukefahr et al (1996) described the development of a large terminal sire breed, presently known as the ALTEX, which has a breed foundation of ¼ Califonian, ¼ Champagne d' Argent, and ½ Flemish Giant and a history of phenotypic selection for increased 70-day market weight. Crossbred fryers from Altex sires and New Zealand White dams to increase economic returns in commercial operations may exhibit breed complementarity and heterosis effects.
3.6.4 New lines developed in Hungary:

A multi-purpose line was selected in Brazil through simultaneous selection for litter size and growth traits (Moura et al., 2001). This line named Botucatu and is still under selection. The selection criteria used in this program were litter size at weaning and post-weaning growth rate. An independent level selection was practised.

3.6.5 New lines developed in Saudi Arabia

V-line rabbits were imported in 2000 from Spain and were crossed with desert Saudi rabbits (Gabali). There were some evidences that V-line rabbits and their crosses could produce efficiently under hot climatic conditions (Khalil et al. 2002, Mehaia et al. 2002, Al-Sobayil and Khalil 2002). Two synthetic maternal lines (Saudi-1 and Saudi-2) and one synthetic paternal line (Saudi-3) were developed from crossing Saudi Gabali with V-line rabbits, both selected for litter weight at weaning and individual weight at 84 d. 

3.6.6 New lines developed in Egypt

V-line rabbits were imported from Spain and various selection experiments were started out. On one hand, three replicates of V-line were created: one line (Egyptian-Alexandria V) is selected for litter size at weaning (El-Raffa 2000); a second one (Egyptian-Moshtohor V) is selected for litter weight and live weight at 56 days, and a third one (Egyptian –APRI V) is selected for litter weight at weaning. On the other hand, two synthetic lines were started out: the Egyptian- Moshtohor Synthetic line is a cross between Sinai Gabali and V-line; the line is selected for litter weight at weaning and live weight at 56 days. The Egyptian–APRI synthetic is a cross between Baladi Red and V-line; the line is selected for litter weight at weaning.

3.6.7 New lines developed in Uruguay

Two lines were developed through selection for litter size at weaning (Capra et al. 2000; Garcia et al. 2000d). The first one is an Uruguay New Zealand White line and the second one is a duplicate of Spanish V-line rabbits. 

3.7 Sampling practiced in synthesizing new lines of rabbits:

The most common practice in the past was to rely on the existing breeds and getting samples of one or several of them (Lukefahr et al., 1996) to create a new population of small size that after two or three generations of inter-se mating gives rise to the new line (Khalil and Baselga, 2002). The final size of the line can range between 100-200 does and 20-40 bucks. This procedure is not difficult to carry out but care must be taken because some problems can arise. One problem comes from the enormous diversity that can exist within a breed. This means that you may sample the founder stock for the new line from populations of the breed that are genetically poor for the traits of interest and consequently the starting point for the new line will be low and possibly noncompetitive. Another setback could be health problems that could appear when all the founders are put together in the same herd but come from a relatively large number of different farms. This latter problem can be overcome by using hysterectomy or other techniques such as freezing and transfer of embryos to obtain animals from the farms (García-Ximénez et al., 1996). 

Baselga (2004) had commented on two alternatives to describe the procedure to develop new lines. In both cases, the first point is to define realistically the desired specialization of the line. The first alternative attempts to find two or three populations, no matter their genetic origin (pure breed, synthetics or crossbred), that are clearly outstanding for the traits important to the desired specialization of the line (Baselga, 2002). The next step is to obtain animals from these populations and mate them without selection for two or three generations. The second alternative relies on applying very high intensities of selection for the traits of interest in very large populations (for example, commercial populations). Baselga (2004) illustrate this procedure detailing the foundation of line H in Valencia University in Spain. It is based on the detection of does named hyperprolific, screening a large population of commercial rabbits, spread over different Spanish farms. A doe was sorted as hyperprolific if it had a parity with 17 or more young born alive of if her accumulated number of live born along all its parities allowed its classification in the group of the best 1%. An initial step in the process was to obtain male progeny from a batch of hyperprolific does (20) mated to normal bucks (9 bucks, pertaining to line V). In the second step, the males obtained in the first step were back-crossed to a new and larger batch of hyperprolific females, in order to accumulate the genes for prolificacy in the progeny. The progeny obtained was the starting generation of line H (generation 0). In this alternative, the health problems could be important and to avoid them hysterectomies were performed in the first step and embryo vitrification in the second step. After thawing and transferring these embryos, a set of 474 rabbits of generation 0 were allowable for maintaining the line and for studies of comparison of the line H with line V and crossbred does of AxV; comparison was successful for line H (Cifre et al., 1998a&b). After three generations without selection, they started the selection for number born alive per litter. The same alternative was being applied to create a new line for which the criteria of screening in the commercial farms were hyperlongevity, and prolificacy over the mean in Valencia University, Spain. In this case, two steps of backcrosses have been performed.

3.8 Criteria and methods of selection to be used in synthesizing new lines of rabbits:

It is necessary to distinguish according to the specialization of the lines to be paternal or maternal. 

3.8.1 Selection criteria and methods applied to synthesize paternal lines:

Paternal lines are commonly selected for post-weaning daily gain (Rochambeau et al., 1989; Estany et al., 1992; Gómez et al., 2002) or for a weight at a time close to the market age (Lukefahr et al., 1996; Larzul et al., 2003a). These criteria are very easy to record and have a negative and favourable genetic correlation with the conversion index (Moura et al., 1997; Piles et al., 2004) which is very important for an efficient production. Baselga (2004) reported that conversion index is not used directly because it is expensive to record and would need, when collective cages are used, complex electronic devices to enable recording of the individual feed intake. If fattening is done in cages, housing only one rabbit, control of the feed consumption could be manual but, anyway, is also expensive and there could be a genotype by type of cage interaction. 

The methodology used to select for growth traits has been, in general, individual selection. It is the simplest procedure and is possible because the traits are expressed in both sexes and the heritability is moderate. In this way, we can save time, labour and resources and the interval between generations could be around six months. Szendro et al. (1996) attempted to select for daily gain and carcass quality in White Pannon breed, assessed by the average surface of longissimus dorsi using computerised tomography. In the future, lines highly selected for growth, a close connection between the nucleus of selection and the artificial insemination centres will allow semen and other adult male traits to be included in the criteria and objectives of selection. 

3.8.2 Selection criteria and methods applied to synthesize maternal lines:

Regarding selection of maternal lines, the situation is more complex compared to the paternal lines. For the most common approaches, Garreau et al. (2004a) reviewed the current situation, the future and the experimental alternatives for selecting the maternal lines. The most common criteria of selection have been related with litter size at birth or at weaning (Estany et al., 1989; Gómez et al., 1996). In one case, the selection criteria include litter size at birth and weight at nine weeks to prevent negative responses in adult weight (Bolet and Saleil, 2002) and there are proposals for the selection of these lines including traits related with the ability of the doe to nourish the lactating progeny, such as weight at weaning (Garreau and Rochambeau, 2003; Khalil et al, 2002), litter weight at weaning or total milk production (Khalil et al, 2002&2004). 

Selection methods in maternal lines are more complicated than in paternal lines. This complexity is due to the fact that males do not express litter size traits in themselves and to the low values of heritabilities for reproductive traits. So, it is necessary to consider as many own and relative records as possible in the genetic evaluation of does and bucks. In addition, the generation interval is longer than in the selection of sire lines and, consequently, it could be necessary to take into account some environmental and physiological effects in the models of evaluation (Armero et al., 1995). Family indexes were proposed to integrate the own information and the information of the relatives to carry out the genetic evaluation (Matheron and Rouvier, 1977; Baselga et al., 1984). This methodology is still applied for the selection of line A in Valencia University in Spain that is in the 32nd generation of selection. In this case, evaluation of the doe or buck for litter size at weaning using a family index was used with a maximum of four items for the individual to be evaluated (if it is a doe, dam of doe, full sisters and half paternal or maternal sisters).

Currently, mixed model methodology (BLUP) is the most common procedure to be used in evaluation. One of the biggest differences with the family index is that some environmental and physiological effects are considered in the model (Estany et al., 1989; Gómez et al. 1996; Rochambeau et al. 1998). Simulation studies with real data have shown similar efficiencies of both methodologies for selecting litter size. The loss of response due to selection on a family Index instead of a BLUP is around 8% (Armero et al., 1995) when generations of selection did not overlap. All these methods of selection are associated with an increase in inbreeding of the lines generation after generation and it is necessary to manage these lines in an attempt to minimize the losses of genetic variability in the lines used. This aspect was analysed by Kerdiles and Rochambeau (2002) through 20 generations of selection in the INRA maternal lines in France.

3.9 Synthesizing new lines with global objective:

In most countries allover the world, the rabbit industry has not yet reached a high level of organization since it may not be possible to select sire and dam lines for a subsequent crossbreeding program. An alternative objective could be the development of a multi-purpose line, through simultaneous selection for litter size and growth traits. This alternate strategy was successfully tested in Brazil, Spain and France. 

Moura et al. (2001) in Brazil initiated selection program of a multi-purpose line in 1992. There were four selection criteria in the selection index included litter size at weaning, individual weaning weight, litter weaning weight and individual weight at 70 days of age. These traits were combined in an index and the results of this program could be summarized as: (1) Estimated annual genetic gain for litter size at weaning was 0.04 young rabbit per litter per year, (2) Annual genetic gain for litter weaning weight were positive and significant, (3) A positive direct linear trend was observed for weaning weight, but no maternal linear trend was detected, and (4) Direct and maternal trends were favourable for market individual weight (at 70 days) and a more consistent response for this trait was observed which received a higher relative economic weight in the selection index. 

In Spain, Gomez et al. (2000) choose two selection criteria included litter size at weaning and individual daily weight gain and using the selection method of independent culling level to develop multipurpose strain. Renewal bucks (does) were selected from the 50% (80%) best ranked dams and from the 15% (25%) fast growing young rabbits. Results of this project could be summarized as: (1) Genetic response in litter weight at weaning was 30.9 g per litter per year, (2) A positive genetic response in individual weight at weaning of 11 g per young rabbit per year, (3) A genetic response in litter size at weaning was 0.03 young rabbit per litter per year, (4) Direct response in daily gain was around 1.06 g per day, with an indirect response of 38 g per young rabbit per year in individual 60 days weight, and (5) Ability of doe to raise her litters has also been improved because genetic response in litter size at weaning was higher than response in litter size at birth. 
In France, Salaün et al (2001) used a single criterion of selection of total litter weight at weaning per doe per year to select in the Rex line rabbits. Heritability of the trait was low (0.06) and the genetic correlation with total litter weight at weaning (0.98) and litter size at weaning (0.87) were high. An annual genetic gain was observed for the selected trait (342 g), which was equal to 1.7% of the phenotypic mean or 3.2% of the phenotypic standard deviation.

3.10 Within line genetic responses

Using a control population is the standard way of estimating the response in selection experiments. This control population must be developed parallel to the selected population but without carrying out selection. Another common method is using the divergent selection, studying the differences between two lines selected contemporarily, one direction to increase the trait and another direction to decrease it (Santacreu et al., 2000). The use of frozen embryos (Santacreu et al., 2000) allows comparing the contemporaries of the two different generations of the same line. After the development of different reproductive techniques, using these techniques must be considered to estimate responses to selection. All these methods are neither model dependent nor dependent on the genetic parameters of the traits. There are statistical methods, such as mixed model methodology and Bayesian Inference that were used to estimate genetic trends or responses to selection that are dependent on the models. These statistical methods have been applied in rabbits. There are some experiments that were analysed at the same time by both types of methods. In many cases, there was a good agreement between the responses estimated by both types of approaches, but not always. The consequence is that statistical methods need some type of previous validation in the populations and traits under analysis before being used to estimate response of selection.

3.10.1 Genetic responses in synthesizing paternal lines

The responses obtained in experiments of selection for weight at market time (63-70d) ranged between 18 and 35 g per generation (Rochambeau et al., 1994; Lukefahr et al., 1996; Garreau et al., 2000; Larzul et al., 2003c) and there is a good agreement between the estimates of the responses obtained using the control line or mixed model methods (Lukefahr et al., 1996; Larzul et al, 2003c). When selection was for growth rate, the responses were between 0.45 and 1.23 g/d (Rochambeau et al., 1989; Estany et al., 1992; Piles and Blasco, 2003). In the experiment of Piles and Blasco (2003), the response was estimated using frozen embryos and by Bayesian Inference and both methods gave the same estimate. There were correlated responses of selection for growth that could be presented as an increase in the adult weight (Blasco et al., 2003). For selection at a fixed slaughter weight, the feed conversion decreases and feed consumption increases (Feki et al., 1996); intestinal content increases, and the dressing percentage decreases (Gómez et al., 1998; Pla et al, 1998) because of the lower maturity. The consequences of this lower maturity are fat deposits reduced, ultimate pH in muscle and water holding capacity of the meat diminished (Piles et al., 2000; Gondret et al., 2003). Some of the negative consequences of selection for growth rate are not quantitatively important and can be reduced by increasing the market weight and imposing a light fasting before slaughter. In an analysis at a constant age, improvement due to selection in the conversion index can disappear as well dressing out percentage and maturity can negatively affected (Garreau et al., 2000; Larzul et al., 2003b).

3.10.2 Genetic responses in synthesizing maternal lines

Regarding the response to selection in maternal lines, Baselga (2004) and Garreau et al (2004a) commented only on results of lines involved directly in rabbit breeding programmes. Comparing the responses of selection relative to the control population (Rochambeau et al., 1998; Tudela et al., 2003) or relative to the use of frozen embryos (García and Baselga, 2002a&b), the responses were between 0.08 and 0.09 rabbits for total born, born alive or weaned per litter and generation. In the same lines, responses in litter size estimated as genetic trends by mixed model methods completely agree in the experiments carried out by Rochambeau et al. (1998), García and Baselga (2002a) and Tudela et al. (2003). There are also reports of responses estimated exclusively by mixed model methods, the estimates ranging between 0.05 and 0.129 rabbit born alive or weaned per litter and generation (Estany et al., 1989; Rochambeau et al., 1994; Gómez et al., 1996). For significant responses in litter size in some of these lines, studies have been carried out to ascertain whether some components of litter size had been modified or not. In this respect, García and Baselga (2002a) found that the main explanation of the response in litter size was the improvement in ovulation rate. García and Baselga (2002b) found that foetal survival was probably the trait actually improved that could explain the observed response in litter size. The correlated responses in growth traits when selection is for litter size have also been investigated by Baselga and García (2002) and García and Baselga (2002 c) who did not find significant responses for weight at weaning, weight at market time, post-weaning daily gain, daily feed intake and conversion index, when the comparisons were done at a constant litter size at birth. In two different maternal lines, Rochambeau et al. (1994) reported that selection for increased litter size resulted in a decrease in individual weight at weaning but total weight of the litter at weaning increased. This consideration has meant the modification of the selection objective in the maternal line to include the weight at 63 days in addition to litter size performances in an attempt to increase litter size and individual weight at the same time (Rochambeau, 1998).

3.11 Genetic responses in crossbred does and young

The final aim of the genetic improvement of the lines is the improvement of the performance of the crossbred does and crossbred young. In this sense, it is crucial to evaluate the response of selection programmes to be obtained in the crossbred doe and young. The French programme was concerned with evaluation of genetic parameters in the cross from time to time since they carried out experiments with the aim of estimating these parameters (direct and maternal additive and heterosis effects). The conclusions of these experiments are not clear where the estimates between the first experiment in 1970 and the second one in 1979 were different and not predictable in advance (Rouvier and Brun, 1990). Nevertheless, comparing results of heterosis obtained from an experimental station with an almost contemporary experiment in the commercial farms, the estimates were remarkably the same for total litter size and number born alive, but lower in the commercial farms than in the experimental station for litter size at weaning, as commented by Brun and Saleil (1994).

The analysis of the parameters of the cross through time enables us to understand the pattern of differences between the lines and the crossbreds, but not the differences between the lines and between the crossbreds over time. To do so, it is necessary to carry out contemporary comparison among animals (pure or crossbred) representing different stages of the programme. Such a comparison was made by Tudela et al. (2003) and Costa et al. (2004). The maternal lines involved in the experiment of Tudela et al (2003) in France were A1007 (at the 30th generation of selection) and the control line A9077; both lines were crossed with another French maternal line at its current generation. The difference in total litter size between both types of crossbred does was 1.43, a little higher than the expectation from selection of the line A1077 (1.12). In the experiment of Costa et al (2004) in Spain, the maternal lines were A and V and line A was at two different generations of selection. In this experiment, the crossbred does resulted from mating does of V line to bucks of A line, while crossbred young were the progeny resulted from crossing of crossbred does with bucks of R line. Two types of crossbred animals called H1 and H2 were compared where H1(H2) does came from the cross of bucks of generation 16 (29) of line A with females of generation 26 of line V. The progenies of H1(H2) were obtained by mating does H1(H2) to bucks of generation 6(18) of line R. The old generations were conserved as frozen embryos and thawed and transferred to produce adults contemporary to the current generations. Results of this Spanish experiment could be summarized as: (1) All responses in litter size and daily gain were in favour of current crossbreds since differences in total litter size, number born alive and number at weaning were 0.83, 1.16 and 0.74, respectively, (2) Responses were higher than expected from the responses evaluated in the pure lines; for example, the expected response in litter size at weaning was 0.55, (3) In contrast, responses in crossbred progenies were lower than expected, (4) Response for post-weaning daily gain was 0.6 g/d although the expected response was 2.4 g/d, and (5) No responses were obtained for daily feed intake and conversion index but the consumption was expected to increase and the conversion index decrease. The authors of this experiment have no explanations for results concerning growth traits, and suggest that they could be a consequence of the type of feed used in that time to control a new disease spread all over Europe, called epizootic enterocolitis, that can have different effects on growth of the animals depending on the genetic type source.

3.12 Animal model methodology to be used in genetic evaluation of animals:


 In recent years, genetic evaluation of rabbits for traits of economic importance was most often performed using animal model that requires good estimates of variance components (Ferraz et al. 1991&1992; Baselga et al. 1992;  Lukefahr, 1992; Reverter et al., 1994; Hassan, 1995; Khalil et al, 2000). The animal model (AM) has many desirable properties such as: 

(1) Animal model using the information from all known relationships among animals is used to predict the genetic merit of each animal (Van Raden and Wiggans, 1991;   Lukefahr, 1992).

(2) In animal model, a simultaneous evaluation of dams and sires in which the genetic merit of all relatives plus the animal’s own performance will be obtained, i.e. animal’s genetic merit will be attained (Westell and Van Vleck, 1987; Meyer, 1989; Boldman and Freeman, 1990; Boldman et al, 1995). Often, individuals with records or without records can be evaluated quite accurately through performance of their relative’s information in case of BLUP estimated by the animal model (Lukefahr, 1992; Freeman, 1988).

(3) Evaluations using an animal model are more accurate relative to other methods because they considered the genetic merit of all relatives and they adjust for the genetic merit of an animal’s mates (Lukefahr, 1992; Sabra, 1998).

(4) Animal model has the properties of minimum predicted error variance (PEV) and unbiased if the model is correctly specified (Van der Werf et al, 1994).

(5) In rabbits, common and/or permanent environments could be obtained by using the animal model procedure (Ferraz et al, 1991&1992; Baselga et al, 1992; Hilmy, 1998; Sabra, 1998).

(6) Solutions of the animal model are obtained by a process of repeated calculations called iteration, and solving the equations by iteration is much more economical procedure computationally than using inversion of matrix (John et al, 1984).

(7) The animal model simultaneously evaluates does and sires using all their ancestors’ relationships (Henderson, 1984). In rabbits, this means that every animal known in a given pedigree is used to evaluate both does and sires (Hilmy, 1998; Sabra, 1998; Youssef et al., 2000). This increases the accuracy of evaluations and consequently an explanation for the difference between the animal model and the sire model could be attained.

(8) Using an animal model with full pedigree information available on each candidate for selection could lead to a higher genetic progress than other candidates without pedigree (Wiggans and Van Raden, 1990).

(9) The use of mixed model procedures under an animal model with the complete relationship matrix lead to a prediction for breeding values with no detectable bias when selection operated over several generations (Sorensen and Kennedy, 1986; Wiggans and Misztal, 1987).

(10) Animal model allows for all relatives to contribute to an animal evaluation, thus providing the most accurate estimates for the genetic merit (Wiggans et al, 1988).

(11) Evaluations made with an animal model lead to get the best linear unbiased predictions (BLUP), i.e. to get the transmitting abilities of animals (Wiggans, 1991).

 (12) Estimations for the breeding values could be obtained not only for sires and dams and base animals, but also for young animals with progeny records on the basis of their genetic relationships (Boldman et al., 1995).

(13) In animal models, coefficients for each animal can be calculated from the available pedigree information using the method described by Quaas (1976).

4.  MATERIAL AND METHODS

4.1 Animals and breeding plan to synthesize maternal and paternal lines:

Eighty pedigreed does and sixteen bucks of the V-line rabbits were imported from Valencia University, Spain in September 2000. Four-year crossbreeding project was started in September 2000 in the experimental rabbitry, College of Agriculture and Veterinary Medicine, El-Qassim region, King Saud University to develop two maternal lines of rabbits in Saudi Arabia. Rabbits used in this project represent one desert breed (Saudi Gabali, S) and one exotic breed (Spanish V-line, V). To form the first synthetic maternal line (named Saudi 1), Saudi bucks were crossed with does of V line to get the F1 cross (½S½V), then does and bucks of F1 cross were mated to get F2 of (½S½V)2 and then inter-se mating of F2 was practiced to get three generations thereafter (Figure 1). The second synthetic maternal line (named Saudi 2) was being developed through crossing Saudi Gabali bucks and V line does to get the F1 cross (½S½V), then does of F1 cross were backcrossed with bucks of V line to get ¾V¼S and then the progeny of the backcross were inter-se mated for three generations to get (¾V¼S)2 as shown in Figure 2. To develop the paternal line (named Saudi 3), V-line bucks were crossed with Saudi does to get the F1 cross of ½V½S, then does of F1 cross were backcrossed with Saudi bucks to get ¾S¼V and then the progeny of the backcross were inter-se mated for three generations to get (¾S¼G)2 as shown in Figure 3. The bucks were randomly assigned to mate the does naturally with the restriction to avoid the matings of animals with common grandparents. The bucks were randomly assigned to mate the does naturally with the restriction to avoid the matings of animals with common grandparents. Purebred matings also practiced in V-line and Saudi rabbits to get unselected genetic groups of V-line and Saudi rabbits (control population). 
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Figure 1: Diagram to show synthesizing the first maternal line (Saudi 1) from crossing of V-line rabbits with Saudi Gabali rabbits.
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Figure 2: Diagram to show synthesizing the second maternal line (Saudi 2) from crossing of V-line rabbits with Saudi Gabali rabbits.
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Figure 3: Diagram to show synthesizing the paternal line (Saudi 3) from crossing of V-line rabbits with Saudi Gabali rabbits.

The breeding plan in the project permitted simultaneous production of ten genetic groups as shown in Table 4. Distributions of litters born and weaned in these genetic groups across different years of kindling are also presented in Table 4. A total number of 2441 litters were born by 854 does, fathered by 142 sires and mothered by 351 dams. The numbers of rabbits after weaning obtained in each group are presented in Table 5. A total number of 10178 rabbits fathered by 106 sires and mothered by 621 dams were used. 

Table 4: Number of litters born and weaned in different genetic groups
	Sire genetic group
	Dam genetic group
	Doe genetic group
	Ordinal number

(G)
	Litters born
	Total litters weaned

	V-Line  (V)
	V-Line  (V)
	V-line (V)
	G1
	383
	306

	Saudi (S)
	Saudi (S)
	Saudi (S)
	G2
	287
	248

	V
	S
	½V½S
	G3
	234
	197

	S
	V
	½S½V
	G4
	280
	235

	V
	½S½V
	¾V¼S
	G5
	174
	150

	S
	½V½S
	¾S¼V
	G6
	210
	187

	½V½S
	½V½S
	(½V½S)2
	G7
	82
	69

	½S½V
	½S½V
	(½S½V)2
	G8
	175
	154

	¾V¼S
	¾V¼S
	(¾V¼S)2
	G9
	185
	140

	¾S¼V
	¾S¼V
	(¾S¼V)2
	G10
	431
	355

	
	
	Total
	
	2441
	2041


  + V = V-line; S = Saudi Gabali; Breed of duck listed first.

Table 5: Number of rabbits in each genetic group at 6, 8, 10 and 12 weeks of age

	 Sire genetic group
	Dam genetic group
	Progeny genetic group
	6 weeks
	8 weeks
	10 weeks
	12 weeks

	V-Line  (V)
	V-Line  (V)
	V-line (V)
	1302
	1134
	1037
	929

	Saudi (S)
	Saudi (S)
	Saudi (S)
	1259
	1165
	1116
	1043

	V
	S
	½V½S
	1088
	1011
	968
	888

	S
	V
	½S½V
	1355
	1232
	1153
	1070

	V
	½S½V
	¾V¼S
	828
	746
	711
	668

	S
	½V½S
	¾S¼V
	1091
	988
	929
	865

	½V½S
	½V½S
	(½V½S)2
	316
	295
	277
	255

	½S½V
	½S½V
	(½S½V)2
	771
	734
	699
	671

	¾V¼S
	¾V¼S
	(¾V¼S)2
	486
	444
	428
	407

	¾S¼V
	¾S¼V
	(¾S¼V)2
	1682
	1564
	1490
	1424

	Total
	10178
	9313
	8808
	8220


4.2 Criteria of selection used in synthesizing the maternal and paternal lines:

The animals for all genetic groups were being selected for litter weight at weaning and individual weight at 84 d (12 weeks of age) using a BLUP methodology under an animal model. 

4.3 Management and feeding


Rabbits were raised in a semi-closed rabbitry. Breeding does and bucks were housed separately in individual wired-cages. All cages are equipped with feeding hoppers and drinking nipples. In the rabbitry, the environmental conditions were monitored; temperature ranged from 20 to about 32 (C, the relative humidity ranged from 20 to 50 % and photoperiod was 16L: 8D. Young rabbits were weaned at four weeks of age. At the time of breeding, each doe was transferred to the cage of her assigned buck for mating and returned to her own cage after being mated. Each doe was palpated 15 days thereafter to determine pregnancy and those failed to conceive were returned to the same mating-buck. Does were mated from the same assigned bucks 10 days after each kindling. On the 25th day of pregnancy, the nest boxes were supplied with wheat straw to help the doe in preparing a warm comfortable nest for the bunnies of her litter. After kindling, litters were checked and recorded.

       Young rabbits were weaned at four weeks, ear tagged, sexed and transferred to standard progeny wire cages arranged in two-tier batteries allocated in two rows along the progeny rabbitry. All cages are equipped with feeding hoppers and drinking nipples.
Rabbits were fed a commercial grower pelleted diet during the whole period. On dry matter (DM) basis, the diet contained 18.5% crude protein (CP), 8.0% crude fiber (CF), 3.0% ether extract (EE) and 6.5% ash.  Feed and water were available ad libitum. 

4.4 Yield and components of milk

4.4.1 Milk yield

           The milk yield of does was recorded at 7, 21 and 28 days of lactation, using weight-suckle-weight method as described by Lukefahr et al. (1983b) and McNitt and Lukefahr (1990). The young rabbits were separated from their dams in the evening to prevent suckling for a period of 12 hours. The kittens and the does were removed in the morning from the nest box, weighted and then placed in the nest box of the doe’s cage. Normally, the doe immediately entered the box, nursed the litter and left within 3 to 5 minutes. The litter and the does were removed promptly, reweighed separately and returned to its own nest box. The average difference between the pre- and post-suckling litter or doe weight estimated the milk yield of the doe.  Milk yield of 2141 litters of 854 does fathered by 142 sires and mothered by 351 dams were used.
4.4.2 Milk components:

      The pups were separated from their mothers in the evening to prevent suckling for a period of 12 hours before sample collection in the morning. Milk was collected manually by gently massaging the mammary gland after two minutes of injection with 0.1ml oxytocin hormone to enhance maximum contraction of myoepithelial cells. Samples were taken at the 15th day of lactation per doe per litter. The samples were cooled and transferred immediately to the laboratory for chemical analysis.  

Milk samples for 1587 litters were analysed for total solids, and ash according to procedures outlined in AOAC (1990). Fat determined by Gerber method as described by Case et al. (1985). Lactose was determined by difference. Nitrogen was determined by the standard micro-Kjeldahl method  (AOAC, 1990). A nitrogen conversion factor of 6.38 was used to calculate protein content.
4.5 Slaughtering experiment and blood sampling:
At 12 weeks of age, a total number of 1387 rabbits fathered by 90 sires and mothered by 621 dams were slaughtered. The numbers of rabbits slaughtered in each genetic group are presented in Table 6. Rabbits were weighed just before slaughtering as well as after complete bleeding. According to criteria and terminology for carcass traits and lean composition cited by Blasco et al (1993), rabbits were dissected for edible parts and non-edible ones. Hot carcasses were weighed and dressing percentages were calculated. The head, fur, giblets (representing heart + liver + kidneys) and viscera of the carcasses were also weighed. For lean composition traits, all carcasses were divided longitudinally into two similar halves. The right half was separated into lean, fat and bone. Lean of each half was separated and prepared for chemical analysis. Dry matter (using an air-evacuated oven for 16 h), crude protein (N × 6.25), ether extract and ash in the lean were determined according to the AOAC (1990).

At the slaughtering time, blood samples were taken from 1387 animal, centrifuged and plasma samples were separated, then stored at –15 Cº. Blood parameters were determined in the plasma samples using commercial kits (Biomerieux, France). These plasma parameters included total proteins (TP), albumin (ALB), globulin (GLOB), albumin: globulin ratio (AGR), total lipids (TL), cholesterol concentration (CH), and cholesterol index (CI, i.e. cholesterol lipid ratio). Concentrations of protein, albumen and globulin were recorded as g per 100 ml of blood, while concentrations of cholesterol and total lipids were recorded as mg per 100 ml.

Table 6: Number of rabbits slaughtered in each genetic group at 12 weeks of age

	Sire genetic group
	Dam genetic group
	Progeny genetic group
	Number of rabbits slaughtered
	Number of rabbits used in meat chemical analyses

	V-Line  (V)
	V-Line  (V)
	V-line (V)
	138
	117

	Saudi (S)
	Saudi (S)
	Saudi (S)
	188
	166

	V
	S
	½V½S
	213
	168

	S
	V
	½S½V
	180
	158

	V
	½S½V
	¾V¼S
	110
	84

	S
	½V½S
	¾S¼V
	152
	104

	½V½S
	½V½S
	(½V½S)2
	34
	22

	½S½V
	½S½V
	(½S½V)2
	107
	95

	¾V¼S
	¾V¼S
	(¾V¼S)2
	39
	33

	¾S¼V
	¾S¼V
	(¾S¼V)2
	226
	181

	Total
	1387
	1128


4.6 Semen collection:


A total number of 1497 ejaculates of 442 bucks were evaluated for semen characteristics. Bucks were housed in individual cages and accustomed to ejaculate with artificial vagina. Two or three ejaculates per buck were collected with two weeks intervals. Once the ejaculate had been collected, the volume (ml) was measured using a graduated tube. The ejaculates with abnormal colours (if there were blood or urine, etc.) were not evaluated. If the ejaculates had gel, they were removed. The samples were placed in an incubator (37 (C) to prevent cold shock. Each ejaculate was evaluated manually and examined microscopy for the following criteria:

1- pH

2- Individual spermatozoa motility (%): Semen was diluted with 2.9% sodium         citrate dihydrate solution (37(C) and was recorded on a subjective scale of 0 to 100% after viewing several microscopic fields.

3- Percentages of live, dead and abnormal sperms were recorded as described by Chememineau et al. (1991). Duplicate smears from each ejaculate were stained with easin-nigrosin stain. A total of 200 spermatozoa were examined randomly (100 in each of the two smears).

4- Sperm cell concentration (X 106/ml) was quantified by direct cell count using the improved Neubauer haemocytometer (Boussit, 1989).

5- Libido of bucks were scored.

4.7 Data collected:

        Data available for the five generations obtained could be categorized as:

4.7.1 Pre-weaning doe and feeding and milking conversion ratios:

Litter size at birth (LSB) and weaning (LSW), litter weight at birth (LWB) and weaning (LWW), pre-weaning litter survival (PLS), total milk yield (TMY), and pre-weaning total (TFC) and daily (DFC) feed consumptions  were recorded. Pre-weaning feed consumption per litter was that the amount of feed consumed by the doe plus her puppies during the pre-weaning suckling period. Milk yields (MY) were recorded during the first seven days (MY7), 7-21 days (MY21), 21-28 days (MY28) and for the total 0-28 days (TMY). Litter weight at birth (LWB) and litter weight at weaning (LWW) were also recorded and milk conversion ratio during the whole lactation period (MCR) was calculated ((LWW-LWB)/TMY). Milk components (g/100g) in terms of fat, protein, lactose, ash and total solids were also estimated. Feed conversion ratios per weight of litter at weaning (FCRLWW) were calculated as kg of feed per kg of litter weight at weaning, while feed to milk conversion ratios (FCRM) were calculated as kg of feed per kg of milk produced. Feed to litter gain conversion ratios (FCRLG) were calculated as the amount of feed consumed divided by pre-weaning litter gain per litter, while milk to litter gain conversion ratios (MCRLG) were calculated as kg of litter gain per kg of milk suckled.

4.7.2 Post-weaning growth and climatic stress parameters:


Live body weights were recorded biweekly at 4 weeks (W4), 6 weeks (W6), 8 weeks (W8), 10 weeks (W10), and 12 weeks (W12) of age, while daily gain in weight were computed at intervals of  4-6 weeks (DG46), 6-8 weeks (DG68), 8-10 weeks (DG810), 10-12 weeks (DG1012), 4-10 weeks (DG410), and 4-12 weeks (DG412) of age. W12 could be used as marketing weight for the Saudi consumers. For the first two years of the project, body weight at 4 weeks of age was not recorded.
Body temperatures at 6 weeks (BT6) and 12 weeks (BT12), ear temperatures at 6 weeks (ET6) and 12 weeks (ET12), and respiration rates at 6 weeks (RR6) and 12 weeks (RR12) of age were recorded as climatic-stress parameters. Body and ear temperatures were measured by digital thermometer, while respiration rates were recorded using stopwatch (breath/min). 

4.7.3 Carcass traits and tissues compositions:

( Pre-slaughter weight (PSW). 

( Hot carcass weight (HCW).

( Dressing percentages (DP).

( Offal weight (OW).

( Lean weight (LW).

( Fat weight (FW).

( Bone weight (BW).

( Meat: bone ratio (MBR).

4.7.4 Meat composition traits:

         ( Dry matter % (DM%).

         ( Crude protein % (CP%).

         ( Ether extract  % (EE%).

         ( Ash % (ASH%).

4.7.5 Blood parameters:

 Protein concentration (gram per 100 ml of blood).

 Albumen concentration (gram per 100 ml of blood).

 Globulin concentration (gram per 100 ml of blood).

 Albumen-globulin ratio.

 Cholesterol concentration (mg per 100 ml of blood).

 Total lipids concentration (mg per 100 ml of blood).

 Cholesterol: total lipids ratio.

4.7.6 Semen characteristics:

Data collected for semen characteristics were available for bucks of all generations. Manual visual microscopic examination of semen traits included: 

          ( Volume of ejaculate in ml (VOL).

          ( pH of semen (pH).

          ( Concentration or count of sperms, x 106/ml (CS) .

          ( Motility of sperms % (MS%).

          ( Percent of abnormal sperms (AS%).

          ( Percent of dead sperms (DS %).

          ( Libido (LIB).

4.8 Models of analysis

4.8.1 Estimation of variance and covariance components and heritabilities:

The variance and covariance components of the random effects were estimated by the derivate-free multiple traits restricted maximum likelihood procedure (DFREML) using the VCE software (Kovač and Groeneveld, 2003). 

The animal model used in analyzing traits of the doe was (in matrix notation):

y= Xb + Zaua + Zpup + e (Model 1)

Where y = vector of observed lactation trait for does, b= vector of fixed effects of genetic group of doe (ten levels; see Table 4), year-season of kindling (one year season every three months), and physiological status of the doe (five levels depending on the parity order and lactation state at the moment of insemination: 1 for nulliparous, 2 for primiparous lactating, 3 for multiparous lactating, 4 for primiparous non-lactating, 5 for multiparous non-lactating); ua= vector of random additive effect of the does and sires, up= vector of random effects of the permanent environment (permanent non-additive effect); X, Za and Zp are the incidence matrices relating records to the fixed effects, additive genetic effects, and permanent environment, respectively; and e= vector of random residual effects. 

The animal model used in analyzing body weights and gains was (in matrix notation):

y= Xb + Zaua + Zcuc + e  (Model 2)

Where y = vector of observed trait for the weaned rabbit, b= vector of fixed effects of genetic group of progeny (ten levels; see Table 4), year-season of birth of the progeny (4 levels for W4, DG46, DG410 and DG412; and 11 levels for the other growth traits),  and parity (three levels: first, second and next); ua = vector of random additive effect of the individual rabbit, uc = vector of random effects of the litter in which the animal was born (non-additive litter common effect); X, Za and Zc = incidence matrices relating the records to the fixed effects, additive genetic effects, and common litter environment, respectively; and e = vector of random residual effects. For analysing thermo tolerance traits, the same previous model was used after deleting the fixed effect of parity.

The animal model (in matrix notation) used for analysing carcass and meat quality traits was:

y= Xb + Zaua + Zcuc + e (Model 3)

Where y = vector of observed trait for the slaughtered rabbit, b= vector of fixed effects of genetic group of slaughtered rabbit (ten levels; see Table 4), and year-season of birth of the slaughtered rabbit (10 levels); ua = vector of random additive effect of the individual rabbit, uc = vector of random effects of the litter in which the animal was born (non-additive litter common effect); X, Za and Zc = incidence matrices relating the records to the fixed effects, additive genetic effects, and common litter environment, respectively; and e = vector of random residual effects. For analysing the blood parameters, the same previous animal model was used after deleting the random effect of the litter in which the animal was born (Model 4). The inverse of the numerator relationship matrix  (A-1) was considered; Var(ua)= A(2a[image: image64.wmf]0
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, Var(uc)= I(2c and Var(e)= I(2e.

The animal model used in analyzing the semen parameters was (in matrix notation):

y= Xb + Zaua + Zpup + e (Model 5)

Where y = vector of observed semen parameter for bucks; b= vector of fixed effects of genetic group of buck (ten levels; see Table 4), year-season of semen collection (one year season every three months); ua= vector of random additive effect of the buck and sires and dams of bucks; up= vector of random effects of the permanent non-additive effect of the buck; X, Za and Zp are the incidence matrices relating records to the fixed effects, additive genetic effects, and permanent environment, respectively; and e= vector of random residual effects. Genetic relationships between individuals were taken into account.
Heritabilities for different traits were computed from variance components estimated by DFREML of the animal model using the following equations:
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Where (2A , (2p , (2c and (2e are variances due to the effects of direct additive effect, permanent environment, common environment and random error, respectively. 

4.8.2 Estimation of breeding values 

          Solutions for equations of animals were computed using the package of Boldman et al (1995) to predict the breeding values of animals (PBV). Predicted breeding values (PBV) for litter weight at weaning and weight at 12 weeks of age were used in selection of animals to be used in subsequent generations. 

4.9 Estimation of crossbreeding genetic parameters:

The REML estimates of the variance components were used to solve the corresponding mixed models applying the procedure of generalised least squares (GLS) and using the PEST package (Groeneveld, 1990). The solutions got for estimable functions Fi (represented as [image: image24.wmf]f

)
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, HI, HM, and RI. Thus, we have five parameters to estimate, that we call vector z, then: 
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Then, X= the matrix relating the solutions of doe genetic group effects with the parameters of crossbreeding (Table 7). Remembering the values of 
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 needed to test the significance of the components of z.
Cii = Estimated variance-covariance error matrix.

Table 7: Coefficients for genetic effects and interpretations of the estimable function (EF) as function of the genetic parameters of the crossesa
	Ordinal number
	Doe genetic group
	EF1
	Direct additive

(DIV-S)
	Maternal

additive

(MDV-S )
	Direct heterosis

(HI)
	Maternal heterosis

(HM)
	Recombination effect  (RI)

	1
	V-line (V)
	F1-F2
	1.0
	1.0
	0.0
	0.0
	0.0

	2
	Saudi (S)
	F2-F2
	0.0
	0.0
	0.0
	0.0
	0.0

	3
	½V½S
	F3-F2
	0.5
	0.0
	1.0
	0.0
	0.0

	4
	½S½V
	F4-F2
	0.5
	1.0
	1.0
	0.0
	0.0

	5
	¾V¼S
	F5-F2
	0.75
	0.5
	0.50
	1.0
	0.25

	6
	¾S¼V
	F6-F2
	0.25
	0.5
	0.50
	1.0
	0.25

	7
	(½V½S)2
	F7-F2
	0.5
	0.5
	0.50
	1.0
	0.50

	8
	(½S½V)2
	F8-F2
	0.5
	0.5
	0.50
	1.0
	0.50

	9
	(¾V¼S)2
	F9-F2
	0.75
	0.75
	0.375
	0.50
	0.375

	10
	(¾S¼V)2
	F10-F2
	0.25
	0.25
	0.375
	0.50
	0.375


a
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) defined as the difference between direct (maternal) additive effects between V-line and Saudi rabbits; HI = individual heterosis; HM = maternal heterosis; RI = losses of genetic recombination.

1 Fi, solution for the ith genetic group of doe.

5- RESULTS AND DISCUSSION

5.1 Actual means and variations

5.1.1 Litter and lactational traits and feed consumption and conversion parameters:

To characterize the experiment phenotypically, means, standard deviations, minimum and maximum values for litter and lactational traits and feed consumption and conversion parameters are presented in Tables 8 and 9. Figures in Table 8 for litter size and weight at birth and weaning showed high size and weight in litter associated with moderate lactational performance, and feed consumption and conversion parameters and litter survival which may be encouraging factors for the rabbit producers in the Arabian Gulf countries to raise V-line rabbits in this area and in other hot climatic areas. Little lower values for litter traits were reported for V-line by Yamani (1994) in Egypt and Testik (1996) in Turkey and much lower values were reported by Khalil and Afifi (2000) and Abd El-Aziz et al (2002) for crossbreeding experiment involving Gabali and New Zealand White rabbits. 


Wide phenotypic variations in all milk traits were observed (Table 8). From the producers point of view, milk yield and milk components showed moderate lactational performances particularly for hot climate areas. MCR was also reasonable (0.74 kg gain per kg of milk suckled). In hot countries, little lower values for milk yield were reported by Ayyat et al (1995) and Khalil and Afifi (2000) and much lower values by Lahari and Mahjan (1984), Khalil (1994) and Abd El-Aziz et al (2002). Cowie (1969) reported that Dutch does (as a small breed) produced less milk in the first six weeks of lactation than New Zealand White does (3820 gram v. 6940 gram). Lukefahr et al (1983b) in USA found that New Zealand White was superior to Californian rabbits in lactational yield. Lahari and Mahajan (1984) in India reported that differences in daily milk yield at 21 days of age among Grey Giant (GG), Soviet Chinchilla (SC), White Giant (WG), New Zealand White (NZW) and Russian Angora (RA) were not significant but GG had the highest yield (189 g. per day) followed by RA (147g.), SC (139g.), WG (134g.) and NZW (116g.). El-Sayiad et al. (1994) with New Zealand White (NZW) and Californian (CAL) rabbits in Egypt stated that the differences between the two breeds in fat, protein, lactose, ash and energy of milk were not significant; the estimates were 14.0, 13.6, 1.9, 2.1% and 87.9 kJ/100g in NZW and 14.0, 14.3, 2.0, 2.2% and 89.9 kJ/100g in CAL for fat, protein, lactose, ash and energy of milk, respectively. 

Discrepancies among reports in different litter traits, milk yields and components, milk conversion ratio, feed consumption and conversion parameters may be due to differences in the strain of breed and experimental methods used or to the presence of breed x environment interaction.

5.1.2 Post-weaning growth performance and thermo tolerance characters

Results in Table 10 describe the performance of post-weaning growth in this project. However, wide phenotypic variations in all traits were observed. The average individual weights were 654 g at weaning and 1147 g at 6 weeks of age which were higher than the values obtained for line V reared in Spain (488 g and 999 g, respectively; García et al. 2000b) and in Turkey (774 at 6 weeks; Testik et al.1999), but the present results are nearly similar to those studies when compared to rabbits at 8 weeks of age (1572 g vs 1569 g; García et al. 2000b). For the average daily gain, V line rabbits in Spain were higher than the crossbred rabbits (36.5 g/day for daily gain between weaning and 8 weeks and 37.9 g/day between weaning and 9 weeks of age; García et al, 2000b).

Table 8: Actual means, standard deviations (SD) and ranges for litter traits, milk yields (grams) and components (g/100g) and milk conversion ratio (kg of litter gain per kg of milk suckled)

	Trait
  Item                                        Abbreviation
	No. of Records
	Mean
	SD
	Minimum
	Maximum

	Litter traits:
	
	
	
	
	

	Litter size at birth
	LSB
	2441
	8.19
	2.74
	1
	16

	Litter size at weaning
	LSW
	2041
	6.82
	2.38
	1
	14

	Litter weight at birth, g
	LWB
	2440
	418.9
	138.3
	25
	800

	Litter weight at weaning, g
	LWW
	2041
	3727.0
	1543.6
	660
	11460

	Pre-weaning litter survival
	PLS
	2041
	82.92
	20.59
	8
	100

	Milk yield traits:
	
	
	
	
	

	First 7 days milk yield, g
	MY7
	2141
	976
	328
	351
	2674

	7-21 days milk yield, g
	MY21
	2141
	2438
	928
	588
	6986

	21-28 days milk yield, g
	MY28
	2141
	934
	332
	14
	2490

	Total milk yield, g
	TMY
	2141
	4331
	1344
	1449
	8533

	Milk conversion ratio
	MCR
	2141
	0.74
	0.137
	0.12
	2.82

	Milk component traits:
	
	
	
	
	
	

	Fat, g/100g
	
	1587
	12.9
	2.3
	4.40
	23.1

	Protein, g/100g
	
	1587
	12.0
	1.5
	3.84
	20.54

	Lactose, g/100g
	
	1587
	2.1
	0.7
	0.29
	9.75

	Ash, g/100g
	
	1587
	2.2
	0.3
	0.76
	4.32

	Total solids, g/100g
	
	1587
	29.1
	3.0
	17.81
	43.57


Table 9: Actual means, standard deviations (SD) and ranges for feed consumption and conversion parameters

	Feed consumption or conversion parameters
        Item                                                                       Abbreviation
	No. of Records
	Mean
	SD
	Minimum
	Maximum

	Pre-weaning total feed consumption, g
	TFC
	1854
	6862
	2126
	1366
	10000

	Pre-weaning daily feed consumption, g
	DFC
	1854
	245.1
	75.9
	49.0
	357.0

	Feed conversion ratios per litter weight at weaning
	FCRLWW
	1853
	2.164
	0.884
	0.310
	8.910

	Feed to milk conversion ratios
	FCRM
	1854
	1.581
	0.689
	0.290
	6.260

	Feed to litter gain conversion ratios
	FCRLG
	1854
	2.582
	1.286
	0.350
	9.770


Actual means for thermo tolerance characters are quite similar as showed in Table 11; no matter the age of the rabbit. Averages for ear and body temperatures were 38.0ºC and 36.4ºC, respectively and the respiratory rate was 124.9 breath/min. Boucher et al. (1996) and Rogers et al. (2004) reported higher body temperature, although this record is very dependent on the ambient temperature of the farm and the year season. Also, Finzi et al. (1992) and Rogers et al. (2004) presented higher respiratory rates than in this experiment. 

The increase in respiration rate enables the rabbits to dissipate the excess body heat by vaporizing more moisture in the inspired air, and the increase in body temperature may be due to the failure of physiological mechanisms to maintain the thermal balance of the animals (Marai et al., 1994&1996). So, the normal temperatures and respiratory rates exhibited by the pure and crossbred rabbits here indicated a functional thermoregulation system.
5.1.3 Carcass and meat quality traits and blood parameters

Results in Tables 12&13 describe the performance of carcass and meat quality traits associated with blood parameters for rabbits slaughtered in this project. Carcass and meat quality traits were changed markedly with the animal’s age or the weight at slaughter. The average weight at slaughter of the rabbits of this experiment was 2343 kg as stated previously by in Table 10. 

Hot carcass weight ranged from 659 to 1899 g with an average of 1293 g (Table 12). Estimates revised by Colin (1999) indicate that carcass weights are varied from one country or region to another to be ranged from 1.0 to 1.8 kg. Ozimba and Lukefahr (1991a) in USA observed a mean of 1.02 kg for hot carcass when rabbits were slaughtered at 2.02 kg. For hot carcass weight of New Zealand White rabbits raised in Egypt, Ayyat et al (1994) reported similar estimate of 1291 g, while Marai et al. (1996) found lower value of 1150 g. 

Table 10: Actual means, standard deviations (SD) and ranges for post-weaning growth performance

	Growth trait
  Item                  Abbreviation
	No. of Records
	Mean
	SD
	Minimum
	Maximum

	Body weight (g):
	
	
	
	
	

	4 weeks
	W4
	3370
	654
	164
	170
	1780

	6 weeks
	W6
	10178
	1147
	259
	250
	2180

	8 weeks
	W8
	9313
	1572
	289
	410
	2530

	10 weeks
	W10
	8808
	1985
	315
	620
	3000

	12 weeks
	W12
	8220
	2343
	330
	800
	3730

	Daily gain in weight (g/d):
	
	
	
	
	

	4-6 weeks
	DG46
	3102
	34.2
	10.8
	0.71
	74.6

	6-8 weeks
	DG68
	9130
	30.3
	10.2
	0.14
	91.8

	8-10 weeks
	DG810
	8558
	30.1
	10.7
	0.21
	95.7

	10-12 weeks
	DG1012
	7897
	26.3
	11.2
	0.14
	93.9

	4-10 weeks
	DG410
	2799
	31.1
	6.7
	0.12
	58.0

	4-12 weeks
	DG412
	2652
	29.5
	5.5
	3.13
	56.7


Table 11: Actual means, standard deviations (SD) and ranges for thermo tolerance characters

	Thermo tolerance character

Item      abbreviation
	No. of Records
	Mean
	SD
	Minimum
	Maximum

	Ear temperature (ºC):
	
	
	
	

	6 weeks
	ET6 
	9212
	38.05
	7.96
	35.6
	39.5

	12 weeks
	ET12
	7791
	38.06
	7.84
	36.0
	39.7

	Body temperature (ºC):
	
	
	
	

	6 weeks
	BT6
	9267
	36.45
	7.71
	34.0
	39.0

	12 weeks
	BT12
	8022
	36.41
	8.27
	34.0
	39.0

	Respiration rate (breath/min):
	
	
	
	

	6 weeks
	RR6 
	9267
	124.9
	12.6
	80
	156

	12 weeks
	RR12
	8021
	124.9
	12.6
	80
	156


The dressing out percentage averaged 53% across all genetic groups (Table 12). This percentage is comparable to Afifi et al. (1994) in Egypt for Baladi Red rabbits slaughtered at 12 weeks of age, while Ozimba and Lukefahr (1991a) in USA and Feki et al. (1994) and Lobera et al. (2000) in Spain obtained higher values for dressing out percentages in rabbits slaughtered at 71 or 63 days of age. These variations may be attributed to that breeds and times of slaughter used in each experiment were different, the change in allometric coefficients and the carcass yield seems to be increased until 91 days (Dalle Zotte and Ouhayoun, 1995). 

Meatiness expressed as meat bone ratio was 3.62 (Table 12). Szendrö et al. 1996) in Hungary found that the best ratios of meatiness were obtained from rabbits weighted in the range from 3.2 to 3.4 kg. Dal Bosco et al. (2000) showed higher meat-bone ratio in rabbits reared in cages (5.34) and rabbits reared in indoor pens (4.33). Pla et al. (1998) found that meat-bone ratio of V line was 4.56 when the rabbits were slaughtered at nine weeks of age.

Table 12: Actual means, standard deviations (SD) and ranges for carcass and meat quality traits

	Trait

   Item                                      Abbreviation
	No. of Records
	Mean
	SD
	Minimum
	Maximum

	Carcass traits:
	
	
	
	
	

	Hot carcass weight (g)
	HCW
	1387
	1293
	194
	659
	1899

	Dressing percent (%)
	DP
	1387
	53.0
	3.0
	41
	61

	Offal weight (g)
	OW
	1387
	100
	22.3
	54
	209

	Tissues composition in the carcass:
	
	
	
	
	

	Meat weight (g)
	MW
	1387
	907
	151
	450
	1346

	Fat weight (g)
	FW
	1383
	28.9
	16.1
	2
	94

	Bone weight (g)
	BW
	1387
	261.1
	61.4
	107
	538

	Meat to bone ratio                                       
	MBR
	1387
	3.62
	0.88
	1.94
	9.33

	Chemical composition of the meat:
	
	
	
	
	

	Moisture, %
	MP
	1128
	71.3
	1.86
	64
	79.8

	Dry matter, %
	DM
	1128
	28.7
	1.91
	22.3
	36

	Crude protein, %
	CP 
	1028
	21.77
	1.84
	15.51
	28.68

	Ether extract, %
	EE
	1027
	4.45
	1.80
	0.31
	16.6

	Ash, %
	Ash
	1128
	2.61
	1.25
	0.36
	4.94


Fatness expressed as percentage of dissectible fat (28.9g) across all genetic groups was found to be 2.2% relative to the hot carcass weight (Table 12).  For fatness, Feki et al. (1994) in Spain reported similar values of 15.9 and 5.3 g of perirenal fat weight and scapular fat weight for V line slaughtered at an average weight of 2033 g. Blasco et al (1993) indicated that the percentage of dissectible fat ranged from 3 to 6% of the carcass. 

Data corresponding to meat quality traits are described in Table 12. A total of 1128 rabbits were dissected to be chemically analysed. Figures of meat quality gave an impression to that rabbit meat could be appreciated for its high nutritional and dietetic properties since ether extract in the lean was low (4.45 %) and protein content was high (21.8%) as shown in Table 12. Pla et al. (1998) chemically analysed four carcass portions in V-line rabbits and found that fat percent in foreleg, Longissimus dorsi, abdominal wall, and hind leg was 6.89%, 0.90%, 5.66% and 3.45%, respectively, while the protein was always lower than the values in our study; no matter the carcass portions. However, Parigi Bini et al. (1992) reported that meat rabbit are high in unsaturated lipids (60%), high in amino acids of high biological values, poor in cholesterol and sodium, and rich in potassium, phosphorous and magnesium. 

Estimates of different blood parameters obtained here (Table 13) were of normal limits and similar to those obtained by El-Darawany and Farghaly (1999) for Bouscat rabbits raised in Egypt.

5.1.4 Semen characteristics


Data corresponding to semen quality traits were evaluated for 1497 records. Results in Table 14 describe the semen performance of bucks raised in this project.  Most estimates showed remarkable variability particularly in percentages of sperm motility and count of sperms.  Estimates of different semen parameters obtained in the project (Table 14) were of normal limits and similar to those obtained by Kuzminsky et al. (1996), Luzi et al (1996), Minelli et al (1996), Alvrino et al (2000), Moce et al (2000), Arroita et al (2000) and Al-Sobayil and Khalil (2002). 
Table 13: Actual means, standard deviations (SD) and ranges for blood parameters 

	Blood parameter

                  Item                                   Abbreviation
	No. of Records
	Mean
	SD
	Minimum
	Maximum

	Total protein, g per 100 ml
	TP
	1371
	7.89
	2.03
	2.37
	15.64

	Albumen, g per 100 ml
	ALB
	1371
	4.28
	1.58
	0.47
	9.17

	Globulin, g per 100 ml
	GLOB
	1371
	3.62
	2.40
	0.23
	11.25

	Albumen: globulin ratio
	AGR
	1371
	2.22
	2.31
	0.06
	13.94

	Cholesterol, mg per 100 ml
	CH
	1371
	131
	44
	17
	240

	Total lipids, mg per 100 ml
	TL
	1371
	445
	129
	126
	948

	Cholesterol index
	CI
	1371
	31.6
	15.1
	5
	97.1


Table 14: Actual means, standard deviations (SD) and ranges for semen characteristics

	Semen character

                      Item                                                    Abbreviation
	No. of Records
	Mean
	SD
	Minimum
	Maximum

	Volume of ejaculate in ml
	VOL
	1497
	0.63
	0.32
	0.1
	1.5

	pH of semen
	PH
	1497
	7.5
	2.4
	5.5
	9.0

	Concentration or count of sperms, x106 per ml
	CS
	1442
	434
	204
	5.0
	1080

	Motility of sperms, %
	MS %
	1456
	65.7
	28.3
	5.0
	95.0

	Percent of abnormal sperms
	AS %
	1482
	14.6
	6.2
	0
	45.0

	Percent of dead sperms
	DS %
	1466
	8.1
	3.8
	0
	40.0

	Libido score
	LIB
	1424
	4.4
	1.4
	1.0
	5.0



The overall means of semen parameters reported here were almost double to those values reported by Vicente et al. (1996) for line R, while they lower than those reported for Garcia et al (2004) for two sire lines raised in Spain.

5.2 Global differences among genetic groups

Deviations of each genetic group from the Saudi Gabali rabbits (Gi-G2) for different traits are interesting to show the global performances for V-line, Saudi breed and their different crosses in order to identify the possibilities of using these rabbits as a pure stock or as a simple cross or to be used as a synthetic line.

5.2.1 Litter and lactational traits and feed consumption and conversion parameters

Deviations of each genetic group from the Saudi rabbits (Gi-G2) for different litter traits, milk yields (grams) and components (g/100g), milk conversion ratio and feed consumption and conversion parameters (Tables 15&16&17) indicate that involving V-line genes in crossbreeding program with local rabbits in hot climate countries was associated with an improvement in the litter and lactation performances and feed consumption and conversion parameters of the crossbred does obtained.

V-line does had larger litter sizes, heavier litter weights, lesser feed consumptions, and favourable feed or milk conversion ratios compared to Saudi does (Table 15). These results were expected and reflected the superiority of V-line rabbits in fertility, maternal behavior, milk production, pre-weaning growth and survival. For these aspects, it is necessary to identify the genetic aspects of littering and lactational performances and feed consumption and conversion parameters in Saudi breed taking into account the genetic association between litter traits, milk yield and feed consumed and other pre-weaning litter and growth traits.

Table 15: Deviations of each genetic group from Saudi rabbits (Gi-G2)+ for litter size and weight at birth and weaning and pre-weaning litter survival

	Litter trait+
	Average of Saudi
	G1-G2
	G3-G2
	G4-G2
	G5-G2
	G6-G2
	G7-G2
	G8-G2
	G9-G2
	G10-G2
	Significance

	LSB, young
	7.44
	1.19
	1.08
	1.12
	1.1
	0.99
	0.71
	0.69
	0.02
	0.03
	**

	LSW, young
	6.0
	1.02
	0.35
	1.45
	1.19
	1.54
	1.04
	1.4
	0.08
	0.90
	**

	LWB, g
	393.6
	26.9
	41.1
	53.7
	41.7
	39.9
	13.8
	29.9
	4.4
	12.9
	**

	LWW, g
	3431
	29.9
	554
	588
	136
	578
	167.0
	192
	37
	260
	**

	PLS, litter
	80.15
	0.5
	4.7
	7.2
	2.8
	9.1
	5.5
	8.4
	6.3
	11.9
	*


+ See Table 4 to identify different genetic groups used.

++ Abbreviations of the traits were defined in Table 8.

*= P<0.05; *= P<0.01.

Table 16: Deviations of each genetic group from Saudi rabbits (Gi-G2)+ for milk yields (grams) and components (g/100g) and milk conversion ratio (kg of litter gain per kg of milk suckled)

	Milk trait+
	Average of Saudi
	G1-G2
	G3-G2
	G4-G2
	G5-G2
	G6-G2
	G7-G2
	G8-G2
	G9-G2
	G10-G2
	Significance

	Milk yields:
	
	
	
	
	
	
	
	
	
	
	

	MY7
	976
	17
	8
	12
	38
	35
	16
	91
	111
	118
	**

	MY21
	2438
	169
	175
	37
	117
	165
	115
	33
	170
	195
	**

	MY28
	934
	131
	120
	180
	85
	208
	113
	70
	139
	123
	**

	TMY
	4331
	542
	831
	627
	476
	929
	575
	493
	535
	753
	**

	MCR
	0.74
	-0.20
	-0.15
	-0.10
	-0.12
	-0.10
	-0.22
	-0.08
	-0.20
	-0.18
	**

	Milk components:
	
	
	
	
	
	
	
	
	
	

	Fat
	12.9
	1.1
	0.8
	0.8
	0.7
	0.6
	0.4
	1.1
	1.7
	2.0
	**

	Protein
	12.0
	0.6
	0.5
	0.3
	0.1
	0.1
	-0.01
	0.2
	0.8
	0.9
	**

	Lactose
	2.1
	0.09
	0.7
	0.6
	0.12
	0.1
	0.34
	0.11
	0.35
	0.36
	**

	Ash
	2.2
	-0.02
	0.02
	0.1
	-0.07
	-0.01
	-0.07
	0.05
	-0.07
	-0.01
	*

	Total solids
	29.1
	1.8
	2.3
	1.6
	1.1
	0.9
	0.5
	1.7
	3.0
	3.5
	*


+ See Table 4 to identify different genetic groups used.

++ Abbreviations and units of measure for the traits were defined in Table 8.

*= P<0.05; *= P<0.01.

Table 17: Deviations of each genetic group from Saudi rabbits (Gi-G2)+ for feed consumption and conversion parameters

	Feed consumption and conversion parameter++
	Average of Saudi
	G1-G2
	G3-G2
	G4-G2
	G5-G2
	G6-G2
	G7-G2
	G8-G2
	G9-G2
	G10-G2
	Significance

	TFC
	6471
	-491
	826
	1008
	1005
	1074
	621
	851
	555
	883
	**

	DFC
	231
	-17
	30
	36
	37
	38
	29
	31
	20
	32
	**

	FCRLWW
	1.95
	0.11
	0.23
	0.26
	0.42
	0.13
	0.52
	0.16
	0.62
	0.45
	**

	FCRM
	1.73
	-0.38
	-0.16
	-0.04
	0.06
	-0.13
	-0.19
	-0.05
	-0.12
	-0.14
	**

	FCRLG
	2.27
	0.25
	0.29
	0.32
	0.58
	0.16
	0.74
	0.19
	0.88
	0.59
	**


+ See Table 4 to identify different genetic groups used.

++ Abbreviations and units of measure for the traits were defined in Table 9.

**= P<0.01.

Deviations of each genetic group from Saudi rabbits (Gi-G2) for different milk traits are presented in Table 16. These deviations are interesting to show the global performance of the V-line, the Saudi Gabali breed and their different crosses in order to identify their possibilities to be used as pure stock or as a simple cross or to be used as synthetic line. For all milk traits, V-line rabbits recorded better lactational performance compared to Saudi rabbits (Table 16). 

Clear differences among the ten genetic groups were notified for fat, protein and total solids in milk. The highest percentages of total solids (fat, lactose and protein) were recorded for (¾S¼V)2 group (31.0 %), while the least values were recorded for Saudi rabbits (27.3%). In most cases (MY7, MY21, MY28 and TMY), genetic group of (¾V¼S)2 or (¾S¼V)2 gave higher milk yield and components compared to the other genetic groups (Table 16). 

The best genetic group in conversion ratio of milk to litter-gain (0.67 kg/kg) was ¾V¼S group, while the least group was Saudi rabbits (0.84 kg/kg). The above-mentioned results indicate that involving V-line genes in crossbreeding program with Saudi Gabali rabbits was associated with an improvement in the lactational performance of the crossbred does obtained.

Litter and lactation traits in the eight genetic groups of crossbred does ranged from 7.15 to 8.56 young for LSB, 6.08 to 7.54 young for LSW, 389 to 447 g for LWB, 3294 to 4019 g for LWW, 75.4 to 89.2 % for PLS, 4657 to 5110 g for TMY, and 0.59 to 0.73 for MCRLG (Figures 4 up to 7). Clear differences among these eight groups of crossbred does were notified for litter and lactation traits as shown in Tables 15&16. In general, groups of ½S½V and ¾S¼V recorded the highest performances in LSB, LSW, LWB, and LWW, while groups of ¾S¼V and (¾S¼V)2 recorded the highest litter survival and milk yield. The least values in litter traits were recorded for group of (¾V¼S)2. For New Zealand White (as a popular commercial dam breed, NZW) and crossbred rabbits involving Altex (as a developed sire breed in USA), results of Medellin and Lukefahr (2001) for LSW, LWW and survival rate revealed that both LSW and LWW in Altex-dammed and NZW-dammed litters were similar. 
Rates of feed consumption per litter in different crossbred does were moderate and ranged from 7.026 to 7.545 kg during the suckling period (TFC) and 250 to 278 g daily (DFC) although feed conversion ratios favourable and ranged from 2.08:1 to 2.57:1 for FCRLWW, 1.54:1 to 1.79:1 for FCRM, and 2.43:1 to 3.15:1 for FCRLG (Table 17 and Figures 8&9). Crossbred does of ¾S¼V recorded relatively higher feed consumption but with favourable feed conversion ratios compared to the other crossbred doe groups (Figure 8). On the other hand, crossbred doe groups of (¾V¼S)2 recorded the lowest feed consumption per litter (about 250 g daily) but with lesser conversion ratios of feed to litter gain. Many reviewed studies (e.g. Grobner et al., 1985; Medellin and Lukefahr, 2001) reported a range of feed conversion ratio of 2.4:1 to 5.5:1 for different breeds such as New Zealand White, Altex, Palamino and Chincilla Giant Rabbits. As stated before, Medellin and Lukefahr (2001) in USA found that Altex-sired litters gave an increase in feed efficiency (total litter gain per litter feed intake) by 1.28 kg compared to NZW-sired litters (P<0.01). 
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5.2.2 Post-weaning growth performance and thermo tolerance characters
Deviations of each genetic group from Saudi Gabali rabbits (Gi-G2) for different post-weaning growth traits indicate that V-line rabbits were heavier in some body weights and gains and lighter in others compared to Saudi rabbits (Table 18). These results showed good performance of Saudi rabbits in post-weaning growth and reflecting also the fact that involving V-line genes in crossbreeding program with local rabbits in hot climate countries was associated with an improvement in post-weaning growth performance of the crossbred rabbits obtained. For the eight crossbreds of the present study, post-weaning growth performance were higher than crossbreds involving V-line or Gabali rabbits in the Arabian areas (Abdel-Aziz, 1998; Ali, 1998; Khalil and Afifi, 2000); figures ranging from 622 to 668 g for W4, 1100 to 1206 g for W6, 1536 to 1622 g for W8, 1948 to 2056 g for W10, 2293 to 2413 g for W12 (Figure 10), 20 to 32.6 g for DG46, 28.9 to 30.4 g for DG68, 28.1 to 30.2 g for DG810, 23.1 to 25.7 g for DG1012, 20.6 to 25.3 g for DG410, and 18.5 to 22.5 g for DG412 (Figure 11). 

Clear differences among the eight groups of crossbreds for post-weaning growth performance were notified (Table 18 and Figures 10&11). In general, groups of ¾V¼S and (½S½V)2 were the highest in growth performance, while group of ½S½V was the lowest. Medellin and Lukefahr (2001) with Altex and New Zealand White (NZW) and their crosses in USA found that body weighs at weaning at 28 day (WW) and at marketing at 70 day (MW) and average daily gain during this period (ADG) in Altex-sired rabbits relative to NZW-sired rabbits were increased by 40g (P<0.10), 2.5 g/d and 152g (P<0.001) in WW, ADG and MW, respectively. In straight bred Altex rabbits compared to NZW, ADG and MW were increased by 3.6g/d and 216g, respectively (P<0.001), while WW, MW and ADG were heavier (55, 218g and 4.2g/d; P<0.10 and <0.001) in Altex-sired crossbred rabbits compared to NZW rabbits. Gomez et al. (1999b) with tri-allelic crossbreeding experiment carried out in Spain using two maternal lines (line V and line A) and one paternal line (line R) found that body weights and gains from 32 to 60 days in lines V and A and their crosses were the lightest, while line R and his crosses were the heaviest. 

Deviations of each genetic group from Saudi Gabali rabbits (Gi-G2) for different post-weaning thermo tolerance characters at 6 and 12 weeks of age show that differences among the genetic groups in body and ear temperatures and respiration rates were very limited (Table 19 and Figures 12&13). Data reported herein are in accordance with those reported by Khalil et al (2002) for another set of data for V-line and Saudi rabbits.

Table 18: Deviations of each genetic group from Saudi Gabali rabbits (Gi-G2)+ for post-weaning growth traits

	Growth trait++
	Average of Saudi
	G1-G2
	G3-G2
	G4-G2
	G5-G2
	G6-G2
	G7-G2
	G8-G2
	G9-G2
	G10-G2
	Significance

	Body weight (g):
	
	
	
	
	
	
	
	
	
	

	W4
	612
	7
	23
	10
	31
	21
	36
	25
	47
	56
	**

	W6
	1041
	48
	124
	59
	148
	138
	165
	104
	108
	129
	**

	W8
	1438
	109
	158
	98
	188
	161
	193
	121
	134
	147
	**

	W10
	1826
	172
	169
	137
	230
	171
	222
	122
	143
	174
	**

	W12
	2256
	149
	109
	76
	129
	94
	157
	37
	57
	88
	*

	Daily gain in weight (g/d):
	
	
	
	
	
	
	
	
	

	DG46
	30.6
	-8.4
	-7.0
	-2.9
	0.4
	5.6
	3.1
	0.2
	5.7
	3.9
	**

	DG68
	28.4
	3.2
	2.5
	2.3
	2.6
	1.3
	1.5
	1.4
	1.9
	1.1
	*

	DG810
	27.7
	3.7
	0.7
	2.3
	2.7
	0.6
	1.6
	0.0
	0.7
	1.8
	*

	DG1012
	30.7
	4.9
	2.4
	2.8
	2.3
	1.4
	0.2
	0.9
	1.5
	1.2
	NS

	DG410
	28.9
	-6.9
	-3.3
	-2.1
	1.0
	1.4
	-1.5
	-0.7
	-0.2
	0.3
	**

	DG412
	29.4
	-5.7
	-3.6
	-2.5
	-4.0
	-0.6
	0.4
	-0.9
	-1.1
	-0.6
	**


+ See Table 5 to identify the genetic groups used.

++ Abbreviations of the traits were defined in Table 10.

NS= Non-significant; *= P<0.05; *= P<0.01.
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Table 19: Deviations of each genetic group from Gabali rabbits (Gi-G2)+ for thermo tolerance characters

	Thermo tolerance character++
	Average of Saudi
	G1-G2
	G3-G2
	G4-G2
	G5-G2
	G6-G2
	G7-G2
	G8-G2
	G9-G2
	G10-G2
	Significance

	Ear temperature (ºC):
	
	
	
	
	
	
	
	
	

	ET6 
	38.14
	0.02
	0.08
	-0.01
	-0.18
	-0.08
	-0.31
	-0.21
	-0.14
	-0.19
	NS

	ET12
	38.15
	0.19
	0.05
	-0.02
	-0.03
	-0.03
	-0.07
	-0.15
	-0.10
	-0.10
	NS

	Body temperature (ºC):
	
	
	
	
	
	
	
	
	

	BT6
	36.49
	0.05
	0.07
	-0.02
	-0.16
	-0.12
	-0.16
	-0.25
	-0.20
	-0.22
	NS

	BT12
	36.45
	0.01
	0.04
	0.02
	-0.04
	0.0
	-0.12
	-0.16
	-0.09
	-0.13
	NS

	Respiration rate (breath/min):
	
	
	
	
	
	
	
	
	

	RR6 
	126.0
	-1
	-2
	-1
	-1
	-2
	-2
	-2
	-1
	-1
	NS

	RR12
	125.0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	NS


+ See Table 5 to identify the genetic groups used.

++ Abbreviations of the traits were defined in Table 11.

NS= Non-significant.
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5.2.3 Carcass and meat quality traits and blood parameters

Deviations of each genetic group from Saudi Gabali rabbits (Gi-G2) for carcass traits and meat quality are presented in Table 20. In most cases, carcass traits (HCW and OW), tissues compositions (MW, BW, and MBR) and meat quality traits (DM and ash) were in favour of the genetic group of (¾S¼V)2 relative to the other groups (Figures 14&15). Also, level of total protein in blood of this genetic group (8.5 g per 100 ml) was higher and the cholesterol level was lower (63 mg per 100 ml) associated with the best cholesterol index (41.1) relative to the other genetic groups (Table 21 and Figures 16&17). 

Crossbred rabbits have shown some advantages over the purebreds in terms of carcass weight (Table 20 and Figure 14). Bianospino et al (2004a&b) in Brazil recommended that crossbred rabbits could be used to produce retail cuts and carcass because these products provided heavier carcasses and loins without increased fatness. Metzger et al (2004b) in Hungary with Pannon White (P), Pannon Ka (PK), Hycole (H), Zika (Z) rabbits and their crossbreds reported that the most important carcass traits were advantageous in P rabbits and the highest dressing out percentages (P<0.001) were in genetic groups of PK (61.1%) and P (60.7%), and the lowest percentages were in H rabbits (58.9%; P<0.05).

Differences among the ten genetic groups in dressing percentages (DP) were limited (Table 20). The digestive tract develops early (Pla et al, 1996), thus line V of the present study shows a lower DP at the same pre-slaughter weight than the crossbred rabbits. 

Offal of the crossbred rabbits was slightly heavier than in V-line rabbits (Table 20). However, liver and heart (offal) are organs of early development and animals with high growth rate also have an earlier development (Gomez et al, 1998b). Gomez et al (1998b) also found that liver and heart weights in rabbits of line R were higher than in line V. 

Table 20: Deviations of each genetic group from Saudi Gabali rabbits (Gi-G2)+ for carcass and meat quality traits

	Trait++
	Average of Saudi
	G1-G2
	G3-G2
	G4-G2
	G5-G2
	G6-G2
	G7-G2
	G8-G2
	G9-G2
	G10-G2
	Significance

	Carcass traits:
	
	
	
	
	
	
	
	
	
	

	HCW
	1194
	110
	103
	95
	121
	131
	124
	46
	145
	155
	**

	DP
	53.4
	-1.9
	-0.2
	-0.5
	-0.5
	0.4
	0.1
	-1.6
	-0.5
	-0.4
	NS

	OW
	89.6
	13.9
	11.4
	13.3
	15.8
	11.6
	6.6
	6.9
	9.6
	23.5
	**

	Tissues composition of the carcass:
	
	
	
	
	
	
	
	

	MW
	838.7
	75.0
	64.6
	59.2
	79.3
	86.1
	87.4
	67.1
	93.9
	110.7
	*

	FW
	28.4
	-0.2
	3.6
	-3.5
	-0.2
	-0.8
	-3.5
	-4.4
	2.0
	-0.5
	**

	BW
	241.5
	25.9
	26.2
	15.8
	5.7
	7.1
	38.5
	36.4
	30.8
	43.9
	*

	MBR
	3.61
	-0.07
	-0.06
	-0.02
	0.24
	0.30
	-0.11
	-0.27
	-0.28
	0.34
	NS

	Meat quality:
	
	
	
	
	
	
	
	
	

	MP
	71.4
	1.2
	0.6
	0.2
	-0.1
	-0.3
	-0.9
	-0.9
	-0.6
	-1.0
	NS

	DM
	28.63
	-1.22
	-0.59
	-0.19
	0.14
	0.26
	1.03
	0.98
	0.64
	1.12
	NS

	CP 
	21.8
	-0.7
	0.0
	0.0
	0.7
	0.4
	0.6
	0.1
	-0.4
	0.4
	NS

	EE
	4.98
	-0.29
	-0.47
	-0.6
	-0.99
	-0.45
	-0.63
	-0.99
	-0.73
	-0.83
	NS

	Ash
	1.97
	-0.13
	-0.03
	0.39
	0.75
	0.31
	1.31
	1.99
	1.88
	1.99
	NS


+ See Table 5 to identify the genetic groups used.

++ Abbreviations and units of measure for the traits were defined in Table 12.

NS= Non-significant; *= P<0.05;  **= P<0.01.

Table 21: Deviations of each genetic group from Saudi Gabali rabbits (Gi-G2)+ for blood parameters

	Blood parameters+
	Average of Saudi
	G1-G2
	G3-G2
	G4-G2
	G5-G2
	G6-G2
	G7-G2
	G8-G2
	G9-G2
	G10-G2
	Significance

	TP
	8.19
	-0.48
	-0.1
	-0.49
	-0.3
	-0.43
	0.17
	0.15
	0.18
	0.35
	*

	ALB
	4.4
	0.08
	-0.11
	0.08
	-0.99
	-1.13
	-0.38
	-0.36
	-0.44
	-0.44
	*

	GLOB
	3.79
	0.4
	-0.01
	0.57
	-0.69
	-0.71
	-0.45
	-0.51
	-0.62
	-0.78
	**

	AGR
	2.5
	0.02
	-0.29
	-0.06
	-0.74
	-1.03
	-0.8
	-0.08
	0.54
	-0.89
	NS

	CH
	154
	6.0
	-10.0
	-17.0
	-22.0
	-8.0
	-31.0
	-64.0
	-63.0
	-91.0
	NS

	TL
	447
	6.0
	-11.0
	-1.0
	36.0
	42.0
	42.0
	-47.0
	-66.0
	-38.0
	**

	CI
	42.6
	-5.6
	0.0
	-4.4
	-6.7
	-5.6
	-12.7
	-7.1
	-7.8
	-1.5
	NS


+ See Table 5 to identify the genetic groups used.

++ Abbreviations and units of measure for the traits were defined in Tables 11&12.

NS= Non-significant; *= P<0.05; *= P<0.01.

[image: image75.wmf]Figure 

18

: 

Albumin

:

globulin ratio and cholestrol index 

in blood for different genetic groups

1

1.5

2

2.5

3

3.5

VV

SS

½V½S

½S½V

¾S¼V

¾V¼S

(

½

V

½

S

)

2

(

½

S

½

V

)

2

(

¾

V

¼

S

)

2

(

¾

S

¼

V

)

2

Genetic group

Albumen:globulin ratio

10

15

20

25

30

35

40

45

Cholesterol index

Albumen: globulin ratio

Cholesterol index


[image: image76.wmf]0

1

2

3

4

5

6

7

8

Figure 

19

: 

Volume of ejaculate 

(

ml

)

, pH of semen and 

 libido score of bucks in different genetic groups

VV

0.6

7.22

4.7

SS

0.66

7.58

4.2

½V½S

0.63

7.54

4

½S½V

0.57

7.34

4.2

¾S¼V

0.69

7.64

4.5

¾V¼S

0.5

7.88

4.4

(

½

V

½

S

)

2

0.64

7.42

4.8

(

½

S

½

V

)

2

0.62

7.48

4.5

(

¾

V

¼

S

)

2

0.7

7.53

4.8

(

¾

S

¼

V

)

2

0.64

7.48

4.6

Ejaculate 

Volume 

pH of 

semen

Libido 

score


Results in the literature comparing breeds of large-sized with small-sized and straightbreds with crossbreds for carcass traits are partially not consistent (Lukefahr et al, 1982&1983d; Ozimba and Lukefahr, 1991; Pla et al, 1996; Bianospino et al, 2004a&b) because they are made at different slaughter weights but it can be partially due to true genetic differences between breeds. 

Tissues measurements of the carcass (LW, BW, FW, and MBR) in V-line and crossbred rabbits have shown some differences in favour of crossbreds (Table 20 and Figure 14). In this concept, MBR was improved with the improvement of maturity and consequently crossbred rabbits had better MBR than V-line rabbits (Pla et al, 1996). Although fat content of the carcass in rabbits is low relative to the other animals, fat deposited in the carcass of crossbred rabbits was higher than that in V-line rabbits (Table 20). However, fat is a late developing tissue and its content increases with age. Similar breed differences in fat deposited in the carcass have been found by Gomez et al (1998b) and Metzger et al (2004a&b). Pla et al (1996) in Spain stated that R-line rabbits had a lower fat percentage in the meat than line V. Metzger et al (2004a) in Hungary found that MBR in four genetic groups of Hyplus hybrid, purebred Pannon White rabbits and their crossbreds were nearly similar (about 2.7). For another experiment in Hungary, Metzger et al (2004b) using Pannon White (P), Pannon Ka (PK), Hycole (H), Zika (Z) rabbits and their crossbreds reported significant differences among the genetic groups for fat content of the carcass (P<0.05); the lowest early-matured group was Z (1.4%), while the highest early-matured genetic groups were PK (1.8%) and P (1.8%).

Chemical components of the lean in terms of DM, CP and EE contents were in favour of crossbreds relative to the purebred ones (Table 20 and Figure 15). In Hungary, Metzger et al (2004a) with four genetic groups found that the differences in protein and ash contents of the lean were limited, while fat content in the lean was in favour of the crossbred rabbits.

For blood parameters, deviations of each genetic group from Saudi Gabali rabbits (Gi-G2) have shown clear differences in some of these parameters among the ten genetic groups (Table 21). Blood concentrations (g per 100 ml) in terms of ALB, GLOB, and AGR in V-line rabbits were higher than those in crossbreds (Figures 16&18). But, levels of cholesterol and total lipids (mg per 100 ml) were decreased and cholesterol index was improved in blood of the crossbred rabbits (Figures 17&18). Data reported herein are in accordance with some earlier studies (e.g Desalvo and Naducchi, 1985) for different breeds of rabbits. 
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5.2.4 Semen characteristics


Deviations of each genetic group from Saudi Gabali rabbits (Gi-G2) for semen characteristics are presented in Table 22. In most cases, bucks of S x S matings resulted in better semen characteristics compared to bucks of V x V matings (Table 22). Results of the present study evidenced that Saudi Gabali rabbits had superior performance in semen characteristics compared to V-line rabbits. However, differences between strains in seminal characteristics have also been observed by Vicente et al. (1996) and Garcia et al (2004) in Spain or Brun et al. (2002) in France.

Significant improvements in semen parameters of crossbreds bucks than in purebred ones were recorded in terms of pH, sperms concentration, percentages of motile sperms, abnormal sperms and dead sperms (Table 22). Group of (½V½S)2 recorded the highest rate of dead sperms (9.6%) and higher libido score (4.8) compared to the other genetic groups as shown in Figures 19&20.

Semen characteristics in the ten genetic groups (Table 22 and Figures 19&20&21) verify that some of the semen parameters were improved in crossbreeds comparing with V-line and Saudi Gabali purebreds. Crossbred bucks gave high concentrated semen (Table 22) and this was an improvement in semen parameters especially if one likes to use the semen in artificial insemination. Alvarino et al (1996) stated that the number of does that can be artificially inseminated would increase as the ejaculate concentration increased. Crossbreds showed positive effects on sperm motility (Table 22). As shown in Figure 20, high percentages of motile sperms in group of (½S½V)2 was high (72%) which affect positively the conception rate through the rapid transport of the sperm from the site of insemination into the site of fertilization. The volumes of semen ejaculates for the bucks of the ten genetic groups were high although the semen was collected from bucks at early age (4-6 months). However, the volumes of ejaculates or sperm concentrations in semen are influenced by the age of the bucks. Luzi et al (1996) and Minelli et al (1999) reported a significant effect of age of buck on sperm concentration, libido, ejaculate volume, sperm motility and pH. Arroita et al (2000) stated that young bucks at the beginning of their mating life showed high percentages of cytoplasmic droplets.
The percentages of abnormal sperms in the ten genetic groups (Table 22) were lower than those estimates reported in the other studies (Dubiel et al, 1985; El-Ezz et al, 1985; Castellini, 1996; Alvarino, 2000; Arroita et al., 2000). However, cytoplasmic droplets in different genetic groups were the most common cause of sperm abnormalities. This was expected and not strange thing since bucks of the present study were examined at young age which was four months.   

Significant increments in sperm concentration (Figure 21) and motility of sperms along with a decrease in sperms abnormalities and dead sperms (Figure 20) were recorded in crossbreds than in purebreds. Higher estimates of volume of ejaculate (0.6 ml) in addition with higher motility rates of sperms (70%) and sperms concentration (0.607x106), lower abnormal sperms (11.6%) were noticed in Saudi Gabali rabbit than in the other genetic groups (Figures 19&20). High variations in spermogram parameters could be attributed to breeds variations (Dubiel et al., 1985; El-Ezz et al., 1985). Alvarino (2000) reported wide variations in the figures of semen parameters in some breed groups to be: (1) the volume of semen varies from 0.3 to 0.6 ml depending on secretion of accessory sex glands (gel fractions), (2) sperm concentration ranges from 50 to 500 x 106 / ml, and (3) pH ranges from 6.8 to 8.4 and this is a good index to estimate semen quality. With Black Tan, New Zealand White, New Zealand Red and German Pied Giant, Dubiel et al. (1985) reported significant differences in semen parameters of the four breeds; being 0.68, 0.97, 0.83 and 1.51 ml for volume of ejaculate, 54, 66, 49 and 71% for motility of sperms, 97.6, 309.6, 221.7 and 502.5 for sperm concentration, respectively. 

Table 22: Deviations of each genetic group from Saudi Gabali rabbits (Gi-G2)+ for semen characteristics 

	Semen character++
	Average of Saudi
	G1-G2
	G3-G2
	G4-G2
	G5-G2
	G6-G2
	G7-G2
	G8-G2
	G9-G2
	G10-G2
	Significance

	VOL
	0.60
	0.06
	0.03
	-0.03
	0.09
	-0.10
	0.04
	0.02
	0.10
	0.04
	NS

	PH
	7.22
	0.31
	0.32
	0.12
	0.42
	0.66
	0.2
	0.26
	0.31
	0.26
	*

	CS
	607
	-180
	-190
	-124
	-187
	-97
	-181
	-155
	-224
	-215
	**

	MS %
	70
	-6
	-6
	-4
	-2
	-8
	1
	2
	-6
	-5
	*

	AS %
	11.6
	1.4
	-0.4
	-1.0
	2.2
	-0.8
	6.6
	3.0
	5.5
	4.7
	**

	DS %
	7.3
	-0.2
	-0.8
	-0.7
	0.1
	-0.3
	2.5
	1.1
	1.8
	1.9
	**

	LIB
	4.7
	-0.5
	-0.7
	-0.5
	-0.2
	-0.3
	0.1
	-0.2
	0.1
	-0.1
	NS


+ See Table 4 to identify the genetic groups used.

++ Abbreviations and units of measure for the traits were defined in Table 14.

NS= Non-significant; *= P<0.05; **= P<0.01.
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Variabilities in spermogram values of V-line rabbits may be due to that V-line bucks had changed their environmental conditions from cold climate in Spain to hot ambient temperature in Saudi Arabia. Several studies reported that bucks exhibiting active spermatogenesis during definite months of the year (Boyd and Myhill, 1987). The semen parameters may be influenced by the changes in photoperiod (Boyd, 1985 & 1986). The increase of day length affects the pineal gland to decrease its secretion of melatonin hormone, which affects the hypothalamus in rabbits negatively. Therefore, GnRH release is influenced by the photoperiod (Lin and Ramirez, 1988). Brockhausen et al. (1979) and Bagliacci et al. (1987) observed that temperature higher than 27 (C can affect fertility due to the increase in semen pH values and abnormalities.  In this study, the semen pH of V-line (7.21) was higher than in Gabali rabbits (5.03). Amin et al. (1987) and Ibrahim (1994) in Egypt observed also a decrease in sperm concentration for V-line bucks raised in hot ambient temperature. This could be attributed to the decrease in sertoli cells activity  and this affects the daily spermatogenesis (El-Masry et al., 1994). Moce et al. (2000) stated that high ambient temperature affected the total sperm production.

5.3 Heritabilities (h2), permanent environmental effects (p2) and common litter effects (c2)

5.3.1 Litter and lactational traits and feed consumption and conversion parameters
Ratios of variance components of direct additive effect (heritabilities, h2) and permanent environment (p2) to the phenotypic variances for litter and lactational traits and feed consumption and conversion parameters are presented in Table 23. 

Table 23: Heritabilities (h2) and ratios of the variance of the permanent environment to the total phenotypic variance (p2) with their standard errors (±SE) for litter traits, milk yields (grams) and components (g/100g) and milk conversion ratio and feed consumption and conversion parameters

	Doe trait+
	h2±SE
	p2±SE

	Litter traits:
	
	

	LSB
	0.04 ± 0.023
	0.19±0.025

	LSW
	0.14±0.017
	0.14±0.023

	LWB
	0.19 ± 0.026
	0.14±0.025

	LWW
	0.13±0.019
	0.19±0.023

	PLS
	0.11±0.015
	0.11±0.021

	Milk yields:
	
	

	MY7
	0.20±0.08
	0.23±0.06

	MY21
	0.18±0.07
	0.24±0.05

	MY28
	0.22±0.08
	0.28±0.09

	TMY
	0.21±0.08
	0.25±0.07

	MCR
	0.24±0.05
	0.19±0.04

	Milk Components:
	
	

	Fat
	0.20±0.08
	0.08±0.07

	Protein
	0.11±0.07
	0.11±0.06

	Lactose
	0.13±0.07
	0.12±0.07

	Ash
	0.09±0.07
	0.06±0.08

	Total solids
	0.28±0.07
	0.12±0.07

	Feed consumption and conversion parameters:
	

	TFC
	0.14±0.02
	0.05±0.02

	DFC
	0.16±0.01
	0.07±0.02

	FCRLWW
	0.10±0.02
	0.11±0.02

	FCRM
	0.10±0.01
	0.11±0.02

	FCRLG
	0.12±0.03
	0.06±0.02


+ Abbreviations of the traits were defined in Tables 8&9.

MCR= Milk conversion ratio (kg of litter gain per kg of milk suckled).

Heritabilities for litter traits and feed consumption and conversion parameters were low or moderate, ranging from 0.04 to 0.19 for litter traits and from 0.10 to 0.16 for feed consumption and conversion parameters (Table 23). But, the estimates for milk yield traits, milk conversion ratio and milk components were mostly moderate; ranging from 0.18 to 0.22 for yield traits and from 0.09 to 0.28 for milk components (Table 23). However, heritabilities obtained in the present study for litter size and weight at birth and/or at weaning and milk traits and feed consumption and conversions are within the ranges of estimates cited in the literature (Baselga et al., 1982; Khalil et al., 1987a; Ferraz et al., 1992; Baselga et al., 1992; Rochambeau et al., 1994; Feki et al, 1996; Ferraz and Eler, 1994&1996; Gomez et al., 1996; Gomez et al., 2000; Khalil et al, 2005a&b ). 
Similar to the trend of direct additive effects, ratios of permanent environment (p2) for all pre-weaning litter traits were relatively moderate and ranged from 0.11 to 0.19 for litter size and weight traits and litter survival, while these ratios were low and ranging from 0.05 to 0.11 for feed consumption and conversion parameters. For milk traits, ratios of permanent environment were moderate and ranging from 0.19 to 0.28 for milk yields and milk conversion ratio, while these ratios were low and ranging from 0.06 to 0.12 for milk components. However, high contribution of permanent environment to variation of pre-weaning litter traits, milk yields and components and milk conversion ratio may have considerable adverse effects on heterosis of these traits. 
5.3.2 Post-weaning growth performance and thermo tolerance characters
Estimates of heritability for body weights were mostly moderate and ranging from 0.075 to 0.240, while the estimates for average daily gain ranging from 0.020 to 0.104 (Table 24). Moderate heritabilities obtained here for body weights were similar to those estimates obtained in some studies in Egypt (Khalil et at., 1993; Khalil et al, 2000), in Spain (Estany et al. 1992; Gomez et al., 2000), and in Brazil (Ferraz et al., 1991, 1992; Ferraz and Eler, 1994&1996). 

Ratios of common litter effects for post-weaning body weights and gains were mostly high (Table 24). The estimates were ranging from 0.255 to 0.489 for body weights and from 0.183 to 0.263 for daily gains in weight. The high variances of common litter effects for post-weaning body weights and daily gains in weight gave adverse effects on heterosis of these traits. Ferraz and Eler (1996) found that the magnitudes of common litter effects for post-weaning body weights were moderate with a range between 0.21 and 0.32. Argente et al (1999) reported higher common litter effects with a range between 0.52 and 0.58. Ferraz and Eler (1996) reported higher estimates than the ones in this experiment. The ratios of common litter effects were always higher than the heritabilities, and the common litter effects decrease over the time (Table 24). These tendencies agree with the results reported by McNitt and Lukefhar (1996) and García and Baselga (2002c).

Heritabilities for all thermo tolerance traits were not significantly different from zero (Table 24), but the common litter effects for these traits were low and significantly different from zero. 

5.3.3 Carcass and meat quality traits and blood parameters

Table 25 presents the estimates of heritability and ratio of the variance of the common litter effect to the phenotypic variance for carcass and meat quality traits and blood parameters. 

The estimate of 0.097±0.047 for dressing percent was low and similar to that of 0.07±0.25 reported by Ayyat et al (1994) for NZW rabbits raised in Egypt. Heritabilities for most carcass traits (HCW, OW, MW, and BW) were moderate, while the estimates for all meat quality traits were not significantly different from zero (Table 25). The heritability estimated for hot carcass weight was 0.159±0.051, for dressing out percentage was 0.097±0.047, and for offal weight was 0.102±0.034. Similar to these estimates, heritabilities estimated by Ferraz and Eler (1996) for carcass weight and carcass yield were 0.178 and 0.152 for Californian breed and 0.152 and 0.000 for New Zealand White rabbits raised in Brazil, respectively. The heritability estimated by Lukefahr et al (1996) in USA for carcass yield was 0.37 in rabbits selected for 70-day body weight. 

Table 24. Heritabilities (h2) and ratios of the variance of the common litter effect to the phenotypic variance (c2), with their standard errors (±SE) for post-weaning growth traits and thermo tolerance characters

	Trait+
	h2±SE
	c2±SE

	Body weight (g):
	
	

	W4
	0.240±0.073
	0.489±0.030

	W6
	0.096±0.025
	0.396±0.011

	W8
	0.075±0.019
	0.347±0.010

	W10
	0.192±0.020
	0.285±0.010

	W12
	0.127±0.023
	0.255±0.010

	Daily gain in weight (g/d):
	

	DG46
	0.086±0.034
	0.253±0.017

	DG68
	0.041±0.010
	0.223±0.008

	DG810
	0.020±0.011
	0.237±0.009

	DG1012
	0.020±0.008
	0.183±0.009

	DG410
	0.094±0.030
	0.227±0.015

	DG412
	0.104±0.040
	0.263±0.019

	Ear temperature (ºC):
	

	ET6 
	0.001±0.000
	0.017±0.004

	ET12
	0.001±0.000
	0.029±0.006

	Body temperature (ºC):
	

	BT6
	0.001±0.000
	0.031±0.005

	BT12
	0.001±0.000
	0.021±0.006

	Respiration rate (breath/min):
	

	RR6 
	0.001±0.000
	0.008±0.005

	RR12
	0.001±0.000
	0.037±0.006


+Abbreviations of the traits were defined in Tables 10&11.

Table 25. Heritabilities (h2) and ratios of the variance of the common litter effect to the phenotypic variance (c2) and their standard errors (±SE) for carcass and meat quality traits and blood parameters

	Trait+
	h2±SE
	c2±SE

	Carcass traits:
	
	

	HCW
	0.159±0.051
	0.209±0.029

	DP
	0.097±0.047
	0.165±0.029

	OW
	0.102±0.034
	0.256±0.026

	Tissues composition of the carcass:
	

	MW
	0.140±0.043
	0.181±0.029

	FW
	0.010±0.000
	0.254±0.023

	BW
	0.148±0.034
	0.171±0.028

	MBR
	0.010±0.013
	0.189±0.025

	Meat quality:

	MP
	0.01±0.001
	0.081±0.023

	DM
	0.01±0.001
	0.102±0.025

	CP 
	0.01±0.001
	0.022±0.031

	EE
	0.01±0.001
	0.017±0.023

	Ash
	0.01±0.001
	0.125±0.027 

	Blood parameters:

	TP
	0.519±0.061
	

	ALB
	0.473±0.061
	

	GLOB
	0.680±0.068
	

	AGR
	0.180±0.050
	

	CH
	0.118±0.038
	

	TL
	0.359±0.068
	

	CI
	0.286±0.057
	


+Abbreviations of the traits were defined in Tables 12&13.

Heritability for meat weight (0.140±0.043) was also moderate, but the estimates for fat weight, meat to bone ratio, and chemical composition of the lean were low (0.010; Table 25). These estimates were quite different from those reported by Lukefahr et al. (1996) in USA for the loin primal cut yield (0.25) and lean-to-bone ratio of loin primal cut (0.35). From the genetic point of view, there is a potentiality for a moderate improvement in carcass performances through selection of animals of this project using their breeding values estimated by the animal model. Shortening the generation interval in the genetic groups of the project was associated with acceleration in this improvement. 

Heritabilities for blood parameters were moderate or high and ranging from 0.118 to 0.680 (Table 25). These estimates obtained here are higher than those obtained by El-Darawany and Farghaly (1999) for Bouscat rabbits raised in Egypt since the estimates were 0.05±0.06, 0.06±0.04, 0.19±0.07, and 0.19±0.09 for total protein, albumin, globulin and albumin:globulin ratio, respectively.

The common litter effects for carcass traits and tissues composition were always higher than their respective heritabilities and they ranged from 0.165 to 0.256 (Table 25). The common litter effects were low but significantly different from zero for moisture, dry matter and ash contents in the lean (Table 25). Ferraz et al. (1992) reported common environmental effects to be consistently more important than direct genetic effects for carcass traits studied, but Lukefahr et al. (1996) indicated that for each carcass trait investigated, the magnitudes of direct genetic and common environmental effects were similar. However, the estimates for carcass and meat quality traits of the present experiment are usually lower than the estimates in the literature (e.g. Ferraz et al., 1992; Lukefahr et al., 1996). It is important to say that common litter effects appeared to have strong effects on rabbit's growth even up to late age. 

5.3.4 Semen characteristics

Heritabilities estimated for most semen characteristics were moderate or high (Table 26); the estimates ranging from 0.17 to 0.41. Accordingly, moderate improvement in semen characteristics of bucks could be achieved through selection of bucks based on their semen performance. Therefore, evaluation of semen is very important in breeding programs of rabbits to attain high genetic gain. Opposite to what found in the present study, Castellini (1996) stated that genetic improvement for semen parameters is not easy to be achieved due to that heritabilities were low caused by low variability in semen parameters between and within bucks.
Table 26: Heritabilities (h2) and ratios of the variance of the permanent environment to the total phenotypic variance (p2) with their standard errors (±SE) for semen characteristics

	Semen parameter+
	h2±SE  
	p2±SE

	VOL
	0.21±0.019
	0.18±0.021

	PH
	0.17±0.027
	0.23±0.028

	CS
	0.31±0.025
	0.28±0.023

	MS %
	0.30±0.024
	0.21±0.016

	AS %
	0.28±0.023
	0.26±0.013

	DS %
	0.28±0.021
	0.23±0.031

	LIB
	0.41±0.027
	0.16±0.042


+Abbreviations of the traits were defined in Table 14.
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5.4.1 Litter and lactational traits and feed consumption and conversion parameters
Estimates of direct and maternal additive effects for different litter traits, milk yield and components and feed consumption and conversion parameters are presented in Table 27 and Figures 22&23&24. The estimates for most traits were significantly moderate and in favour of V-line does. 

Estimates of direct and maternal additive effects for litter traits were significantly moderate and in favour of V-line does (Table 27 and Figure 22). The estimates were found to be 1.05 young, 24.7 g, and 10.7 litter in LSB, LWB and PLS, respectively. However, this superiority of V-line does in direct additive effects for litter traits is in agreement with its long history of selection for litter size at weaning and its high average for this trait  since the animals were genetically evaluated by a BLUP methodology under an animal-repeatability model (Estany et al., 1989). 

Estimates of direct additive effects for most milk yields and components and milk conversion ratio were significantly moderate or high and in favour of V-line rabbits (Table 27 and Figure 23). The estimates for milk yield traits were found to be 59, 242, 122, and 395 grams in MY7, MY21, MY28, and TMY, respectively. Also, estimate of GIV-G for MCR (-0.13%) was moderate and in favour of V-line does. The figures attained for milk components were also in favour of V-line does; being 1.24, 0.47, 0.38, 0.13 and 1.22 % higher in fat, protein, lactose, ash and total solids in V-line does compared to Saudi does, respectively. The figures attained for feed consumption and conversion parameters were    -573 g, -16.9 g, and -0.287 in favour also of V-line does (P<0.05) compared to Saudi does for TFC, DFC and FCRM, respectively (Figure 24). As stated before, line V is a maternal line of rabbits selected for litter size at weaning (Estany et al., 1989) and this selection was associated with an increase in milk production levels in V-line does compared to Saudi does. 

The moderate estimates of direct additive effects expressed as percentages ranged from 0.3 to 18.3 % for litter and lactation traits, and from -18.6 to 12.6 % for feed consumption and conversion parameters (Table 27). The superiority of V-line does in direct additive effects indicate that V-line rabbits could produce, lactate and converse feed efficiently under hot climatic conditions of Saudi Arabia. An earlier American study by Lukefahr et al (1983a&b) showed that estimates of direct additive effects for pre-weaning litter traits, milk yield and feed consumption per litter were mostly in favour of Californian (CAL) vs. NZW rabbits. In addition, estimates of direct effects for pre-weaning litters in Flemish Giant (FG) were positive and high compared with direct effects of litters in NZW rabbits. The observed direct effects on pre-weaning litter traits were also reported by the same American study (e.g. Lukefahr et al., 1983a&b) which indicated a consistent desirable trend associated with using FG as a terminal sire breed. In France, NZW litters had higher estimates of direct additive effects for pre-weaning litter traits than that of CAL litters (Brun, 1993). Khalil and Afifi (2000) in crossing experiment between NZW and Gabali rabbits reported that NZW rabbits had higher estimates of direct additive effects than Gabali rabbits for litter weight at birth and weaning (P<0.01 or P<0.001). The other crossbreeding experiment carried out in Egypt by Abd El-Aziz et al (2002) indicated that estimates of direct additive effects for milk production were mostly in favour of NZW relative to Gabali rabbits.

Most estimates of maternal additive effects for litter and lactation traits and feed consumption and conversion parameters were in favour of V-line dams; being 0.25 young, 1.02 young, 14.3 g, 190 g, 9.9 litter, and 255 g for LSB, LSW, LWB, LWW, PLS, and TMY, respectively (Table 27 and Figures 22&23&24). The estimates expressed as percentages were favourable and ranged from 3.1 to 15.7 % for litter traits since the estimates of 
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 recorded for LSW (15.7%) and PLS (12.4%) were of considerable magnitude and significant (Figure 22). Crossbreeding experiments carried out in Egypt (Afifi and Khalil, 1989; Khalil et al, 1995; Khalil and Afifi, 2000) reported similar results; indicating that estimates of maternal additive effects for pre-weaning litter traits were significant. Genetically, the negative estimates of 
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 given in Table 27 for TFC and FCRM indicate that V-line dams consumed relatively lesser feed and converse more during the pre-weaning period than Saudi dams. 

Table 27: Estimates of direct (
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) additive effects and their standard errors ((SE) for litter traits and milk yields (grams) and components (g/100g) and milk conversion ratio and feed consumption and conversion parameters
	Doe trait+
	Direct additive effects
-------------------------------
    Units ± SE             DI %a
	Maternal additive effects

-----------------------------------
     Units ± SE               MD %b

	Litter traits:
	
	
	
	

	LSB
	1.050±0.385*
	13.1
	0.251±0.300NS
	3.1

	LSW
	-0.087±0.333 NS
	-1.3
	1.022±0.262*
	15.7

	LWB
	24.74±20.76NS
	6.1
	14.32±15.37NS
	3.5

	LWW
	10.48±217.3NS
	0.3
	190.5±172.7NS
	5.3

	PLS
	10.75±2.48*
	13.4
	9.94±2.03*
	12.4

	Milk yields:
	
	
	
	

	MY7
	59±32NS
	5.6
	6±39NS
	0.6

	MY21
	242±89**
	9.4
	222±111NS
	8.6

	MY28
	122±42*
	14.5
	18±62NS
	2.1

	TMY
	395±92*
	8.8
	255±162NS
	5.7

	MCR
	-0.13±0.002**
	-18.3
	-0.08±0.001**
	-10.8

	Milk components:
	
	
	

	Fat
	1.24±0.21**
	9.9
	0.63±0.27NS
	5.1

	Protein
	0.47±0.14*
	4.0
	0.24±0.17NS
	2.0

	Lactose
	0.38±0.07*
	18.7
	0.10±0.1NS
	4.9

	Ash
	0.13±0.02*
	6.2
	0.03±0.03NS
	1.4

	Total solids
	1.22±0.27**
	4.3
	0.67±0.35NS
	2.4

	Feed consumption and conversion parameters:
	

	TFC
	-572.6±267.9 NS
	-9.2
	-68.9±235.9 NS
	-1.1

	DFC
	-16.9±11.5 NS
	-7.6
	-0.087±9.35 NS
	-0.4

	FCRLWW
	0.023±0.119 NS
	1.1
	0.052±0.104 NS
	2.6

	FCRM
	-0.287±0.088*
	-18.6
	-0.028±0.078 NS
	-1.8

	FCRLG
	0.302±0.171 NS
	12.6
	0.046±0.15 NS
	1.9


+ Abbreviations and units of measure for the traits were defined in Tables 8&9.

aDI%= [DI in units / (average of V line and Saudi Gabali groups)] x 100.

bMD %  = [MD in units/( average of V line and Saudi Gabali groups)] X 100. 

NS= Non-significant, *= P<0.05.
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Most estimates of maternal additive effects for milk yields (MY7, MY28 and TMY) and components (protein, fat, lactose, and ash of milk) were in favour of V-line dams (Table 27). Considerable estimate of maternal additive effects was recorded for milk conversion ratio (-10.8%). Estimates of maternal additive effects were in favour of V-line dams and found to be 222 g, 0.67%, 0.63%, and –0.08 for MY21, total solids in milk, fat of milk, and milk conversion ratio, respectively (Figure 23). However, most of the Egyptian findings reported a general trend indicating that does mothered by exotic breeds (e.g. V-line, Californian, Chinchilla, etc.) recorded better performance than does mothered by native breeds (e.g. Baladi and Giza White rabbits). These results evidenced the fact that using V-line as a dam breed could produce high performances in lactational performance compared to other dam breeds. 

Maternal additivity in V-line dams were favourable in most cases for pre-weaning litter traits (Table 27); indicating that crossing of V-line rabbits as dam-breed with Saudi rabbits as a sire-breed gave an advantage in the litter performance to be larger in litter size, heavier in litter weight, and higher in survival rate. This superiority of V-line dams is attributable to favorable maternal abilities (Estany et al., 1989). The maternal superiority of V-line dams for most pre-weaning traits compared with other standard breeds has been demonstrated in some European studies (e.g. Garcia et al., 2000b). Results of this study in Spain evidenced the fact that using V-line as a dam breed produced high performances in litter size and weight and growth rate compared to the other dam breeds.

5.4.2 Post-weaning growth performance and thermo tolerance characters
Table 28 presents the estimates of direct and maternal additive effects for post-weaning growth traits and thermo tolerance characters.  The estimates for thermo tolerance traits were very low and not significantly different from zero (Table 28). Similar results were obtained by Khalil et al. (2002) for another set of data involving six genetic groups.

As shown in Table 28, both lines had the same direct genetic effects for growth performance at the beginning of the fattening period, but when the rabbits grew older, significant differences in direct genetic effects among the two lines were observed at 10 and 12 weeks of age since V line was heavier by 114.8 g and 189.4 g than the Saudi Gabali, respectively. Direct additive effects were of some importance at late stages of growth (Table 28; Figures 25&26). Moreover, direct genetic effects for daily gains in weight were significant at the intervals of 6-8, 8-10, 10-12, 4-10, and 4-12 weeks of age. Masoero et al (1985) evidenced also significant direct additive effects for body weights at later ages in crossing experiment of New Zealand White, Californian, Burgundy Fawn, Flemish Giant, Argenta de Champagne and Blue Vienna.

Table 28: Estimates of direct ([image: image52.wmf]I
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) additive effects and their standard errors ((SE) for post-weaning growth traits and thermo tolerance characters

	Trait
	Direct additive effects
-----------------------------
Units ± SE         DI %a
	Maternal additive effects
---------------------------
Units ± SE          MD %b

	Body weight (g):
	
	
	

	W4
	0.6±62.3NS
	0.1
	-93.8±38.2*
	14.5

	W6
	0.1±34.5 NS
	0.0
	-81.6±19.9*
	7.3

	W8
	62.6±36.2NS
	4.1
	-70.9±21.4*
	4.6

	W10
	114.8±40.3*
	5.9
	-48.5±22.9*
	2.5

	W12
	189.4±45.4*
	8.1
	-46.4±24.5NS
	2.0

	Daily gain in weight (g/d):
	
	
	

	DG46
	1.30±2.93NS
	5.7
	0.97±0.29*
	30.8

	DG68
	3.51±1.07*
	11.9
	0.60±0.66NS
	2.0

	DG810
	2.96±0.98*
	10.1
	1.17±0.66*
	4.0

	DG1012
	4.37±1.01*
	17.2
	0.15±0.67NS
	0.6

	DG410
	2.33±0.79*
	11.4
	-0.99±1.20NS
	4.8

	DG412
	2.67±0.53*
	13.9
	-1.29±1.03NS
	6.7

	Ear temperature (ºC):
	
	
	

	ET6 
	-0.020±0.042NS
	0.1
	-0.012±0.034NS
	0.0

	ET12
	0.041±0.045NS
	0.1
	-0.022±0.036NS
	0.1

	Body temperature (ºC):
	
	
	

	BT6
	0.030±0.042NS
	0.1
	-0.049±0.034NS
	0.1

	BT12
	-0.007±0.042NS
	0.2
	0.013±0.037NS
	0.4

	Respiration rate (breath/min):
	
	

	RR6 
	-0.713±0.654NS
	0.6
	0.754±0.529NS
	0.6

	RR12
	-1.126±0.735NS
	0.5
	0.937±0.587NS
	0.7


+Abbreviations and units of measure for the traits as defined in Tables 10&11.

aDI%= [DI in units / (average of V line and Saudi Gabali groups)] x 100.

bMD %= [MD in units/( average of V line and Saudi Gabali groups)] X 100.

NS= Non-significant, *= P<0.05.
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 genetic effects among the two lines were moderate and reaching 17.2% for DG1012 and 30.8% for DG46 (Table 28; Figure 23).
Most estimates of direct additive effects for body weights were in favour of V-line rabbits (Table 28 and Figures 25&26). These differences in direct additive effects for body weights and gains among the two breeds lead to state that V-line rabbits could be used in crossbreeding programmes in Saudi Arabia and other hot climatic countries. This notation was confirmed from the results obtained for heat-stress physiological parameters since all the estimates of direct additive effects for body and ear temperatures and respiration rates were found to be very low (Table 28). In Egypt, Abdel-Ghany et al. (2000a&b) noted that direct additive effects from crossing New Zealand White with Baladi Red (BR) or Baladi Black (BB) were consistently in favour of BR or BB for post-weaning body weights and gains. In Spain, Gomez et al. (1999b) with line V and A (as maternal lines) and line R (as a paternal line) and their all possible crossbreds found that direct additive effects of line A were higher than in line V by about +127 g for weaning weight, +353 g for 60-day weight, and +13 g per day for daily gain from 22-60 days.  

V line dams showed unfavorable decrease in maternal genetic effects for post-weaning body weights; ranging from 48.5 g to 93.8 g in comparison with the Saudi dams (Table 28 and Figure 25). This is due to the consequences of that litter size in V-line was higher and for the fact also that both breeds are medium in size (Baselga, 2002; Khalil et al, 2005b). For average daily gain in weight, there were no significant differences in maternal genetic effects except DG46 and DG810 where the maternal genetic effects were in favour of V line dams (0.97 and 1.175 g/day, respectively). Results of Khalil et al (1995) and Khalil and Afifi (2000) in Egypt indicated that estimates of maternal additive effects for post-weaning growth were significant; reflecting desirable maternal additive effects in New Zealand White rabbits compared to the other breeds used and therefore NZW breed is well recognized in our Arabian area as a suitable dam breed resource with outstanding maternal abilities based on its high milk production. This notation was in coincidence with Abdel-Aziz (1998) in Egypt for crossing New Zealand White with Gabali rabbits. Ali (1998) in crossing of Californian with Egyptian Gabali rabbits reported that maternal additive effects for post-weaning body weights and daily gains up to 16 weeks of age were significantly in favour of Californian rabbits (P<0.01 or P<0.001). In Spain, Gomez et al. (1999b) for crossing two maternal lines of V and A and the one paternal line of R stated that rabbits mothered by V-line dams grew faster than rabbits mothered by R-line dams. In another study in Spain (Gomez et al, 1999a), maternal additive effects were found to be significant for weaning weight and body weight at 60 days.
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5.4.3 Carcass and meat quality traits and blood parameters


Table 29 shows estimates and standard errors of direct and maternal genetic effects for different carcass and meat quality traits and blood parameters. In most cases, the estimates of direct and maternal genetic effects for carcass traits were in favour of V line, but these estimates were in favour of Saudi Gabali for meat quality traits. The estimates of direct genetic effects for dressing out percentage (-1.28±0.55), offal weight (11.01±3.95) and bone weight (29.284±7.763) were significant, and the estimates of maternal genetic effects were not significant.

Table 29: Estimates of direct (
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) additive effects and their standard errors (( SE) for carcass and meat quality traits and blood parameters

	Trait+
	Direct additive effects
-------------------------------------
    Units ± SE                DI %a
	Direct additive effects
-----------------------------
     Units ± SE      MD %b

	Carcass traits:
	
	

	HCW
	70.2±38.9NS
	5.6
	22.9±24.2 NS
	1.8

	DP
	-1.28±0.55*
	-2.4
	0.17±0.35 NS
	0.3

	OW
	11.01±3.95*
	11.4
	2.60±2.58 NS
	2.7

	Tissues composition of the carcass:
	

	MW
	41.4±29.1 NS
	4.7
	17.6±18.3 NS
	2.0

	FW
	-0.24±2.29 NS
	-0.8
	0.17±1.76 NS
	0.6

	BW
	29.28±7.76*
	11.5
	0.30±5.53 NS
	0.1

	MBR
	-0.181±0.118
	-5.1
	-0.006±0.090 NS
	-0.2

	Meat quality:
	
	

	MP
	0.75±0.23*
	1.0
	-0.03±0.17 NS
	0.0

	DM
	-0.75±0.24*
	-2.7
	-0.01±0.18 NS
	0.0

	CP 
	-0.32±0.26 NS
	-1.5
	-0.33±0.19 NS
	-1.5

	EE
	-0.32±0.24 NS
	-6.6
	0.24±0.18 NS
	4.9

	Ash
	-0.069±0.054 NS
	-3.6
	0.061±0.041 NS
	3.2

	Blood parameters:
	

	TP
	-0.75±0.54*
	-9.2
	0.52±0.25*
	6.3

	ALB
	-0.06±0.355 NS
	-1.4
	-0.12±0.18 NS
	-2.6

	GLOB
	-0.68±0.69*
	-17.0
	0.62±0.32*
	15.5

	AGR
	-0.19±0.44 NS
	-7.6
	-0.19±0.25 NS
	-7.6

	CH
	-2.09±4.65 NS
	-1.4
	-0.98±2.85 NS
	-0.6

	TL
	22.40±28.25 NS
	5.0
	-7.05±14.79 NS
	-1.6

	CI
	-3.67±2.90 NS
	-9.2
	-0.27±1.57 NS
	0.7


+Abbreviations and units of measure for the traits were defined in Tables 12&13.

aDI%= [DI in units / (average of V line and Saudi Gabali groups)] x 100.

bMD %  = [MD in units/( average of V line and Saudi Gabali groups)] X 100. 

NS= Non-significant; *= P<0.05.


Direct genetic effects were moderate with 5.6, 11.4, 4.7, and 11.5% in favour of V-line rabbits for HCW, OW, MW, and BW, respectively (Figure 27). On the other hand, the estimates for meat compositions traits were somewhat low and ranged from 1.0 to 6.6% in favour of Saudi Gabali rabbits (Figure 28). V line rabbits were higher in direct additive effects by 11.01 and 29.3 g for offal and bone weights than the Saudi Gabali rabbits, respectively and the estimate for dressing out percentage was lower (-1.3 %). V-line rabbits had slightly more direct additive effects for moisture content in the lean (0.750±0.233) than Saudi Gabali rabbits, so V line presented less direct additive effects for dry matter of the lean (0.746±0.237) than Saudi Gabali.


Maternal genetic effects for any of the studied carcass and meat quality traits were not significant (Table 29 and Figures 27&28). However, maternal additive effects for most carcass traits were not significantly in favour of V-line dams (Table 29). Piles et al. (2004) found that maternal genetic effects were also not significant for dressing out percentage, drip loss weight and chilled carcass weight when the paternal lines were studied.
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Estimates of direct and maternal genetic effects for most blood parameters were in favour of Saudi rabbits (Table 29). In this respect, the estimates of direct genetic effects for total protein and globulin in blood were significantly in favour of Saudi Gabali rabbits by 9.2 and 17.0 %. For maternal genetic effects, total protein and globulin in blood were in favour of V-line dams by 6.3 and 15.5 %, respectively (Figure 29).
5.4.4 Semen characteristics

The estimates of direct additive effects for semen parameters were mostly in favour of Saudi Gabali bucks as shown in Table 30 and Figure 30. The estimates of maternal additive effect for most semen characters (Table 30) were also moderate and in favour of Saudi Gabali dams of bucks as shown in Figure 30.
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The moderate estimates of direct additive effect for sperm count (17.7%) and dead (21.5%) and abnormal (23.0%) sperms indicate that Saudi-sired bucks had higher estimates of direct additive effect than V-sired bucks (Table 30). The significant estimates of direct additive effect for these important semen characters gave an indication to state that Saudi bucks could be used as a terminal buck breed for improving conception rates of does to be inseminated by this breed. For crossing two rabbit sire lines (C and R) in Spain, Garcia et al (2004) stated that differences in direct genetic effects between two sire lines were significant and eminent for some semen production traits (e.g. concentration and total number of spermatozoa per ejaculate) and some semen quality traits (e.g. percentage of sperm viability, percent of sperms with acrosomal integrity and morphological abnormalities). Those differences were of high magnitude (about 50% of the actual mean) and favourable to line C for sperm concentration and total number of spermatozoa per ejaculate. Differences in percentage of sperm viability were favourable to line R but lower in magnitude (about 10%); indicating that line C could be superior in traits related with semen production and inferior in semen quality traits. 


Maternal additive effect for ejaculate volume (26.4%) was in favour of V-line dams. On the other side, the high estimates of maternal additive effects for sperm concentration in semen (26.4%) and abnormal sperms (21.2%) and the moderate estimates for dead sperms (13.9%), sperm motility (-9.5%) and libido of bucks (5.0%) indicate that Saudi dams of bucks gave better semen characteristics than V-line dams of bucks, i.e. maternal additive effects for semen parameters were in favour of Saudi dams of bucks. This trend gave an indication to state that Saudi dams could be used to produce crossbred bucks superior in their semen parameters to improve the conception rates of does to be inseminated by these crossbred bucks. Recently, differences between two sire lines (C and R) in Spain in maternal genetic effects were observed by Garcia et al (2004) for ejaculate volume and sperm concentration (P<0.05). These differences were eminent (14%) and favourable to line C for ejaculate volume and eminent and favourable to line R for sperm concentration (40%), individual sperm motility, and total number of spermatozoa per ejaculate (23%). The differences between reciprocal crosses for the traits related to energy metabolism (individual motility) have been explained by Brun et al. (2002) as sex-linked or imprinting effects due to the maternal transmission of the mitochondria (cell organites involved in energy metabolism). The opposite maternal effects for pH with respect to sperm concentration and individual sperm motility may be due to the antagonistic relationship between pH and sperm motility and sperm concentration as stated by Brun et al. (2002) and Garcia et al (2004). Such notation could be explained by the metabolic activity of the spermatozoa, which releases lactic acid and consequently decreases pH.

Table 30: Estimates of direct (
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	Semen parameter+
	Direct additive effects
-----------------------------
    Units ± SE         DI %a
	Maternal additive effects
---------------------------
     Units ± SE       MD %b

	       VOL
	0.07±0.015NS
	8.4
	0.125±0.016*
	26.4

	PH
	0.219±0.009 NS
	2.8
	0.008±0.105 NS
	0.1

	CS
	-67.6±4.4*
	-17.7
	-58.8±4.91*
	-16.4

	MS %
	-2.8±0.35 NS
	-4.1
	-6.32±0.39*
	-9.5

	AS %
	3.18±0.15*
	23.0
	2.89±0.17*
	21.2

	DS %
	1.6±0.12*
	21.5
	1.07±0.14*
	13.9

	LIB
	0.17±0.017 NS
	3.9
	0.21±0.019 NS
	5.0


+Abbreviations and units of measure for the traits were defined in Table 14.

aDI%= [DI in units / (average of V line and Saudi Gabali groups)] x 100.

bMD %  = [MD in units/( average of V line and Saudi Gabali groups)] X 100. 

NS= Non-significant; *= P<0.05.
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5.5 Direct heterosis (HI) and maternal heterosis (HM)

5.5.1 Litter and lactational traits and feed consumption and conversion parameters:
Estimates of direct heterosis indicated that crossbred does were associated with significant heterotic effects in LSB, LWB, LWW, PLS, TMY, TFC, and DFC (Table 31); being 0.68 young, 44 g, 108 g, 3.3 litter, 450 g, 789 g and 28.6 g, respectively. The estimates of direct heterosis expressed as percentages have shown a range of 2.0 to 10.8 % for litter traits (Figure 31), 3.2 to 22.7 % for milk yields and compositions (Figure 32) and 3.6 to 12.9 % for feed consumption and conversion parameters (Figure 33). These results indicate that crossbred does were associated with favourable heterotic effects on pre-weaning litter traits, milk yield and feed consumption. Different crossbreeding experiments carried out in the Arabian area particularly in Egypt (e.g. Afifi and Emara, 1984; Afifi and Khalil, 1989; Khalil et al, 1995; Khalil and Afifi, 2000; Abd El-Aziz et al, 2002) reported results similar to the present results since heterotic effects were evidenced for litter size, litter weight, and milk yield in most of the possible crossbred does obtained. Consequently, both producers and processors in the Arabian area could potentially benefit economically through using crossbred does.

Estimates of direct heterosis indicated that crossbred does were associated with heterotic effects in milk yields and components and milk conversion ratio (Table 31). All estimates of direct heterosis in crossbred does were significant in terms of 109, 250, 191, and 550 grams in MY7, MY21, MY28, and TMY and 0.97, 0.95, 0.32, 0.13 and 1.91% in fat, protein, lactose, ash and total solids, respectively. The respective estimates of maternal heterosis were also significant, being 150, 187, 127, and 449 grams in milk yield traits and 0.24, 0.89, 0.17, 0.05 and 1.71 % in milk components traits. For milk conversion ratio, the negative ratio was favourable; being -0.14 for direct heterosis and –0.08 for maternal heterosis. These results indicate that crossbred does and dams gave favourable heterotic effects on milk yields and components and milk conversion ratio. Results of Khalil and Afifi (2000) revealed that crossing Gabali rabbits with New Zealand White in Egypt was associated with negative low non-significant heterotic effects on milk yields during the first 21 days of suckling and the whole period of lactation. Abd El-Aziz et al (2002) reported that direct heterotic effects on milk production traits were non-significant (0.12 to 2.4 %).

The estimates of maternal heterosis for most litter traits were significant (Table 31), being 0.81 young, 0.74 young, and 170 g for LSB, LSW, and LWW, respectively. The estimates expressed as percentages have shown a range of 4.3 to 11.4% for pre-weaning litter size and weight traits (Figure 31). Also, estimates for feed consumption and conversion parameters were somewhat moderate and ranging from -6.8 to 5.0% (Figure 33). However, the estimates in most cases were favourable and indicating that crossbred dams had considerable maternal heterotic effects in terms of larger litter size, heavier litter weight at birth and weaning, favourable feed conversion ratio, and efficient milk to litter gain conversion ratio than their crossbred daughters. Results of different crossbreeding experiments carried out in the Arabian area (e.g. Afifi et al., 1976a&b; Afifi and Emara, 1984; Khalil et al, 2004) revealed that heterotic effects for pre-weaning litter traits were evidenced in most of the crossbred dams obtained. 

Table 31: Estimates of direct (HI) and maternal (HM) heterosis and their standard errors (SE) for litter and lactation traits and feed consumption and conversion parameters

	Doe trait+
	Direct heterosis

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

Units ± SE              HI %a
	Maternal heterosis

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

Units ± SE          HM %b

	Litter traits:
	
	
	

	LSB
	0.683±0.207*
	8.5
	0.807±0.358*
	10.0

	LSW
	0.127±0.182NS
	2.0
	0.742±0.323*
	11.4

	LWB
	43.91±10.48*
	10.8
	17.65±18.14NS
	4.3

	LWW
	108.1±120.1*
	3.0
	170.4±212.4*
	4.8

	PLS
	3.28±1.44*
	4.1
	0.162±2.57NS
	0.2

	Milk yield traits:
	
	
	

	MY7
	109±3.7*
	10.3
	150±5.6***
	14.2

	MY21
	250±10.3**
	9.7
	187±15.8*
	7.4

	MY28
	191±4.9***
	22.7
	127±7.4***
	15.2

	TMY
	550±15.0**
	12.2
	349±23.0*
	7.8

	MCR
	-0.14±0.002**
	-19.2
	-0.08±0.005**
	-9.6

	Milk components:
	
	
	

	Fat
	0.97±0.025*
	7.8
	0.24±0.038 NS
	1.9

	Protein
	0.95±0.016*
	8.1
	0.89±0.025***
	7.6

	Lactose
	0.32±0.009**
	15.8
	0.17±0.014***
	8.3

	Ash
	0.13±0.003*
	6.0
	0.05±0.005 NS
	2.2

	Total solids
	1.91±0.030NS
	6.8
	1.71±0.051**
	6.1

	Feed consumption and conversion parameters:
	

	TFC
	788.9±165.9*
	12.7
	313.9±257.3
	5.0

	DFC
	28.6±6.40*
	12.9
	8.86±9.86
	4.0

	FCRLWW
	0.079±0.073
	3.9
	0.099±0.113
	4.9

	FCRM
	0.088±0.055
	5.7
	0.058±0.085
	3.8

	FCRLG
	0.087±0.105
	3.6
	-0.164±0.163
	-6.8


+Abbreviations and units of measure for the traits were defined in Tables 8&9.

aHI%= [HI in units / average of V line and Saudi Gabali groups] x 100.

 bHM%= [HMin units / average of V line and Saudi Gabali groups] x 100.

NS = Non-significant: * = P < 0.05.
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5.5.2 Post-weaning growth performance and thermo tolerance characters
The estimates of direct and maternal heterosis for most cases of growth traits were not significant (Table 32). Percentages of direct heterosis for post-weaning body weights showed that the pattern of heterotic effects decreased with advance of the rabbit's age (Table 32). 

The estimates of direct heterosis for body weights were mainly positive and ranging from 1.3 to 4.5 % (Figure 34), but the estimates for maternal heterosis were mainly negative and ranging from 0.2 to 5.3 % (Figure 34). The negative estimates of maternal heterosis for body weights and gains (Table 32 and Figures 34&35) indicate that crossbred dams had little or adverse heterotic maternity over their purebred dams in these growth traits. 
Table 32: Estimates of direct (HI) and maternal (HM) heterosis and their standard errors (SE) for post-weaning growth traits and thermo tolerance characters

	Trait+
	Direct heterosis

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

HI in units±SE          HI %a
	Maternal heterosis

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

HM in units±SE         HM %b

	Body weight (g):
	
	
	

	W4
	29.1±25.6*
	4.5
	-34.3±37.4*
	-5.3

	W6
	31.4±13.1*
	2.8
	-7.5±22.5NS
	-0.7

	W8
	39.7±14.2*
	2.6
	-6.1±24.2NS
	-0.4

	W10
	28.6±15.1NS
	1.5
	2.9±25.7NS
	0.1

	W12
	29.4±15.9NS
	1.3
	-4.8±27.1NS
	-0.2

	Daily gain in weight (g/d):
	
	
	

	DG46
	0.29±1.38NS
	1.3
	-1.57±1.87NS
	-6.8

	DG68
	0.83±0.45NS
	2.8
	-0.81±0.75NS
	-2.7

	DG810
	-0.32± 0.46NS
	-1.1
	0.25±0.76NS
	0.9

	DG1012
	-0.35±0.47NS
	-1.4
	-0.62±0.77NS
	-2.4

	DG410
	0.89±0.83*
	5.5
	0.01±1.13NS
	0.1

	DG412
	1.01±0.71*
	5.2
	-0.57±0.96NS
	-3.0

	Ear temperature (ºC):
	
	
	

	ET6 
	0.023±0.025NS
	0.1
	-0.042±0.037NS
	0.1

	ET12
	0.009±0.027NS
	0.1
	-0.019±0.041NS
	0.1

	Body temperature (ºC):
	
	

	BT6
	0.022±0.026NS
	0.1
	0.009±0.038NS
	0.1

	BT12
	0.027±0.028NS
	0.1
	0.014±0.043NS
	0.1

	Respiration rate (breath/min):
	
	

	RR6 
	-0.744±0.400NS
	0.6
	-0.284±0.585NS
	0.2

	RR12
	0.083±0.441NS
	0.1
	-0.051±0.678NS
	0.1


+Abbreviations and units of measure for the traits were defined in Tables 10&11.

aHI%= [HI in units / average of V line and Saudi Gabali groups] x 100.

bHM%= [HM in units / average of V line and Saudi Gabali groups] x 100.

NS = Non-significant: * = P < 0.05.
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Results of direct heterosis in the present study could be similar to those estimates obtained in other crossbreeding experiments involving maternal lines (e.g Gomez et al., 1999b; Orengo et al., 2004). Gomez et al. (1999b) for crossbreeding experiment including V-line rabbits in Spain reported insignificant direct heterosis for body weights at 32 and 60 days and daily gains between the two ages. Afifi et al. (1994) for crossing New Zealand White with Baladi Red in Egypt found that heterosis percentages ranged from 2.7 to 9.5% for post-weaning body weights and gains. Medellin and Lukefahr (2001) in USA stated that estimates of direct heterosis from crossing Altex rabbits with New Zealand White were 66 grams for weaning weight at 28 days (P <0.01) and 1.7 gram/day for average daily gain between 28-70 days (P<0.01).

The estimates of direct and maternal heterotic effects for thermo tolerance characters were very low and not significantly different from zero (Table 32 and Figure 36). These results indicate that crossbred rabbits obtained from crossbred dams are showing very little genetic differences in body and ear temperatures and respiration rates compared to the rabbits obtained from purebred dams, i.e. genetic differences in these physiological parameters of heat stress for crossbred rabbits produced by crossbred or purebred dams are very limited.

5.5.3 Carcass and meat quality traits and blood parameters

Estimates of direct and maternal heterosis for most carcass traits (HCW, OW, FW, and BW) were significant (Table 33). Hot carcass, offal, fat and bone weights showed favorable positive estimates of direct heterosis of 38.4 g, 4.9 g, 3.8 g and 8.6 g, respectively (Table 33 and Figure 37). In Spanish paternal lines, Piles et al. (2004) for carcass traits mentioned before didn’t found individual heterosis. In Egypt, Afifi et al. (1994) for crossing New Zealand White X Baladi Red found that direct heterosis percentages ranged from 1.0 to 4.7 % for carcass traits. However, most estimates of heterosis obtained from experiments in USA, Egypt, Italy and France (e.g. Lukefahr et al., 1983d; Masoero et al., 1985; Brun and Ouhayoun, 1989; Abdel-Ghany et al., 2000a&b; Khalil and Afifi, 2000) indicated that crossbreeding in rabbits was associated with a little improvement in the carcass performance.


Hot carcass, offal, fat and bone weights showed non-favorable negative estimates of maternal heterosis of -65.5 g, -6.7 g, -5.3 g and –12.2 g, respectively (Table 33). These estimates indicated that crossbred dams gave significant negative maternal heterotic effects on HCW, OW, FW, and BW of the carcass; ranging from 4.8 to 18.7% (Figure 37). However, most estimates of maternal heterosis obtained from experiments in Italy and France (Masoero et al., 1985; Brun and Ouhayoun, 1989) indicated that crossbred dams gave a little improvement in the carcass performance.

Neither individual heterosis, nor maternal heterosis for meat quality traits were significant (Table 33). The estimates of maternal heterosis were negative for most meat quality traits (Figure 38).


The estimates of direct heterosis for blood parameters were mostly negative and somewhat moderate in magnitude reaching 28.4% for some traits (Figure 39).

Table 33: Estimates of direct (HI) and maternal (HM) heterosis and their standard errors (SE) for carcass and meat quality traits and blood parameters

	Trait+
	Direct heterosis

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

HI in units ± SE      HI %a
	Maternal heterosis

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

HM in units ± SE       HM %b

	Carcass traits:
	

	HCW
	38.4±16.9*
	3.1
	-65.5±30.6*
	-5.2

	DP
	0.22±0.25 NS
	0.4
	0.15±0.45 NS
	0.3

	OW
	4.90±1.85*
	5.1
	-6.70±3.28*
	-6.9

	Tissues composition of the carcass:
	

	MW
	19.0±12.9 NS
	2.2
	-20.4±23.1 NS
	-2.3

	FW
	3.80±1.34*
	13.4
	-5.29±2.26*
	-18.7

	BW
	8.59±4.15*
	3.4
	-12.16±7.14*
	-4.8

	MBR
	-0.046±0.068 NS
	-1.3
	0.091±0.115 NS
	2.5

	Meat quality:
	

	MP
	-0.02±0.13 NS
	0.0
	0.27±0.24 NS
	0.4

	DM
	0.04±0.13 NS
	0.1
	-0.28±0.24 NS
	-1.0

	CP 
	0.27±0.15 NS
	1.3
	-0.08±0.28 NS
	-0.4

	EE
	-0.26±0.13 NS
	-5.4
	-0.18±0.25 NS
	-3.7

	Ash
	0.027±0.031 NS
	1.4
	-0.045±0.055 NS
	-2.4

	Blood parameters:

	TP
	0.08±0.16 NS
	1.0
	0.92±0.29*
	11.3

	ALB
	0.17±0.11 NS
	-4.1
	0.20±0.21 NS
	4.9

	GLOB
	0.25±0.20 NS
	6.3
	1.13±0.38*
	28.4

	AGR
	-0.200±0.175 NS
	-8.0
	0.21±0.31 NS
	8.2

	CH
	-3.02±2.01 NS
	-2.0
	4.86±3.47 NS
	3.2

	TL
	-10.73±9.77 NS
	-2.4
	-39.09±17.61*
	8.7

	CI
	0.34±1.05 NS
	0.9
	-2.07±1.88 NS
	-5.2


+Abbreviations and units of measure for the traits were defined in Tables 12&13.

aDI%= [DI in units / (average of V line and Saudi Gabali groups)] x 100.

bMD %  = [MD in units/( average of V line and Saudi Gabali groups)] X 100. 

NS = Non-significant: * = P < 0.05.
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5.5.4 Semen characteristics

Estimates of direct heterosis for semen parameters given in Table 34 indicated that crossbred bucks were associated with an existence of heterotic effects in some semen parameters.

Positive estimates of direct heterosis recorded for volume of ejaculate (11.6%) sperms concentration (10.5 %) and motility of sperms (9.8%) were favorable as shown in Figure 40. Also, the negative and moderate estimates recorded for percentage of abnormal sperms (-10.8%) and dead sperms (-23.5%) were favorable. These estimates indicate that crossing V-line with Saudi rabbits was associated with heterotic effects on most semen characteristics of the individual bucks. Such crossing was associated with an increase in ejaculate volume (P<0.05), sperm concentration (P<0.05), percentages of motile and living sperms, and libido of bucks (P<0.05) along with a reduction in percentages of abnormal and dead sperms (P<0.05), i.e. superiority of crossbred bucks has been proved for the lines used and the traits investigated. One of the explanations for positive heterotic effects in percent sperm viability could be possibly to that sexual maturation in crossbred males was faster than purebred males. Brun et al. (2002) reported high variability in the estimates of heterosis in function of the seminal trait since they observed a 6.8% of heterosis in mass motility and 4.1% in percentage of motile spermatozoa and high values of heterosis in sperm concentration (37.5%), total number of spermatozoa per ejaculate (37.6%) and number of motile spermatozoa per ejaculate (42.3%). Garcia et al (2004) found that individual heterosis were favourable and significant for percentage of sperm viability (P<0.10), while heterosis for pH was almost negligible (1.6%).

Estimates of maternal heterosis for semen characteristics were significant and moderate for four traits out of seven (Table 34). The positive estimates of maternal heterosis for volume of ejaculate (14.1%; P<0.05), sperms concentration (11.4%; P<0.05), percentages of motile sperms (17.6%; P<0.05) and libido of bucks (11.6%; P<0.05) and the negative estimates for percentages of abnormal sperms (-3.8%) and dead sperms (-3.3%) were favourable for semen parameters of crossbred bucks as shown in Figure 40. These favourable estimates indicate that crossbred dams gave maternal heterotic effects on some semen parameters in their progeny of crossbred bucks, i.e. crossbred dams could produce crossbred bucks characterized by higher volume of ejaculate, higher semen quality with more concentration and motile sperms, along with lesser percentages of abnormal sperms and dead sperms than their crossbred daughters. 
Table 34: Estimates of direct (HI) and maternal (HM) heterosis and their standard errors (±SE) for semen characteristics 
	Semen parameter+
	Direct heterosis

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

HI in units ± SE        HI %a
	Maternal heterosis

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

HM in units ± SE       HM %b

	       VOL
	0.096±0.017*
	11.6
	0.116±0.019*
	14.1

	PH
	-0.069±0.011NS
	-0.9
	-0.107±0.012 NS
	-1.4

	CS
	41.94±5.01*
	10.5
	45.5±5.65*
	11.4

	MS %
	6.92±0.404*
	9.8
	12.4±0.45*
	17.6

	AS %
	-1.50±0.17*
	-10.8
	-0.53±0.19 NS
	-3.8

	DS %
	-1.96±0.14*
	-23.5
	-0.28±0.16 NS
	-3.3

	LIB
	0.15±0.02 NS
	3.5
	0.50±0.022*
	11.6


+Abbreviations and units of measure for the traits were defined in Table 14.

aDI%= [DI in units / (average of V line and Saudi Gabali groups)] x 100.

bMD %  = [MD in units/( average of V line and Saudi Gabali groups)] X 100. 

NS = Non-significant: * = P < 0.05.
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5.6 Direct recombination effects (RI)

Comparing estimates of direct recombination losses with direct heterosis in this work, we found that estimates of direct heterosis for the majority of the studied traits (Tables 31 up to 34) were generally larger than the estimates of direct recombination effects (Tables 35 up to 38). 

5.6.1 Litter and lactational traits and feed consumption and conversion parameters

Estimates of direct recombination effects for all pre-weaning litter traits and milk yield and components, milk conversion ratio, and feed consumption and conversion parameters in crossbred does were non-significant (Table 35). Moreover, these estimates of direct recombination effects were mostly with different trends compared to those estimates of direct heterosis. Most estimates of direct recombination effects obtained here reported that there is a potential advantage to use crossbred does and bucks including V-line genes to develop parental lines (maternal and paternal lines having more available heterosis) to be used in hot climate countries. Similar to the present results, the reviewed values for direct recombination loss in some crossbreeding experiments were often not significant (Khalil et al, 2004). In general, the two-locus model of heterosis reflects dominance effect and half additive-by-additive interaction effects whereas the recombination effect included only half of the additive-by-additive interaction effects (Dickerson, 1992).

Negative direct recombination losses for feed consumption and conversion per litter reveal that crossbred does with V genes could mother does with lower feed consumption and higher feed conversion than purebred V does when both groups of does were mated to bucks from the same V purebred. 

5.6.2 Post-weaning growth performance and thermo tolerance characters
The estimates of direct recombination losses were always not significant (Table 36). These favourable estimates gave an impression to indicate that crossbred dams including V-line genes could be effective to improve post-weaning growth performance by crossing V-line with native Saudi rabbits. Information in the literature concerning estimates of direct recombination effects for post-weaning growth performance of crossbreeding experiments in rabbits are scarce. Most of these scarce available results for post-weaning growth performance are contradicted. However, reviewed values of direct recombination loss in some crossbreeding experiments were often not significant (Masoero et al, 1985&1992; Khalil et al , 2002).

5.6.3 Carcass and meat quality traits and blood parameters

Hot carcass, offal, fat and bone weights showed losses of genetic recombination of 268 g, 27.5 g, 15.9 g and 67.5 g, respectively (Table 37). Loss of genetic recombination was also significant for meat weight (130.4 g). However, half of the estimates of direct recombination effects (RI) for different carcass and meat quality traits and blood parameters studied were significant and were mostly with different parameters relative to those estimates of direct heterosis (Table 33). This notation implies that dominance effects on these traits were of considerable importance. As stated before for post-weaning growth performance, reviewed values of direct recombination loss for carcass and meat quality traits in some crossbreeding experiments were in most cases insignificant (Masoero et al, 1985; Masoero et al., 1992).

5.6.4 Semen characteristics

Fortunately, estimates of direct recombination losses for the majority of the semen traits were non-significant and indicate that epistatic recombination losses for these traits in crossbred bucks were of limited importance (Table 38). 
Table 35: Estimates of direct recombination losses (RI) and their standard errors (SE) for litter traits, milk yields (grams) and components (g/100g) and feed consumption and conversion parameters

	Doe trait+
	Direct recombination losses in units ± SE

	Litter traits:
	

	LSB
	-0.729±1.002 NS

	LSW
	-0.755±0.911 NS

	LWB
	19.82±51.87 NS

	LWW
	-105.2±595 NS

	PLS
	0.066±7.2 NS

	Milk yield traits:
	

	MY7
	-2.4±28NS

	MY21
	-6.3±81NS

	MY28
	-10.2±38NS

	TMY
	-13.7±117NS

	MCR
	0.032±0.002 NS

	Milk components:
	

	Fat
	-0.091±0.19NS

	Protein
	-0.032±0.13NS

	Lactose
	-0.023±0.72NS

	Ash
	-0.012±0.25NS

	Total solids
	-0.083±0.256NS

	Feed consumption and conversion parameters:

	TFC
	-99.3±652.0 NS

	DFC
	0.164±25.9 NS

	FCRLWW
	0.075±0.287 NS

	FCRM
	-0.143±0.216 NS

	FCRLG
	0.518±0.414 NS


+Abbreviations and units of measure for the traits were defined in Tables 8&9.

NS = Non-significant.

Table 36: Estimates of direct recombination effects (RI) and their standard errors (SE) for post-weaning growth traits and thermo tolerance characters

	Trait+
	Direct recombination losses in units ± SE

	Body weight (g):
	

	W4
	45.7±88.5NS

	W6
	63.6±65.9NS

	W8
	65.5±70.1NS

	W10
	71.0±76.0NS

	W12
	58.1±82.1NS

	Daily gain in weight (g/d):
	

	DG46
	5.73±4.19NS

	DG68
	1.60±2.14NS

	DG810
	1.37±2.07NS

	DG1012
	1.96±2.09NS

	DG410
	2.63±2.55NS

	DG412
	1.89±2.18NS

	Ear temperature (ºC):
	

	ET6 
	0.008±0.093NS

	ET12
	-0.047±0.101NS

	Body temperature (ºC):
	

	BT6
	0.036±0.094NS

	BT12
	-0.080±0.107NS

	Respiration rate (breath/min):
	

	RR6 
	-1.132±1.471NS

	RR12
	1.352±1.694NS


+Abbreviations and units of measure for the traits were defined in Tables 10&11.

NS = Non-significant.

Table 37: Estimates of direct recombination effects (RI) and their standard errors (SE) for carcass and meat quality traits and blood parameters

	Trait+
	Direct recombination losses in units ± SE

	Carcass traits:
	

	HCW
	267.8±85.1*

	DP
	0.18±1.22NS

	OW
	27.52±8.92*

	Tissues composition of the carcass:
	

	MW
	130.4±64.1*

	FW
	15.9±5.8*

	BW
	67.5±18.7*

	MBR
	-0.544±0.295 NS

	Meat quality:
	

	MP
	-0.35±0.59 NS

	DM
	0.46±0.61 NS

	CP 
	0.06±0.71 NS

	EE
	0.27±0.64 NS

	Ash
	0.058±0.139 NS

	Blood parameters:
	

	TP
	2.53±0.93*

	ALB
	-0.33±0.64 NS

	GLOB
	2.82±1.18*

	AGR
	-0.708±0.885 NS

	CH
	5.05±9.82 NS

	TL
	-106.74±52.97*

	CI
	11.53±5.59*


+Abbreviations and units of measure for the traits were defined in Tables 12&13.

NS = Non-significant; * = P < 0.05.

Table 38: Estimates of direct recombination loss (RI) and their standard errors (±SE) for semen characteristics 

	Semen character+
	Direct recombination losses
units ± SE

	VOL
	-0.02±0.007*

	pH
	-0.017±0.045NS

	CS
	-7.1±2.12 NS

	MS %
	-0.81±0.17 NS

	AS %
	-0.048±0.073 NS

	DS %
	-0.18±0.061 NS

	LIB
	-0.03±0.008 NS


+Abbreviations and units of measure for the traits were defined in Table 14.

NS = Non-significant; * = P < 0.05.

6- CONCLUSIONS AND RECOMMENDATIONS

6.1 Focal conclusions of the study:

1. Synthetic lines of rabbits naming Saudi 1 and Saudi 2 (as maternal lines) and Saudi 3 (as a paternal line) were being formed in this project to be convenient in Saudi Arabia and other hot climatic areas. Involving V-line and Saudi Gabali rabbits in the crossbreeding plan of the project was an encouraging factor since V line showed higher direct and maternal genetic effects for litter and lactational performances and most post-weaning growth and carcass traits than Saudi Gabali rabbits. Direct and maternal genetic effects for most carcass traits (e.g. weights of hot carcass, meat, offal, and bone) were in favour of V line, but these estimates were in favour of the local Saudi rabbits for meat quality traits. These synthetic lines have the adaptability to be reproducing efficiently in different systems of production of hot climates and they have also good capability to grow profitably in these hot areas. So, the synthetic maternal line (Saudi 2) could be used in commercial scale as a pure line or to be crossed with other maternal males to get crossbred does, while the paternal line (Saudi 3) will be specialised in high rates of growth since the program is still currently running to attain more complete benefits of such project to synthesize new lines.

2. The favourable estimates of direct and maternal heterosis obtained in the present study for lactation traits, most growth traits, some carcass traits (weights of hot carcass, fat and bone) and blood parameters (total protein and globulin) and heat-stress physiological parameters would be an encouraging factor for the rabbit producers in hot climate countries to use crossbred does and dams on commercial scale; i.e. crossing V-line with Saudi rabbits was associated with an improvement in milk production along with a reduction in conversion ratio of milk to litter gain. 
3. Insignificant recombination effects for most milk yields and components gave an impression to conclude that crossbred does resulting from crossing V-line with native breeds of rabbits in hot climate countries could be effective to develop synthetic maternal line characterized by high milk production associated with rich components and consequently higher productivity in does could be attained. The insignificant effects for direct recombination for most growth traits conclude that epistatic recombination losses for these traits in crossbred rabbits were negligible, and therefore, there is a potential advantage to use crossbred dams and sires including V-line genes to develop parental lines (maternal and paternal) having more available heterosis to be used in crossbreeding stratification systems in Saudi Arabia and the other hot Arabian countries.
6.2 Diffusion of the genetic improvement:
The final step of a programme is to diffuse the achieved genetic improvement from the nucleus in College of Agriculture and Veterinary Medicine, El-Qassim University to the farms. 

(1) The standard way is to follow a pyramidal organisation, including the multiplication of the nucleus stock in College of Agriculture and Veterinary Medicine as an intermediate step, before the commercial farms. At the multiplication stage, the maternal line is finally obtained (Saudi 2) and the crossbred does are supplied to the producers, but this step can be preceded by a multiplication of the line. In this way, the costs of selection are spread to a higher number of animals. The genetic lag between the nucleus and the farms increases as the stages of multiplication increase. In order to minimize the lag, a de-multiplication program can be established by contracting with some commercial companies of the maternal line. 

(2) Based on “de-multiplication program” in commercial farms, the does will be selected in the nucleus but the bucks are supplied by the nucleus. The companies that “de-multiply” could be big companies aiming to sell pure or crossbred stock throughout Saudi Arabia and other hot climate countries. In this respect, three private companies in France for instance are involved in the meat rabbit genetic improvement and they have created and selected their own male and female lines (Rochambeau, 1998). One of these companies is involved in the “de-multiplication” scheme. Another approach is slightly different in Spain, and completely integrates the multiplication of the maternal lines and their selection. The chosen way is to create what could be called secondary nuclei of selection, owned by farmers, cooperatives or small companies. 

(3) The maternal line will be replicated in each secondary nucleus and will be selected more, under the responsibility of the geneticists of the primary nucleus in College of Agriculture and Veterinary Medicine, in the same way as in the latter. The maternal line selected in the secondary nucleus is used as the dam to produce crossbred does that are commonly distributed to, or produced by, the producers of the region near the secondary nucleus. To get crossbred does, sires will be supplied by the primary nucleus. The main feature of this approach is its simplicity, allowing to produce pure line stock (Saudi 2) and crossbred does at very low prices with a minimum lag between breeders and producers. This approach reduces the health and adaptation problems deriving from the introduction of foreign animals into the farms of Gulf countries and improves the communication between breeding companies and small-scale producers. 

(4) The diffusion of the paternal line bucks (Saudi 3) for the terminal cross can have more different modalities than the maternal line. The paternal line can be owned and selected by the “demultipliers”, by the secondary nucleus, by the primary nucleus or by breeders not related to the programme, associated or not to artificial insemination centre in College of Agriculture and Veterinary Medicine. This approach is very common in the Spanish programme that the secondary nuclei have their own artificial insemination centre, facilitating in this way the complete diffusion of the animals involved in the double cross. In France, breeding companies are also involved in artificial insemination centers. 

6.3 Prospects and recommendations:

Synthetic new lines obtained in the project and the improved Spanish V-line could be introduced in various hot climate countries, in one case by the way of frozen embryos. This novel technology facilitates exchange of genetic material between countries. Crossbreeding programs are in progress in order to define how to combine this material with local lines. Various countries are developing commercial rabbit lines for their national industry for a subsequent crossbreeding program. An alternative could be the development of a multipurpose line. Later, molecular genetic tools are now available, initiate a new period for rabbit research, and rabbit Genetics. Spanish and French teams put forward the hypothesis that there were major genes affecting components of litter size. A genetic map with micro-satellite markers distributed every 10 to 20 cM along the genome will be available (Chantry-Darmont et al. 2004). Simultaneously, the corresponding cytogenetic map will be established in order to provide the chromosomal position of all the genetic markers. The next objectives are to localize loci of genes of interest, to study candidate genes, identified in other species like mice, pig or sheep and to elucidate the molecular nature of  few already proven major genes. 
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Figure 22: Direct and maternal additive effects for litter size at 
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and weaning (LWW) and pre-weaning litter survival (PLS)
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Figure 32: Direct and maternal heterotic effects for milk yields 

(MY) and components (MC) and milk conversion ratio (MCR)
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Figure 33: Direct and maternal heterosis for pre-weaning total 

(TFC) and daily (DFC) feed consumption and feed conversion 

ratios per weight of litter at weaning (FCRLWW), per kg of 

milk suckled (FCRM), and  per litter gain  (FCRLG)

Direct heterosis Maternal heterosis

[image: image119.emf]-20

-15

-10

-5

0

5

10

15

Direct or maternal 

additive (%)

TFC DFC FCRLWW FCRM FCRLG

Figure 24: Direct and maternal additive effects for pre-

weaning feed conversion ratios per weight of litter at 

weaning (FCRLWW), per kg of milk suckled (FCRM), and  per 

litter gain  (FCRLG)
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Figure 23: Direct and maternal additive effects for milk yields 

(MY) and components (MC) and milk conversion ratio (MCR)
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Figure 38: Direct and maternal heterotic effects 

for meat quality traits
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Figure 39: Direct and maternal heterotic effects 

for blood parameters
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