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Foreword

Despite considerable progress in food productidiénlast 30 years, 800 million people in
the world are still undernourished. This is notydoécause of food deficits and inadequate
distribution: the incomes of the poorest are toalsto allow them to procure wholesome
food in sufficient quantities.

Livestock production is a major component of farcoreomies in developing countries,
contributing not only food but also hides, fibrestilizer and fuel, as well as a modest,
interest-producing capital which can easily be riodil when unforeseen needs arise. In
addition, livestock, whether large or small, aret p&the social and cultural reality of several
million small farmers, for whom husbandry represar element of economic stability and
sustainability. Both human and livestock populasibave grown considerably in the last 30
years, but the rates in developed and developingtdes are not comparable. Whereas the
global human population has risen by 75 percemiesi®60, in the developing countries the
rate of increase was 97 percent and in the indliged countries 28 percent. All species of
livestock populations increased, but monogastpags(and poultry) much more than
ruminants.

Small-animal husbandry can be a very lucrative ajo@n for both landed and landless small
farmers; providing work for women, children and tledicapped (the least privileged social
strata), producing substantial income and helpingpgrade the family diet. Many small
domesticated species (guinea-pigs, capybara, edsieetc.) meet these objectives, but rabbit
husbandry is far more prevalent, particularly ia Mediterranean area. Certain traditional
rabbit production systems particularly adapteddt try, semi-arid countries have been
successfully developed.

Backyard rabbitries are particularly well suitecstoall farmers, whether they own land or
not. The advantages are closely related to th@degtive and feeding behaviour of rabbits
and the fact that the species is both profitabteeasy to integrate:

¢ as a small monogastric herbivore, the rabbit yasitommodates a fairly wide range of
cellulose-rich foods;

e it is adaptable to the family diet and food preaton techniques available on small rural
and peri-urban farms;

e it is highly productive in terms of offspring (kg/ar/dam) thanks to mating-induced
ovulation, short gestation and lactation periods great prolificacy;

e it produces highly nutritious, low-fat, low-chotesol meat;

e it is easy to transport and market and the rentioests for maintaining animals beyond the
optimum marketing age are low;



e labour costs are low and the work can be donaiwly members: women and children, or
perhaps aged or handicapped people, usually thevulmerable and least privileged social
strata, for whom rabbit husbandry, like that ofestemall animals, represents an attractive
and remunerative occupation;

e it represents a contribution to the family income;

e investment is low: infrastructure and equipmemt easily be put together by the breeder
and not much space is needed.

Backyard rabbitries are the perfect answer to teddgmand for sustainable development
projects. For this reason, the Food and Agricul@rganization of the United Nations (FAO)
and governmental and non-governmental developnrgah@ations have given firm and
virtually universal support to rabbit projects hretdeveloping countries. In the last ten years,
FAQO's Animal Production and Health Division (AGAasupported and developed rabbit
projects in Egypt, Ghana, Guinea-Bissau, Equat@iahea, Haiti, Mexico, Rwanda, Sao
Tome and Principe and the Democratic Republic @@bngo (former Zaire).

However, projects which have been successful havbad the expected catalytic effect and
others have heavily regressed or completely disaege It would be a good idea to pinpoint
the reasons for these failures and seek the mpsbapate solutions before attempting to
relaunch such activities.

Constraints may concern:

e social, cultural and economic factors: customeeptance of rabbit meat and ease of
marketing;

e a lack of local resources available for balant@a;cost, locally adapted rations;

e the existence of rabbit housing and managemelatsstiyat inhibit the range of rabbit
territorial, social, sexual, material and feedirdpaviours;

e the presence of diseases representing a setafosyas, rather than specific pathologies: if
so, the appropriate approach would be an ecopagicaloone;

e breeder training: breeders may be unfamiliar whith species, which has very different
behavioural characteristics from other domesticapeties. Training should include useful
theory and solid practical apprenticeship.

By the year 2010, the world population will haveen from the present 5.4 billion to 7.2
billion, moving past nine billion by 2025. This mease will be felt mainly in the developing
countries, where the corollary will be sizeablevgitoof the peripheries of urban conurbations,
increased pressure on available land and majorgelsain the composition of animal
populations. There will also be substantial impacavailable natural resources and on the



future demand for livestock products. This will Baev profound effect on the choice of feed
resources and livestock systems.

More land will have to be allocated for food protioie, reducing the feed resources (natural
rangeland, pastures, forage) available to feedgtto®ing population, as can already be seen
in Asia. Even so, appropriate technology can relealitional harvest residues and agro-
industrial by-products which can be used for ligektfeed. Clearly, enhanced food
production requires more efficient utilization aftaral resources and the development of
alternatives such as rabbit husbandry.

This is why this manual, first published in 19&tnow being reissued. This very successful
publication, translated into English and Spanisth @issued in 1990, has long been out of
print. An update thus became imperative in lighthaf major new developments and progress
in rabbit husbandry in the last ten years. Pubboadf the handbook, delayed for many
months, coincided with the Sixth World Rabbit Cagy held in Toulouse from 8 to 12 July
1996. This meeting reported on the latest andraddit technologies, as well as those which
can contribute effectively to food self-sufficienicylow-income food-deficit countries

through sustainable production models.

FAOQ is indebted to the National Institute for Agiiural Research (INRA) team under the
leadership of Francois Lebas for their contributiothis edition, their fine work and the
many concrete instances of fruitful, joint collabtbon over the last few years.

R.D. Branckaert
Livestock Production Specialist
Animal Production Service
Animal Production and Health Division
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Chapter 1
INTRODUCTION AND BACKGROUND

World production and trade

Best known for being prolific, rabbits are alsolheores which efficiently convert fodder to
food. The whole point of meat production is to cert\plant proteins of little or no use to
people as food into high-value animal protein.

In efficient production systems, rabbits can tudrp2rcent of the proteins they eat into edible
meat. Comparable figures for other species ar® 23 percent for broiler chickens, 16 to 18
percent for pigs and 8 to 12 percent for beef.

A similar calculation for the energy cost of th@seteins is even more unfavourable to
ruminants, as shown in Table 1. When cattle orslaee raised for meat production, most of
the energy consumed by the herd or flock is usedaimtain breeding females which have a
low prolificacy: a maximum of 0.8 to 1.4 young perar against 40 for female rabbits. Even
with the theoretical lower energy cost when cattikeraised for both milk and beef, rabbit
meat is still more economical in terms of feed gge¢han beef. Rabbit meat production is
therefore an attractive proposition, especially mtiee aim is to produce quality animal
protein.

Rabbits can also easily convert the available prst@ cellulose-rich plants, whereas it is not
economical to feethese to chickens and turkeys - the only animatls ligher energy and
protein efficiency. The traditional grain and sokes fed to these domestic poultry put them
in direct competition with humans for food. For otries with no cereal surpluses, rabbit
meat production is thus especially interesting.

Historical background
A little history

The domestication of the major livestock speciedtiE sheep, pigs) and the small species
(poultry) is lost in the dawn of prehistory. Bubkat domestication dates back no further than
the present millenium.

Indeed, the wild rabbi®ryctolagus cuniculusf southern Europe and North Africa is thought
to have been discovered by Phoenicians when tlaeheel the shores of Spain about 1000
BC. In Roman times the rabbit was still emblemafiSpain. The Romans apparently spread
the rabbit throughout the Roman Empire as a ganmeahnLike the Spaniards of that time,
they ate foetuses or newborn rabbits, which thdgakurices.



Rabbits had still not been domesticated, but Vafid® to 27 BC) suggested that rabbits be
kept inleporaria, stone-walled pens or parks, with hares and otlidrspecies for hunting.
Thesdeporariawere the origin of the warrens or game parkssbbasequently developed in
the Middle Ages. It is known that monks were in kadbit of eatindauricesduring Lent as

they were considered "an aquatic dis$it)( In France, it became the sole right of the loird
the manor to keep warrens. Rabbits were huntéel, lahd were captured with snares, nooses
or nets.

Several breeds of rabbit were known in the sixteeshtury and this is the first indication of
controlled breeding. Domestication can thereforérédeed to the late Middle Ages. This was
probably mainly the work of monks, since it proddéem with a more delectable dish than
the tougher wild rabbit.

TABLE 1 Average performance of different animal speies and energy cost of proteins
they produce

No.of young  Live weight Live Slanghter Daily weight  Fat content  Food keal

perbreeding  ofbreeding  weightat yietd increase of carcass per g of

formale per female slaughter (%) _— %} usable

year (kg) {kg) (z} ghhvos protein

(keallg)
Broikers 100 30 20 &3 N 30.5 13.0 80
Turkeys &0 10 10.1 79 &5 19.2 13.0 a7
Rabbits 40 4.5 32 &0 32 223 5.8 105
Pigs 12 170 100 73 540 28.4 320 181
Sheep 14 70 50 50 220 8.2 36.0 427
Baef cattle 08 500 475 ]| 250 148 320 442
Dairy cattle® 0.8 500 475 61 950 14.8 320 94

Note; Performarice levels noted by Dickerson for each species ave not peaks, but fall within the easy range of most breeders.
* Theoretical calculation for beef production of a dairy cattle breed, arbitrarily assigning total reproduction and maintenance
costs of adult animals to milk production, retaining only feed portion consumed by slaughter animal, i.e. 43.6 percent of total

energy expenditure.
Source: Dickerson, 1978,

During the sixteenth century breeding seems to Bpuead across France, Italy, Flanders and
England. In 1595, Agricola mentioned the existenfcgrey-brown (wild), white, black,

piebald (black and white) and ash-grey rabbitd.806, Olivier de Serres classified three
types of rabbit: the wild rabbit, the semi-wild"@varren” rabbit raised inside walls or ditches,
and the domesticated or hutch-bred rabbit. The widghie last is described as insipid and that
of the wild or semi-wild type as delicate.

At the beginning of the nineteenth century, after abolition of seigneurial privileges, rabbit
rearing in hutches sprang up all over rural weskrmmope and also in city suburbs. European
colonial expansion saw the introduction of the ralsbmany countries where it was
unknown, such as Australia and New Zealand.



In Europe, breeders usually had a few does anock sf fattening animals, from which they
took according to their needs, as from a lardee dmimals were fed mainly on green forage
picked daily. In winter the breeders supplementedde with hay, beetroots and even grains,
often from stocks intended for large livestock. Biebwere kept in the backyard, with the
poultry. Reproduction was extensive (two or thrderk a year).

From that time on there is frequent mention offthreas a by-product (the breed now called
Argenté de Champagne was described as "rich"){tendlready long-existing Angora
mutant was recorded.

From backyard to rational production

Beginning in the late nineteenth century and pigkip speed in the twentieth, hutch rearing
led to a rabbit population explosion made posdigléhe selection, protection and
multiplication of breeds and mutants unadaptedheéontild. Breeders formed associations.
Breeding techniques were rationalized and hutchemgimproved.

Breeding standards were laid down: each adult lImgexhimal was raised in a separate hutch
because rabbits kept in a confined space becamessie. Young rabbits for fattening were
left together, but in this case the males wereatst. Feeding was the same as in the
previous century, green fodder and grains, bufitsefeeding trials produced certain
guidelines. The Second World War saw the exterd@xelopment of rabbit production
throughout Europe and Japan to cope with meatadst Under these demanding conditions,
rabbits demonstrated their highly efficient feedroersion capacity.

In the 1950s, production slumped in Japan and ¢hine&rn European countries as other meats
with more flavour became available, such as frdzesf from the Southern Hemisphere. But
in the Latin countries of Europe where people ko to cook rabbit, particularly in France,
rabbits were still produced. In the late 1950s, Nm&land rabbits, wire-mesh cages and
balanced pelleted feeds were all introduced inem&e and Italy from the United States. At
the same time, diseases hitherto unknown and appalieked with the new production
techniques (mucoid enteritis and respiratory ailtseappeared and others disappeared
(cenuriasis) or tapered off (coccidiosis).

These new techniques, originally better adaptebecalimate of California than to that of
northern Italy or France, demanded many modificetio production which were often
discovered by trial and error. The hutches espgciahich had always been kept outside,
were put in closed buildings. Ventilation and ligigt problems had to be solved.

The time spent on cleaning cages and collectingd feas reduced abruptly. This freed
breeders to spend more time on the animals thepsdiv the late 1960s and early 1970s, the
work of authors such as Prud'heinal.(1969) led to a sharp drop in weaning age, frorhteig
to four weeks. Postkindling matings replaced poatvey matings. Breeders were able to put
into practice Hammond and Marshall's early obsermat(1925) about postkindling
fertilization of does because feeds were so mugared as to obviate the danger of
abortion in lactating pregnant does through maitioitr.
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At the same time came the explosion of the NewatehWhite rabbit and its offshoot, the
Californian rabbit. The traditional European bre@ésuve de Bourgogne, Argenté de
Champagne, French Belier) underwent a regressism@adilts it is difficult for these breeds to
live on the mesh floors of the cages - the padbeaif paws not being adapted like those of
the New Zealand White and Californian rabbits.

French and Italian breeders worked to improve suithistlly the first New Zealand White and
Californian rabbits imported from the United StatesFrance, the two breeds were combined
to produce specialized hybrid strains accordinipéodesign conceived by the French
National Institute for Agricultural Research (INRA) the late 1970s, these strains crossed
the French border to Italy, Spain, Belgium andRbderal Republic of Germany where, in
large commercial production units, they tendedugptant the traditional breeds. Other

hybrid strains were produced at the same time,c&pein Hungary and the United

Kingdom, but in almost every case the new straiesgevbred from these original two breeds.

Traditional varicoloured rabbits have been graguaplaced by white rabbits. This is having
a considerable impact on the market for skins. Befloe 1970s, furriers tended to favour the
easy-to-dye white skins. Today the reverse istmbite skins are too common. At the same
time, improved production techniques have lowehsdsiaughter age of rabbits in Europe
which has reduced the value of the fur. The hathefskins is "loose" because the animals
are too young.

Production trends in France since the 1950s aengiv Table 2. Industrial rabbit production
(specialists prefer the word "rational” to indusitras the breeder's expertise is still very
important) in Europe today is typically in units200 to 1 000 hybrid does reared in
buildings with artificial or controlled ventilatioThe breeding females are under artificial
lighting for 15 to 16 hours a day and producelaibtigh the year. All animals are reared in
one- to four-storey mesh cages (flat-deck and hatt®lale and female breeding animals are
raised in cages in groups of five to ten (Franak $pain) or one to three (ltaly). Young males
are not castrated because they are sold for skaulgétore or just at puberty. All the animals
are fed exclusively with balanced pelleted feednking water is automatically distributed to
every cage.

TABLE 2 Production trends in France from 1950 to 190 in the most productive
rabbitries

Criteria 1950 1960 1970 1980 1990
Rabbits produced
(sold) per breeding 20-25 30 45 60 65
doe
Average interval
between litterg¢days) 90-100 70 >4 42 40
Concentrate feed *) 6 45 36 33

necessary to produce

11



1 kg live rabbit(kg)

Type of rabbit Common, cf Pure-bred does Specialized  Specialized

no specific breeds _crossed with hybrid strains hybrid strains
breed improver buck

Working hours per 16 16 10 75 6.0

doe per yearhpurg

Labour used to

produce 1 kg carcass 27 22 9.5 6.2 4.3

(minutes)

Number of breeding i 100- i 350-400 up to i

does in breeding units 80-100 150 200-250 1 000 600-4000

Percentage of

investment in retail <3 5-8 12-15 18-20 18-20

price of rabbit(%o)
* Rabbits were not fed concentrates at this date.

At the same time there is a sizeable increaseivater (sophisticated buildings and breeding
installations) and producer-group investments (teszt advisers). Typically, rational
production consists of a very quick successionlgfleases of the reproduction cycle. This
demands extremely close and time-consuming supemy the breeder. The technical
adviser, not being directly involved in these daydty tasks, is of great assistance in the
medium-and long-term running of a unit. His/heasgaland ancillary costs amount to a
sizeable investment for a group of producers @ percent of the sale price of a rabbit).

In many countries of Eastern and Western Euroge Raland, Hungary, France, Italy and
Belgium), a more traditional production systemwsmilar to that of the first 40 or 50 years
of this century, still contributes a considerabéet pf the national output: over 90 percent in
Hungary and nearly 40 percent in France. Thesdéitadl units are usually very small, with
two to 12 breeding females.

World production

National statistics do not generally include ralgbdduction, but a few available basic
statistics allowed Lebas and Colin (1992) to esnaaworld output of roughly 1.2 million
carcasses. A more recent estimate (1994) by the sathors, including almost all countries
in the world, suggests a possible 1.5 million tanriéhis would mean a per caput annual
consumption of roughly 280 g of rabbit meat; a tie&oal figure in that most inhabitants in a
great many countries consume no rabbit meat whats@gainst the 10 kg/year consumed by
French farmers and 15 kg/year per caput in Nafikdy, Europe is indeed the centre of world
rabbit production (Figure 1). The foremost worldgucers, far surpassing all other countries,
are Italy, the Commonwealth of Independent StaiéS)(countries (particularly Russia and
the Ukraine), France, China and Spain (Table 33llirEurope accounts for 75 percent of
world production. China is second, specificallytaar central Chinese provinces such as
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Szechuan. Production areas are also found in segnens of Africa, Central America and
Southeast Asia, particularly Indonesia. Rabbitsnateaeared in most countries of the Near

East. Table 4 gives some indication of per capasamption.

European trends, 1960 to 1980

Rabbit production in Italy was still traditional the early 1970s. However, faced with as
strong a demand for the product in the industeainorth as in the more traditional south,
production units mushroomed between 1975 and TB®®greatest concentration and largest
rabbitries are found in the Venice area, but prtidads also substantial throughout the

country.

TABLE 3 Major rabbit-producing countries in 1990*

Estimated production

Country (carcass weight Country
Thousands of tonnes
Italy 300 Portugal
CIS (former USSF. 250 Morocco
France 150 Thailand
China 120 Viet Nam
Spain 100 Philippines
Indonesia 50 Romania
Nigeria 50 Mexico
United States 35 Egypt
Germany 30 Brazil
Czechoslovakia 30
(former)
Poland 25 Total 22 major
producers

Belgium 24 Other countries
Hungary 23 Total estimated

world production

* Countries producing more than 10 000 tonnes.
Sourceslebas and Colin, 1992; Colin and Lebas, 1994.
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FIGURE 1 Estimate of annual production of rabbit caasses in different countrie@ead
weight in thousands of tonnes)
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Seerce: INRA-FAQ survey, 1991; Colin and Lebas, 1994.
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Countries producing 100 000 tonnes or more

China

CIS (former USSR)
France

Italy

Spain
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TABLE 4 Estimated annual consumption of rabbit meatby country (in kg per inhabitant)

| Country Weight
Malta | 8.89
Italy 571
Cyprus | 4.37
France | 2.76
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Belgium
Spain
Portugal

Czechoslovakia (former)

CIS (former USSR)
Morocco
Slovenia
Greece
Romania
Netherlands
Malaysia
Poland
Tunisia
Nigeria
Germany
Bulgaria
Ghana
Thailand
Venezuela
Philippines
Egypt
Indonesia
Algeria

Viet Nam
Syrian Arab Republic
Colombia
Canada
Jamaica
Mexico
United States
Argentina
South Africa
Hungary
Brazil

17

2.73
2.61
1.94
1.72
0.75
0.78
0.77
0.70
0.64
0.63
0.50
0.50
0.48
0.45
0.44
0.39
0.32
0.31
0.30
0.29
0.27
0.27
0.27
0.27
0.25
0.24
0.23
0.20
0.18
0.14
0.12
0.11
0.10
0.08



China 0.07

Benin 0.04
Democratic Republic of the Congo (former Zair).04
Japan 0.03

Source:Lebas and Colin, 1992: Colin and Lebas, 1994.

Global production rose from roughly 120 000 tonimegbout 1975 to nearly 300 000 tonnes
in 1990.

The situation in France is somewhat different. Qugtabilized at about 275 000 tonnes a
year from 1965 to 1972, then slumped abruptly and stands at roughly 150 000 tonnes.
This situation is in line with the rapid drop irethumber of very small producers who
consumed much of their own production but who, beeahere were so many of them,
supplied an appreciable share of the rabbits magk&uring the same period many newly
established rational units of 50 to 500 did noyarbse the small-scale producer gap, but
also managed to increase slightly the tonnageldfitmarketed, which rose from 80 000 to
90 000 tonnes in the years 1960 to 1965 to 1001A@0O00 tonnes at present. A considerable
research effort aimed at improving production téghes was responsible for this increase.

The traditional production sector in Spain produltitié during the 1960s. The many rational
units that were opened from 1970 onwards led foeatacular leap in the output and
marketing of rabbit meat. The present total is @00 tonnes. Production models were
transposed directly from France.

Lagging about 15 years behind Spain, Portugal dgeel rational production incorporating
the progress made in French, Italian and Spanlidtitrees. Portugal, with an annual per caput
carcass output of 2 kg, is on a par with Belgiumvimume of production: 24 000 tonnes per
year.

Rabbit meat production and consumption in othertéfasEuropean countries are still low.
However, there seems to be a slight upturn in Geymahere breeders are being encouraged
to increase their output. There is a large numbé&arxy breeders in Germany who raise a
few pedigree animals as a hobby and also eat d progbrtion of the rabbits produced for
this purpose. Production and consumption in SweaehNorway are very low. Rabbit
breeding is still a tradition in Denmark, althougle national output, once mostly exported to
Germany, has now dropped.

Hungary stands out among Eastern European counthéespredominantly agricultural
country encourages family-scale rabbit productiatt Wwe to 20 does. At the same time, the
large production complexes with 10 000 to 15 0Gf:=dmg females established in the 1970s
and 1980s have been abandoned because of manageoidems. They have been
downsized and serve primarily to supply selectegthers for small-scale operations. The
young fattened animals produced on family farmscatiected and almost all exported to
Italy. In the early 1970s exports to Italy congilsteainly of live animals. The rabbits were
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slaughtered in the Milan area. Most rabbits froomghry are now exported as fresh carcasses.
In Poland, small family rabbitries (five to 20 bdésy females) are still the rule. The rabbits
produced are expected to provide good-quality ragatell as fur for marketing. Therefore

they are usually slaughtered late (four to six mepfor better skin quality. Some animals are
collected as in Hungary, but exported as frozenasmes (generally heavy). The sizeable
Czechoslovakian production is mainly for nationahsumption but, as in Germany, there are
many (80 000-90 000) fancy breeders raising a fesigree rabbits as a hobby.

North and South America

Rabbit production and consumption in the UnitedeStare concentrated primarily in the
three Pacific States and in the southern Stat®tissfouri and Arkansas. A frequent estimate
of national output is 15 000 to 17 000 tonnes,dmutipdated review by Colin (1993) suggests
the figure may be as high as 35 000 tonnes. Yoabbits of approximately 1.8 kg live

weight are eaten as "fryers”. On the east coast ievirtually no market and the only rabbits
are pets.

Rabbit production in Canada is modest, mainly cotre¢ed in the provinces of Quebec and
Ontario, where it is subsidized by the provinciavgrnments. The slaughtered carcasses are a
little heavier than in the United States.

In Mexico, the promotion of backyard rabbitriesimal and peri-urban areas has led to a total
annual output of 10 000 tonnes, from these smatsuproducing mainly for home
consumption, and commercial units combined. Therare small (20 to 100 does) and use
balanced concentrate feeds almost exclusively.fdimdy units rely on forage (alfalfa, maize
or sorghum stems) and kitchen wastes. This rabhitrfortunately decimated by viral
haemorrhagic disease (VHD) in 1990, is now beitgibditated.

In the Caribbean area, rabbit production is basi¢amily style and forage-based.

The rabbits are often small local breeds descefrdadanimals imported some tens or
hundreds of years ago. However, notable efforte teeen made in Cuba to develop
improved breeds and use more intensive productiethoads. In Guadeloupe and Martinique
in the French Antilles, intensive commercial progiue in small units of 25 to 100 does has
grown side by side with traditional production Inetlast decade. This development is based
on animals and concentrate feeds imported fromdéran produced locally. Performance is
good: does produce 30 to 40 young a year and Hressld at 2.2 to 2.4 kg at about 80 days.

In South America the biggest producers are Brawil @ruguay, in large commercial units
with thousands of breeding females. The animalsegdly raised extensively, are fed locally
manufactured balanced concentrate feeds.

Asia

Rabbit production does not seem to have truly dgez in Asia except in Indonesia and,
particularly, China. The Philippines, Malaysia, aad, Viet Nam and the Republic of Korea
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also produce a small amount of rabbits. No offistakistics are published in China on the
production and consumption of rabbit meat and diffscult to approach the question of
production in a country of a thousand million inhabts without official statistics. However,

it does appear that rabbits for export (mainly todpe) come from the nearly 20 million
Angora rabbits produced. They are usually slaughtgery young, after the second or third
clipping at most. Production is mixed: angora wglals meat. Thus, financially, meat appears
to be the byproduct and angora wool the main pripdeiching 55 to 70 percent of the return
for each animal. The animals are fed forage anitl@drain and grain byproducts.

Production units do not appear to be spread thrmuigBihina, but rather concentrated in
certain villages. This enables better support iteesl and facilitates the marketing of a product
which remains, in principle, traditional. In oti@hinese provinces, such as Szechuan, there is
substantial production of meat rabbits intendetharily for local consumption. Part is, in

any case, collected for export to hard-currencyntoes.

Africa

There is a tradition of rabbit production in theefiMediterranean countries of Africa. Per
caput production varies from Egypt's 0.27 kg to dbmo's nearly 0.78 kg. The traditional
production systems in the southern parts of thegems feature an original habitat where
rabbits are group-reared in burrows dug into thiéhea

In sub-Saharan Africa, the two main producers agei and Ghana and to a lesser extent
the Democratic Republic of the Congo, Cameroone@dtvoire and Benin.

There is commercial production in these counttes$ most rabbitries are family-owned, with
part of the output for market. The national ralpipdduction development programme in
Ghana, for example, proposes a system where samailyfunits keep only three to six
breeding animals, so they can be fed on local preduforage, cassava, etc. - and produce
surplus animals for sale.

International trade
The rabbit meat market

Few countries are involved in the internationatiérathe annual trade figure is over 1 000
tonnes of carcass equivalent. Only nine countrieg®gporters, only six are importers and
eight are both.

The actual volume of international trade is quiteal: 6 or 7 percent of world output,
according to the data source in Table 5. A totél®tountries account for 95 percent of the
international trade (imports and exports alike)plying that rabbit meat production is
generally for domestic consumption.

TABLE 5 Major rabbit meat importing and exporting ¢ ountries (in millions of tonnes of
carcass equivalent per year)
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Country Exports Imports Balance
Austria 0 1.0 -1.0
Belgium 10.3 13.0 -2.7
Canada 1.0 3.0 -3.0
China 40.0 0 +40.0
Croatia 1.0 0 +1.0
Czechoslovakia (former) 3.0 0 + 3.0
France 5.0 11.0 -6.0
Germany 0 5.0 -5.0
Hungary 22.7 0.7 +22.0
Italy 0.65 30.0 | -29.35
Japan 0 3.0 -3.0
Mexico 0 3.0 -3.0
Netherlands 3.75 3.700 +0.05
Poland 6.0 0 + 6.0
Republic of Korea 0 1.2 -1.2
Romania 1.0 0 + 1.0
Serbia 15 0 +15
Singapore 0 1.0 -1.0
Spain 0.5 2.5 -2.0
Sri Lanka 0 1.0 -1.0
Switzerland 0 5.0 -5.0
United Kingdom 0.2 9.0 -8.8
United States 2.0 3.0 -1.0
Total 94.1 97.6
Total world trade 100 100

Source:Colin and Lebas, 1994.

The two biggest exporting countries are China (@0 @nnes) and Hungary (23 700 tonnes).
It is difficult to get a clear idea of Chinese exgdor two reasons. First of all, interannual
fluctuations in the volume of trade are great: @smexports to France in 1989 were 9 400
tonnes, but only 2 500 in 1991. This is partly heseaof true production fluctuations in China,
e.g. resulting from the VHD epidemic, and partlgdnese of storage potential and carryover,
as Chinese rabbit meat is almost exclusively salgein. The second reason is that China
sometimes exports directly to developing countmeaking it very difficult to gather data.
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In Hungary, all output is aimed at the export marless than 5 percent is for domestic
consumption. Hungary is an exception here: onlya@ads near with 50 percent of the
national output exported.

The main buyers in order of importance are Italglggim, France and a few other Western
European countries: the United Kingdom, Germang Nbtherlands and Switzerland. Other
Eastern European countries also supply the abbgeCzech Republic and Slovakia with 3
000 tonnes, Poland with 6 000 tonnes, Romania W0 tonnes, and the former
Yugoslavian countries of Croatia and Serbia.

The biggest importer in absolute terms is Italgpapparently the prime consumer. The
major Italian suppliers are Hungary, China, forragoslavia and sometimes Romania and
Poland. Belgium is second, but with very strongakfiows. France is the third importer in
terms of quantity, importing from 4 000 to 12 0@@nes depending on the year, mainly from
the same suppliers as Italy, but with China irt filace.

Imports for national consumption are largest int3ariand with about 60 percent, which is
partially explained by the very strict legislation the conditions for production, resulting
from the influence of the "eco-lobby". France isit@erland's main supplier, followed by
Hungary and China.

Some countries such as Belgium and France aretpthrters and exporters, with export
prices generally topping import costs. France thugs rabbits cheaply from China and sells
rabbits at a much higher price to Switzerland. Wilse, Belgium, the Netherlands and even
the United Kingdom import from China and the Eastéuropean countries, while exporting
part of their own output to France. In a similaimyeéhe United States imports from China and
exports to Canada. China exports all rabbit me&biren form, whereas the Eastern
European countries export mainly fresh meat. Saveer&bbits are also exported from the
Netherlands to France or from the former Yugosiagauntries of Slovenia and Croatia to
Italy.

The market for rabbit skins

Data on skin marketing are much scantier thandbbit meat. France appears to be the main
producer of raw skins, but the practice of reimaion after partial treatment rather
complicates the figures. France uses 56 perceaheddkins it produces, about 70 million.

About 60 percent of these are poor-quality skinsifivhich only the hair is recovered (12 to
20 percent of dry pelt weight). The best-qualitinskare used after tanning for garments (5 to
8 percent) and linings, gloves and so on.

Most other producers also market rabbit skins hat@lS and Poland, for example,
apparently make domestic use of all the skins gregluce. Australia must be considered a
producer, as it exports the skins of wild rabbite# in extermination campaigns (small
skins).
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The main importers of raw skins are developing toes such as the Republic of Korea and
the Philippines, with the low-cost labour to do thiessing. After fairly complete processing,
these skins are re-exported to developed coursuels as the United States, Japan, Germany
and ltaly.

Angora wool

Used mainly in textiles, the wool of the Angorabsalforms a special sector of the
international wool trade. World production is madast the value per unit of weight is high:
40 to 50 times that of greasy wool.

Europe's share of the ever-growing world outputy estimated at 8 000 to 10 000 tonnes, is
at present about 250 to 300 tonnes a year. Praduistinainly concentrated in the Czech
Republic and Slovakia (80 to 120 tonnes a yeagnée (100 tonnes), Hungary (50 to 80
tonnes) and, to a lesser extent, Germany (30 torites). But tonnages have again fallen in
recent years as a result of marketing problemsnallsamount is also produced in the United
Kingdom, Spain, Switzerland, Poland and Belgiunsellhere in the world, Chinese
production is by far the highest in the world &0 to 9 000 tonnes a year. Japan also has a
small output of 50 to 60 tonnes. Small quantitiesadso produced in Argentina, the
Democratic People's Republic of Korea, the Repudili€orea and India.

There is brisk trading in both raw angora wool #melspun yam. The main end-users are
Japan, the United States, Germany and, particuliéaly. The trade is characterized by
regular four-year cycles due not to production,clihis in fact regular, but to fluctuations in
demand dictated by fashion. Since 1985, howevenrdvwrices have remained at rock-bottom
levels.

Rabbit meat quality
Carcass composition

Carcasses are presented in different ways in diitecountries. Traditionally in certain
African countries rabbits for the market are simiplgd and gutted (only abdominal white
offals). This was also true of Italy only a few ygago.

In France until recently the carcasses were sotthsk, with the thoracic viscera, liver and
kidneys, and the head and paws still covered withTthis changed in 1980 and now the
paws must be removed.

In Canada and the United Kingdom the carcassedrassed much as beef carcasses: no head,
no viscera and, of course, no paws. So slaugheédsycan vary greatly from one country to
another. Yields also vary among breeds (Table @)aacording to age (Table 7) and diet
(Tables 8 and 9). Slaughter yield improves with: dgea given carcass weight, animals with

a high growth rate, receiving more balanced feedegally have a better carcass yield. Too
much roughage in the diet tends to overdeveloglitpestive tract and thereby lower yield. A
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fibre-rich feed that did not lower the speed ofvgitowould not modify slaughter yield,

however.

TABLE 6 Slaughter yields of different rabbit breedsand crosses at 10 to 12 weeks, in

Belgium
Live Carcass yield Proportion of Edible
Breeds and weight | Old French | Ready | 'Ump (legs, | Dissectable offals (liver,
crosses (kg) presentation to cook Pack)tofront = fat(g) _ heart,
(%) (%) portion kidneys) @)
Blanc de
Termonde 2.29 65.0 57.7 1.51/1 75 95
(BT)
New Zealand
White (N2) 2.49 64.6 57.2 1.54/1 a7 87
fcaa'llfi?;”'a” 213 65.6 58.4 1.54/1 55 73
Bleu de /
Beveren (BB’ 2.05 61.1 54.7 1.50/1 55 95
BT x NZ 2.33 62.7 55.9 1.62/1 90 87
BT x hybrid 2.26 63.2 55.7 1.56/1 43 95
ﬁ;brﬂr(;‘erc'a' 2.81 66.0 5.4 1.56/1 85 110
Calif. x BB 2.14 62.8 56.1 1.52/1 100 100

Source Reyntenst al.,1970.

TABLE 7 Slaughter yield of New Zealand Whites, by ge'

Age in weeks
9 11 13 15

Live weight at slaughtékg) 1.702.12/2.47 2.67
Carcass weightkg) 1.181.481.76/1.93
Slaughter yield%) 69.269.8671.672.1

! ltalian presentation with skin.
2 After 24-hour fast.
Source:Di Lella and Zicarelli, 1969.
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TABLE 8 Effect of feed type on slaughter yield: rok of supplementary bulk feed

Low-bulk feed High bulk feed

Straw conten(%o) 0 20
Crude fibre content%o) 4 12
Presentation (choice) alone straw alone + straw
Percentage of straw in free cho{@ DM) | - 15.9 - 6.1
Live weight at 70 daygg) 152 172 196 1.88
Carcass weightkg) 0.94 1.0 1.20 1.14
Slaughter yield%) 614 57.7 | 61.3 60.6

Source:Reyne and Salcedo-Miliani, 1981.

TABLE 9 Impact of balanced feed on slaughter yieldf Fauve de Bourgogne rabbits

Balanced Alfalfa + Dehydrated alfalfa
feed maizée? only
Age at 2.2 kgdays) 78 88 96
Conversion ratéDM) 3.92 4.80 6.90
Slaughter yield%) 63.7 59.7 56.8
Fattening cost for 1 kg carcass 100 89.8 123.9

(index)
! Average live weight at slaughter 2.2 kg.

% The ratio chosen by the animals was 36 percerteraid 64 percent dehydrated alfalfa.
Source:Lebas, 1969.

Meat composition

Compared with the meat of other species, rabbit msaé&her in proteins and certain vitamins
and minerals. However, it has less fat, as showrahbie 10.
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TABLE 10 Meat composition of different animal specgs Values given per 100 g of meat

Energy Water Crude Crude Crude Cal- Phos- Potass  So0-  Iron Vitamnips

fkeal) (g) pro-  dats  ash cum phorus sium dium {mg) Nigg- Cal-

teins (g} (g} (mg) (mg) d{mg) (mp) A B B B tinic cum

{5 (UD fmg}(mg) (mg} acid panto-

(mg} te

(mg)
Boef
Leqn

met 195 65 20 12 12 W 30 65 3 40 010 020 15 S 0.45
Fatty

meat 380 & 155 ¥ 07 B A0 B0 65 25 90 005 015 15 4 0.45
Matton
Lean

medat 210 & 18 145 14 10 146 350 78 15 & 0I5 020 Q3 5 0.5%
Fatty

meat fo RO R ) 10 130 380 75 1 8 015 020 03 45 035
Pork
Leon

meat 20 6 17 21 08 W0 195 70 25 traces 085 020 03 45 050
Festty

330 545 15 25 06 9 170
Chicken 200 4 195 12 1 10 240
Robbit 160 7O N g 1 20 350
Source. Adrian, Legrand and Frangne, 1981,

70 22 fraces 0.70 015 03 4 0.50
70 15200 005 010 045 § .90

E§EE &

40 1.5 - 010 005 04513 0.80

TABLE 11 Proportion of the principal fatty acids in fat deposits of different animal
species

Fatty acids |C14:0 C16:0 C16:1/C18:0/C18:1 C18:2 C18:3
Tallow (ruminants) 4 27 2 24 42 1 25 -

Fat (pigs) 1 27 3 12.5 45 8 0.5
Fat (poultry) 0.1 26 7 7 40 20 -
Fat (rabbits) 3.1 29 6 6.1 28 179 65

Source:Adrian, Legrand and Frangne, 1981; Ouhayeual.,1981.

Rabbit fat contains less stearic and oleic acidn tither species and higher proportions of the
essential polyunsaturated linolenic and linolettyfacids (Table 11).

The anatomical composition of the rabbit carcasgesavith age. The proportion of muscle
mass to body weight remains constant: over 2 lgwreight for a strain weighing 4 kg (adult

26



animal). But the proportion of fatty tissue tendsricrease. This ratio shows up in meat
composition, as Table 12 shows.

TABLE 12 Changes in hindleg muscle tissue composit in New Zealand Whites,
according to age

Age
30 days 70 days 182 days

Degree of maturity% of adult weight) 17 55 100

Water 77.7 74.9 72.7
Proteins (N x 6.25) 18.2 20.2 21.3
Fats 2.8 3.7 4.8
Mineral salts 1.2 1.2 1.2

Source:Ouhayoun, 1974.

TABLE 13 Water losses from grilling rabbit meat, acording to age and fat content

Age of rabbits
86 days96 days 105 days

Carcass weigh(kg) 1.40 1.54 1.63
Kidney fat(% carcass) 15 2.2 3.4
Loss from cooking hindle¢fo) 30.9 27.6 27.3
Lossfrom cooking back%) 34.1 30.9 30.8
Fat content

Leg (%) 4.8 4.9 6.0

Back (%) 15 1.7 1.6
Source:Fischer and Rudolph, 1979.

The proportion of oleic add in the fat also incesawith age and palmitic add decreases.
Organoleptic properties

The organoleptic properties of rabbit meat, likesin of other species, are tenderness,
juiciness and flavour. Rabbit meat does not haverg strong flavour. It is comparable to,
but not identical to, chicken.

Tenderness varies with muscle age and dependsamges$ in the proportion and type of

conjunctive tissue supporting the muscle fibres Yybunger the rabbits are slaughtered, the
more tender the meat will be. On the other hamdoflir tends to develop with age. Although
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little research has been done on this, it is kntivan flavour improves with the quantity of
internal fat in the muscle. In the same way, juassmdepends largely on the fat content of the
carcass. The fatter the carcass the lower its watgent, but the better it retains what juice it
does have (Table 13).

Slaughter conditions, especially the onset of rigortis, can modify the tenderness and
juiciness of rabbit carcasses.

Selection for growth rate combined with confinedrieg favour the anaerobic metabolism of
rabbit muscle tissue. Animals raised in rationabitries therefore have a higher portion of
white muscle fibre, which gives the meat a liglt@liour.

Customer appeal

In Latin countries, which are traditional rabbinsomers, customer appeal is no problem.
Rabbit meat is even classified as "sought afted'iareaten on special occasions. However, it
is less frequently served when a guest is invitegdin the family at table. In Anglo-Saxon
countries, rabbit meat is not a traditional fodds thought of as wartime fare, conjuring up
memories of food shortages. A century ago, howedeas of thousands of rabbits were
imported every week from the Netherlands for thadan market.

In other countries the situation varies greatlythAugh the Koran in no way prohibits rabbit
meat, production and consumption are virtuallyimiinost Arab countries. Yet rabbits are a
traditional food in certain Maghreb countries sashiEgypt and the Sudan.

In Mexico, people were not in the habit of eatiaghbit meat until an advertising campaign
boosted consumption. A reverse example is offeye@ieece. A rational development
programme of large-scale commercial production wgdemented in mainland Greece in the
late 1960s with relative success in technical teBuog marketing made no real headway as
Greeks were not in the habit of eating this mehéer& had been no advertising campaign to
promote it so consumers did not buy it. Paradokicah the island of Crete, consumption is
10 kg per person per year.

The only religious bans concern the Hebrew religmonsumption in Israel outside the Arab
population is nil) and certain Hindu sects (genbeal on eating meat). Formerly, there was
also a religious ban in force in Japan which foebtiee eating of meat from four-legged
animals. When rabbits were introduced into Japabout 1350 by a Dutchman, the meat
was sold as chicken. In modern Japan rabbit mesgdten, although the total amount is still
modest (1 000 tonnes from domestic production IA60 tonnes imported from China).

In the 1981 INRA-FAO survey of 64 developing coiggreporting on the development
potential for rabbit production in their countri@§ percent thought it feasible and 22 percent
considered that social customs would not favourhe remaining 8 percent were against it
for religious or other reasons.
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Rabbit meat consumption is much easier to develwgrevpeople are already used to eating
widely different kinds of meat, as from hunting.ig would be generally true of sub-Saharan
Africa. People with monotonous diets will find étder to accept this new product. However,
the example of Mexico, with its traditional dietrokize and kidney beans, shows that a well-
planned development campaign can do much to protheteecessary change in eating habits.
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Chapter 2
NUTRITION AND FEEDING

Anatomy and physiology

In an adult (4 to 4.5 kg) or semi-adult (2.5 tod} kabbit the total length of the alimentary
canal is 4.5 to 5 m. After a short oesophagus tisesiessimple stomach which stores about 90
to 100 g of a rather pasty mixture of feedstuffs.

The adjoining small intestine is about 3 m long 8r&lto 1 cm in diameter. The contents are
liquid, especially in the upper part. Normally there small tracts, about 10 cm long, which
are empty. The small intestine ends at the baieeafaecum. This second storage area is
about 40 to 45 cm long with an average diamet& af4 cm. It contains 100 to 120 g of a
uniform pasty mix with a dry matter content of ab® percent. The caecal appendix (of 10
to 12 cm) has a much smaller diameter at the énevdlls are composed of lymph tissues.

Very near the end of the small intestine, at thea@ce to the caecum, begins the exit to the
colon. The caecum thus appears to be a blind pbrasiching off from the small intestine-
colon axis (Figure 2). Physiological studies shbat this blind pouch-reservoir forms part of
the digestive tract: the contents circulate frombhase to the tip passing through the centre of
the caecum, then return towards the base, alongdheThe caecum is followed by a 1.5 m
colon: this is creased and dented for about 50mox{mal colon) and smooth in the terminal
section (distal colon).

These various organs are shown in Figure 2, wHadh@esents data on the size and features
of their contents.

The alimentary canal, which develops rapidly inybeang rabbit, is nearly full size in an
animal of 2.5 kg, when it has reached only 60 t@&@ent of adult weight.

Two major glands secrete into the small intestihe:liver and the pancreas. Bile from the

liver contains bile salts and many organic substamnehich aid digestion, but has no enzymes.
The reverse is true of pancreatic juice which costa sizeable quantity of digestive enzymes
allowing the breakdown of proteins (trypsin, chytngpsin), starch (amylase) and fats
(lipase).

Generally speaking, the length of the small intes{B to 3.5 m) and its relatively small
capacity contrast with that of the storage area gtbmach and caecum), which hold 70 to 80
percent of the total dry matter content of the sliiye tract. The water content can vary
markedly from one segment to the next owing to lyaBcretions and water absorption.
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Digestive tract and caecotrophy

Feed eaten by the rabbit quickly reaches the stormfdeere it finds an acid environment. It
remains in the stomach for a few hours (threexy sndergoing little chemical change. The
contents of the stomach are gradually "injectetth the small intestine in short bursts, by
strong stomach contractions. As the contents ¢éméesmall intestine they are diluted by the
flow of bile, the first intestinal secretions anddlly the pancreatic juice.

After enzymatic action from these last two secretithe elements that can easily be broken
down are freed and pass through the intestinaltevdde carried by the blood to the cells. The
particles that are not broken down after a to&y} sf about one and a half hours in the small
intestine enter the caecum. There they have tofstaycertain time, from two to 12 hours,
while they are attacked by bacterial enzymes. Eltsnehich can be broken down by this
new attack (mainly volatile fatty acids) are fresedl in turn pass through the wall of the
digestive tract and into the bloodstream.

FIGURE 2 The digestive system of the rabbit

LWER
Oesophops
LIVER “d ions Q,,% STOMACH
kg M Wi f‘mﬂ
Sonl 'm:otmg
4 DM contant: 17%
ouodonry7E0 TN bl cottent 151020
CAECAL APPENDEX
Waight: 10g
Length: i3 em
Contentp 1g
CAECUM
Welght 269
Langth 40 crn
Contents 10010 120 g
DM content: 20%
pH content & 0 PROXIMAL COLON
Length 50cm
DM content: 20 1o 25%
pH content: 8.5
DISTAL COLON
Lafgth: 90 cm
Fusts cok mm.mmm
Rachu Anus

Note: Numencal vatees are those observed in the New Zealand White breed, aged 12 weeks, fod a complete batanced
pelleted feed.
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The contents of the caecum are then evacuatedh@toolon. Approximately half consists of
both large and small food particles not alreadykénodown, while the other half consists of
bacteria that have developed in the caecum, fedaiter from the small intestine.

So far, the functioning of the rabbit's digestikat is virtually the same as that of other
monogastric animals. Its uniqueness lies in thé fdumetion of the proximal colon. If the
caecum contents enter the colon in the early gahteomorning they undergo few
biochemical changes. The colon wall secretes a swwbich gradually envelops the pellets
formed by the wall contractions. These pellets gath elongated clusters and are called soft
or night pellets (more scientifically, caecotrophéfthe caecal contents enter the colon at
another time of day the reaction of the proximdbnas entirely different.

Successive waves of contractions in alternatingctiions begin to act; the first to evacuate

the contents normally and the second to push treark into the caecum. Under the varying
pressure and rhythm of these contractions the ntmtge squeezed like a sponge. Most of the
liquid part, containing soluble products and srpaliticles of less than 0.1 mm, is forced back
into the caecum. The solid part, containing malaige particles over 0.3 mm long, forms
hard pellets which are then expelled. In fact, essalt of this dual action, the colon produces
two types of excrement: hard and soft. Table 14vshibe chemical composition of these
pellets.

The hard pellets are expelled, but the soft pelletsrecovered by the rabbit directly upon
being expelled from the anus. To do this the rafvbgts itself round, sucks in the soft faeces
as they emerge from the anus, then swallows witbleetving them. The rabbit can retrieve
the soft pellets easily, even from a mesh floortiByend of the morning there are large
numbers of these pellets inside the stomach, wthesemay comprise three quarters of the
total contents.

From then on the soft pellets follow the same digegprocess as normal feed. Considering
the fact that some parts of the intake may be tedyance, twice and even three or four times,
and depending on the type of feed, the rabbitedlige process lasts from 18 to 30 hours in
all, averaging 20 hours.

The soft pellets consist half of imperfectly brokgmwvn food residues and what is left of the
gastric secretions and half of bacteria. The |atbetain an appreciable amount of high-value
proteins and water-soluble vitamins. The practiceaecotrophy therefore has a certain
nutritional value.

The composition of the soft pellets and the quamtdpelled daily are relatively independent
of the type of feed ingested, since the bactenaarne constant. In particular, the amount of
dry matter recycled daily through caecotrophy dependent of the fibre content of the feed
(Table 7-15). The higher the crude content of gezlfand/or the coarser the particles, the
sooner it passes through the digestive tract.

On the other hand, this particular function rega@ughage. If the feed contains few large
particles and/or it is highly digestible, most loétcaecal contents are pushed back to the
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caecum and lose elements which nourish the "norbaadteria living in the caecum. This
would appear to increase the risk of undesirabbtebia developing in this impoverished
environment, some of which might be harmful.

It is thus advisable to include a minimum of rouggan the feed, enabling the rabbit's
digestive process to be completed fairly rapidtytheory, roughage is provided by the crude-
fibre content of the feed, as this is normally esthard to digest. However, certain fibre
sources (beetroot pulp, fruit pulp in general) leghly digestible (digestibility of crude fibre
varies from 60 to 80 percent). Recommendations maae on quantities of indigestible
crude fibre to be fed are therefore given belowl&46 gives the chemical composition of
various raw materials which can be fed to rabbits.

Caecotrophy regulation depends on the integrityefdigestive flora and is governed by
intake rate. Experiments have shown that caecoyrefaits eight to 12 hours after the
feeding of rationed animals, or after the intakakpef animals fed ad lib. In the latter case,
the intake rate and hence the function of caechyrepe governed by the light regime to
which the animals are subjected.

Caecotrophy also depends on internal regulatorggases as yet not understood. In particular,
the removal of the adrenals halts caecotrophy.i€oé injections of animals without

adrenals causes the resumption of normal behavibierdigestive process of the rabbit
appears to be highly dependent on adrenalin sensetHypersecretion associated with stress
slows down digestive activity and entails a higlk of digestive ailments.

TABLE 14 Composition of hard and soft faeces: averges and range for ten different
feeds

Components Hard pellets Soft pellets

Average Range Average Range
(Percentage)

Moisture 41.7 34-52 72.9 63-82
Dry matter 58.3 48-66 27.1 18-37

(Percentage of dry matter)

Proteins 13.1 9-25 29.5 21-37

Crude fibre 37.8 22-54 22.0 14-33
Fats 2.6 1.3-53 24 | 1.0-4.6€
Minerals 89 | 3.1144 10.8 6.410.8

Nitrogenfree extrac 37.7 28-49| 35.1 29-43

Note: Balanced concentrate feeds, green and dry forages.
Source:Proto, 1980.
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TABLE 15 Intake and excretion of dry matter by growing rabbits eating isonitrogenous
feeds containing two levels of straw in place of nee starch

Experimental feeds
Low fibre content High fibre content

Straw conten(%o) 5 20
Crude-fibre conten(o) 10.8 16.8
Daily dry-matter intakéq) 60+28 67128
Dry matter excreted each day in:
hard pelletgg) 2015 3318
soft pelletyq) 10+4 1045

Note: Average + 1 standard deviation from the mean.
Source:C. Dehalle, personal communication, 1979.

Caecotrophy first starts to function in young rabljdomesticated or wild) at the age of about
three weeks, when they start eating solid feedlditeon to mother's milk.

Feeding behaviour

Feeding behaviour studies have basically invohadabits receiving balanced concentrates or
fed ad lib on dry feed (cereals, straw, dry forage)

The feeding pattern of newborn rabbits is imposgthe dam. A doe feeds her young only
once every 24 hours (although some does will nilvsie young twice). Suckling lasts only
two or three minutes. If there is not enough nti& young try to feed every time the doe
enters the nestbox, but she will hold back her niliis behaviour signals insufficient milk
production in the doe.
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TABLE 16 Chemical composition of different raw mateials suitable for feeding rabbits

DM F CF ICF TN Llvs SAA Mx Ca P DE
Oats B6 53 102 8 100 040 050 270 D08 034 2800
wheat 84 19 23 10 113 032 047 145 006 033 3100
Maze 86 42 22 06 90 025 03 135 001 027 3200
Baney 86 20 40 38 160 037 042 230 005 035 3000
Sorghum 86 30 25 10 100 023 033 145 003 030 3150
Paddy rice 87 21 86 65 80 028 035 458 005 02 285
fine wheot bran 87 40 96 68 150 056 050 540 033 120 2300
Second-qualty wheat fiour 88 27 14 01 149 0S50 046 200 007 045 3200
Browety croft 9) 76 153 35 252 070 061 407 028 0S50 2800
Maize bron 89 83 90 38 100 027 036 2469 008 023 2750
Soyo coke 44 88 1.8 74 68 425 270 127  6D0 030 062 3260
Soye cake 48 88 20 56 48 458 291 137 630 D30 049 3310
Suntiower cake %0 1.8 265 186 205 107 126 622 035 090 2770
Rapesead cake 89 18 17 74 352 183 173 700 075 1,10 2800
Cotonsoed cake 9 1.4 130 90 410 172 050 446 020 100 279
Horse beon 87 13 75 50 264 14 055 338 011 061 2800
Field pea 86 16 55 40 220 40 059 340 008 045 2800
Extruded soya 89 180 &0 42 370 235 115 445 025 057 4400
Grass med 91 37 210 143 170 075 044 127 070 042 1730
Dehydiated aifatia A %0 30 270 220 155 0468 042 9S00 140 025 1800
Dehydrated altalfo B 20 29 250 205 166 073 045 $45 150 025 1850
Soybeon husks 92 20 340 320 127 070 035 549 040 0.17 1800
Cocoa husks 90 45 186 140 165 090 038 7462 030 035 2190
Wheat straw 88 13 420 390 40 020 012 B30 047 00° 700
sugarbest pulp %0 10 180 50 88 054 013 542 0% O 2700
Cifrus pulp 20 a0 120 51 &0 025 004 545 210 012 3000
Gluten fead %0 g a3 46 210 06% 097 710 028 0J0 2770
Cassava B5 017 46 20 26 O00° 006 522 030 019 2850
Carob beon 86 24 78 70 50 018 01 343 045 010 2390
Sugar-beet molasses 77 03 00 00 77 004 010 893 025 002 2600
Arimal fat 95 95 00 00 00 0C 00 00 00 ©OC 800
soybeon oll %5 %5 06 00 00 00 00 00 00 OC &500
Meatmeal A o2 75 00 0O 590 346 139 227 705 335 3180
Meatmeal B 95 145 00 00 582 340 134 193 655 310 3680
Fishmeal o 83 00 00 678 500 250 150 350 256 4160

Note: Dry matter {DM); fat {F); crude fibe (CF), indigestible crude fibre (ICF); total nitrogen (TN} Lysine {Lys); Sulphurous
amino acids (SAA); total minerals (Mx); Calcium {Ca} and phosphorus (P) as percentage of feed. Digestible eénergy (DE} in
keal/ kg of feed.

Sources: INRA, 1989; Maertens ef 2l 1990,
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From the third week of life the young rabbits beirmove about, taking a few grams of
mother's milk and a little drinking water if avdila. In a few days the intake of solid feed and
water will exceed the milk intake. During this metithe changes in feeding behaviour are
remarkable: the young rabbit goes from a singl& feiéd a day to a large number of
alternating solid and liquid feeds distributed gu&arly throughout the day: 25 to 30 solid or
liquid meals every 24 hours.

Table 17 gives an example of changing feeding bebain New Zealand White rabbits,
aged from six to 18 weeks.

The number of solid meals, stable up to 12 weekgld to decrease slightly thereafter. The
total feeding time in a 24-hour period exceedsdhreurs at age six weeks. It then drops off
rapidly, to less than two hours. At any age, feaataining over 70 percent water, such as
green forage, will provide rabbits with ample watetemperatures below 20°C.

The consumption of solid and liquid intake flucksbver a 24-hour period, as shown in
Figure 3. Much more liquid and solid feed is conednn the dark than in the light.

Intake in experimental hutches is very high judobethe lights are switched off. As the
rabbit grows older the nocturnal nature of its fagdabits becomes more pronounced. The
number of feeds during light periods drops andnioening "feeding rest" tends to lengthen.
The feeding habits of wild rabbits are even moretmmmal than those of domesticated rabbits.

The intake of feed and water depends on the kirfdexf and also on the type of rabbit and its
age and stage of production. Taking as a referanieal an adult fed ad lib (140 to 150 g of
dry matter per day, for example, for a 4 kg Newlded White): at four weeks a young rabbit
eats a quarter of the amount an adult eats blinetsveight is only 14 percent of the adult's.

At eight weeks the relative proportions are 62 4Rghercent; at 16 weeks they are 100 to 110
and 87 percent.

A doe's ad lib feeding during the reproduction eydhries greatly (see Figure 4). The intake
during the final days of pregnancy drops off matkeB8ome does refuse solid food just
before kindling. Water intake, however, never stopsipletely. After kindling, the feed
intake increases very rapidly and can exceed 1§ gratter/kg live weight a day. Water
intake is also high at that time: from 200 to 258 day per kg of live weight. A doe that is
both pregnant and lactating will eat the same arnasia doe that is lactating only.

TABLE 17 Changing feed habits of nine New Zealand \Wite male rabbits aged from 6
to 18 weeks, given water and balanced feed ad lib & room kept at 20+1°C

Age in weeks
6 12 18
Solid feeds(89% DM)
Total quantity(g/day) 98 194160
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No. of meals per day 39 40 34

Average quantity per meéd) 26 49 49
Drinking water

Total quantity(g/day) 153 320 297
No. of drinks per day 31 28.5 36
Average weight of one drinfg) 5111591
Water/feed ratigDM) 1.751.852.09

Water content calculated for whole of solid feed dnink intake/65.2/66.4/68.8
Source Prud'hon, 1975.

FIGURE 3 Hourly distribution of daily intake of watr and balanced pelleted feed of a 12-
week-old rabbit aver a period of 24 hours

10 1
= O~ — <O water
2 | e Fesd
3
Bt
A
\
S5 @b Jd
E !
Lt
3 \ r
[+ - ‘ .
% \
§ ] ll ;,
I -V S
i oY y
7 8 M 18 15 17 9

Source: Prud’hon, 1975,

37



Feeding and environment

The rabbit's energy expenditure depends on amt@emierature. Feed intake to cope with
energy needs is therefore linked to temperature.

Laboratory tests on growing rabbits have shownah&mperatures between 5°C and 30°C
intake of pelleted feed dropped from 180 to 120dgaand water intake rose from 330 to
390 g (Table 18).

A closer analysis of feeding behaviour shows teaeaperature rises the number of solid
and liquid meals eaten in 24 hours drops. Fromolid feeds at 10°C the number drops to
only 27 at 30°C (young New Zealand White rabbitéle amount eaten at each meal drops
with high temperatures (5.7 g from 10°C to 20°C ddaw4.4 g at 30°C) but the water intake
goes up, from 11.4 to 16.2 g between 10°C and 30°C.

A recent study by Finzi, Valentini and Fillipi Bakea (1992) shows a marked increase in the
water/food intake rate at higher temperatures (2@82C and 32°C), which was already
known, but the various ingestion and excretioroga#ire also modified (Table 19). The
authors propose that these ratios, the easiestasume locally, be used to identify thermal
stress in rabbits.

If drinking water is not provided and the only fesadhilable is dry with a moisture content of
less than 14 percent, dry matter intake dropsltwithin 24 hours. With no water at all,
depending on temperature and humidity, an aduliit@lan survive from four to eight days
without any irreversible damage, although its weiglay drop 20 to 30 percent in less than a
week.
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FIGURE 4 Changing intake of balanced concentrateeig (89 percent DM) in a doe during
gestation and lactation
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Source: Lebas, 1975.

Rabbits with access to drinking water but no std&tl can survive for three or four weeks.
Within a few days they will drink four to six times much water as normal. Sodium chloride
in the water (0.45 percent) reduces this high mtékit potassium chloride has no effect
(sodium loss through urination). The rabbit is #iere very resistant to hunger and relatively
resistant to thirst; but any reduction in the watgpply, in terms of water requirements,
causes a proportional reduction in dry matter iatakith a consequent drop in performance.

The growth performance of rabbits is significamtduced if they are given salted drinking
water with a sodium content higher than 1 percent.

Work in Egypt by Ayyat, Habeeb and Bassuny (19%bwsed a 12 to 16 percent slowing of
growth speed at sodium contents of over 1.5 pel@aitle 20). Solid granulated feed
ingestion remained unchanged by water salinity e&emater intake increased slightly with
salinity: 14 to 16 percent in the trial by Ayyatdacolleagues. However, even at sodium
contents exceeding 2 to 4 g (6 g of Rashid sadt)nortality was reported from this eight-
week trial, and the rabbits still grew at a rat@8fg/day:77 percent compared with the
control.
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Feeding preferences

Given a choice of several feeds rabbits are oftgmradictable. When dehydrated alfalfa and
dry grain maize are offered the ratio chosen ip&Sent alfalfa to 35 percent maize. With
alfalfa and oats the ratio is 60 to 40. But if thaize grains are rather moist, say with a 14 to
15 percent moisture content which could cause géopaoblems, the proportion of maize
rises to 45 to 50 percent. When rabbits are offesidns containing dehydrated alfalfa with a
variable saponin content, which gives the feedgingrdegrees of bitterness, they choose the
relatively bitter feeds. Such feeds are ignoreddby and pigs, as shown by Cheeke, Kinzell
and Pedersen's (1977) tests in the United States.

TABLE 18 Changing feed and water intakes of growingabbits in changing
temperatures

Ambient temperature 5°@8°0/30°C
Relative humidity 80 70 60
Pelleted feed eaterfty/day) 182 158 123
Water drunkg/day) 328 271 | 386
Water/feed ratio 1.6a.71 3.14

Average weight gaifg/day) 35.1 37.4/25.4

* Balanced pelleted feed containing 20 percentenuatein and 11 percent crude fibre, rich
in protein and energy.
Source Eberhart, 1980.

TABLE 19 Impact of ambient temperature on intake ard excretion ratios in adult
rabbits

Ratios 20°C 26°C 32°C
Average A Average B B/A (%) Average CC/A (%)
Water/feed 1.7 3.5 206 8.3 489
Urine/feed 1.0 1.6 167 4.0 413
Water/faece 1.9 5.5 287 11.2 583
Urine/faeces 1.1 2.5 234 5.3 493

Source:Finzi, Valentini and Fillipi Balestra, 1992.

TABLE 20 Impact of drinking-water salinity on rabbi t growth performance

Salt added to water (g/litre) 0 1.5 3.0 4.5
Water conten{ppm)
Ca 11 99 187 275

40



Mg 11 21 31 41

K 8 143 278 413
Na 399 901 1403  190%
Cl 107 753 1399 2045
Bicarbonates 320 395 470 545
Total minerals 906 2409 3912 5415
Live-weight gain(g/day) 29.7+1.428.9+0.924.3+1.022.6+1.1
Feed intakég/day) 125 139 126 124

Source:Ayyat, Habeeb and Bassuny, 1991.

Feeding rabbits forage plus supplementary condenfiead raises problems when the forage
is not very palatable. The experimental finding3 able 21 demonstrate that in ad lib feeding
of both high-bulk (straw, in this trial) and highergy pelleted feeds rabbits are unable to
adjust intake for maximum growth. A breeder facgaibch a situation should limit the daily
dose of concentrate feed or, generally speakimgptbportion of the more palatable feed.
The problem sometimes arises with certain low-vaieen forages.

The situation changes if the rabbit is faced with high-energy foods, as in Gidenne's
(1986) trial with ad lib feeding of balanced pedéffeed and green banana. In this example,
the ad lib trial rabbits grew as much as the cémroup and their digestible energy intake
was identical. However, between weaning at fiveksesnd the close of the 12-week trial, the
banana intake dropped from 40 percent to 28 peafehe daily dry matter intake.

Growing rabbits receiving a pelleted feed lackingulphur amino acids or lysine, with
access to pure water as well as those missing aaaids in solution, choose the amino acid
solution over pure water. Thus they grow as welt@srol rabbits receiving balanced feed.

Nutritional needs

Various research experiments carried out in mamyees (especially France) in the last 20
years or so have resulted in reliable recommenagsfiar the manufacture of rabbit feeds for
meat and milk production in temperate European itiomd.

The experimental technique consists of manufagjueeds in exact but varied mixes,

feeding them to rabbits and assessing productiamdaght gain or number and weight of
young in a litter. The best feeds are thus estaddisand the best mixes selected, allowing
nutrition experts to draw up recommendations foesa categories. The most common feed
categories in intensive European rabbitries ardrfeeding females (lactating does, pregnant
or not), young rabbits of weaning age (post-weawingeri-weaning feeds, the latter also
consumed by the mother) and rabbits for fatteniigo included in the range supplied by
livestock feed manufacturers is a mixed feed thatacceptably cover the nutritional needs of
all rabbit categories providing the breeder's dbjeds not maximum productivity.
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TABLE 21 Feed intake and growth of New Zealand Whi¢ rabbits aged between five
and nine weeks, receiving ad lib a concentrated fdeich or poor in fibre, with and
without wheat-straw pellets 5 mm in diameter

Fibre-rich feed Fibre-poor feed
Feed composition(%)

Straw 20 0
Protein 16.1 15.6
Crude fibre 11.7 4.1

Method of administration |Alone |+ straw |Alone |+ straw
Intake (g/day)

Feed (F) 947 883 634 633
Wheat straw (S) - 7.4 - 12.2
Total Fand S 947 95.7 634 755

Gain in live weight (g/day)| 31.7 | 31.0 @ 224 26.6
Source:Reyne and Salcedo-Miliani, 1981.

These standards have been established for envirdahw®nditions in Europe and are also
based on the relative costs of nutrients in Europeaintries. They are reference standards,
but can be varied slightly for better economic perfance according to locally available
cheap feed resources. The upper and lower limitsciwshould not be exceeded) are listed at
the end of this chapter.

Lactating does need the richest, most concentfatzll They produce a milk three times
richer than cow's milk, at the rate of 100 to 30feg day, and have few reserves in relation to
the demand made on them. The next category is ggoraibbits (far more research work has
been done on this than any other category). Yoahpits are followed by pregnant non-
lactating does. Their feed can be slightly lesk tian that of young growing rabbits. The last
category is bucks, which do not need a rich diet.

Table 22 details the chemical composition of theca#ly ideal feeds for each rabbit category.
There are four broad classes of standards. Heastgdards on proteins and protein composition
(distribution of amino acids). Proteins must suppky elements to build or rebuild rabbit
bodies. The proportion of indigestible fibre sert@grovide the slight congestion essential
for the proper functioning of the digestive tralthe corresponding proportion of fibre can
also be estimated by the acid detergent fibre (AfFXent as per Van Soest or, preferably,
indigestible ADF. Energy is needed to regulate biedyperature as well as for the general
functioning of the body. Minerals and vitamins atelding blocks for certain parts of the
animal (skeleton, etc.) and for the enzymes whgsenergy to build and rebuild the body
proteins continually. Table 22 also includes a noltshowing the chemical composition of a
mixed feed suitable for all animals in a productionit. Its composition represents a
compromise between the requirements of growingitaland those of lactating does. The
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other categories can, in fact, eat a richer fegdomt suffering any major drawbacks. Further
on in the text it will be explained under what cinestances it is desirable to use mixed or
more specialized feeds. But, first, the variouslfejuirements are explored in greater depth.

Nitrogen. The rabbit's response to the quality of the pnstén its diet, long a controversial
issue, has now been established beyond doubt. Reeesmhave found that growing rabbits
need feed that contains certain amounts of teheoRf amino acids that made up the proteins.
These are called the basic or essential amino.adlils two additional amino acids which

can partially replace two of the essential amindschis is the full list for rabbits: arginine,
histidine, leucine, isoleucine, lysine, phenylatemnplus tyrosine, methionine plus cystine,
threonine, tryptophane and valine.

Studies on the quantities needed have been vitaatifined to arginine, lysine and the
sulphur amino acids (methionine and cystine). Esged as a percentage of the ration, the
lysine requirements for growing rabbits are 0.6, dadsulphur amino acids, 0.7 percent. The
lysine intake of breeding does should be considgtabher under intensive milk production
to feed nine to 12 young. The arginine intake sthéoa at least 0.8 percent, and a little more
for growing rabbits. The toxicity thresholds ofilys and arginine are well above the
recommended intake levels. For the sulphur amimtsabowever, there is a slender margin
between the amount the rabbit needs and an exoesdlitht would diminish its performance.

TABLE 22 Recommended chemical composition of feedar intensively reared rabbits
of different categories

Compo_nents of feed, assumed tc}( O?E%Origb't Lactating Peri_— (mal\{[lelz):ﬁiq[y +
contain 89 percent dry matter weeks) doe weaning fattening)
Crude protein$%o) 16 18 15 17
Digestible proteing%) 115 13.3 10.8 12.4
Amino acids
Methionine + cystin€%) 0.60 0.60 0.55 0.60
Lysine (%) 0.70 0.90 0.65 0.70
Arginine (%) 0.90 0.80 0.80 0.90
Threoning(%) 0.55 0.70 0.55 0.60
Tryptophang%) 0.13 0.20 0.12 0.13
Histidine (5) 0.35 0.43 0.35 0.40
Isoleucing(%) 0.60 0.70 0.67 0.65
Phenylalanine + tyrosin@no) 1.20 1.40 1.10 1.25
Valine (%) 0.70 0.85 0.68 0.80
Leucine(%) 1.05 1.25 1.00 1.20

Energy and bulk
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Digestible energykcal/kg) 2500 2650 2400 2550

Metabolizable energgkcal/kg) 2380 2520 2280 2420
Fats(%) 3-5 4-5 3 3-4
Crude fibre(%)

Indigestible crude fibré%o) 12 10 14 12
ADF (%) 18 14 20 18
Ratio digestible

proteins/digestible enerdg/1000 45 51 46 48
kcal)

Minerals

Calcium(%) 0.40 1.20 1.00 1.10
Phosphorug$%o) 0.30 0.50 0.50 0.60
Potassiun{%o) 0.60 0.90 0.60 0.90
Sodium(%) 0.30 0.30 0.30 0.30
Chlorine (%) 0.30 0.30 0.30 0.30
Magnesium(%) 0.25 0.25 0.25 0.25
Vitamins

Vitamin A (1U/kQ) 6000 10000 10000 10000
Vitamin D (IU/kg) 1000 1000 1000 1000
Vitamin E (ppm) 50 50 50 50
Vitamin K (ppm) 0 2 2 2
Vitamin C(ppm) 0 0 0 0
Vitamin By (ppm) 2 - 2 2
Vitamin B, (ppm) 6 - 6 4
Vitamin Bg (ppm) 2 - 2 2
Vitamin By, (ppm) 0.01 0 0.01 0.01
Folic acid(ppm) 5 - 5 5
Pantothenic acippm) 20 - 20 20
Niacin (ppm) 50 - 50 50
Biotin (ppm) 0.2 - 0.2 0.2

Source:Lebas, 1989.
The recommended amounts of other essential amide have been estimated simply on the

basis of regular satisfactory diets. Where thesergsl amino acids are supplied by protein
in the diet, 15 to 16 percent crude proteins shbelénough for fattening rabbits. Rabbits
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will always eat more of a balanced feed contairsgential amino acids than the same feed
without amino acids.

Amino acid balance can easily be achieved withtgaotein alone as in almost all balanced
European feeds. Proteins of animal origin can leel by rabbits but are absolutely
unnecessary: all that counts is the amino acik@taot the substratum.

The optimum dose of crude protein for the breediog seems to be roughly 17 to 18 percent.
An increase of protein content to 21 percent leadsgher milk production but slightly
reduces the number of young rabbits weaned inengperiod.

Lastly, various attempts to replace true protepadn-protein nitrogen (urea and ammonium
salts) have almost all been economic failures, e these sources of nitrogen either degrade
or are absorbed too early for the micro-organisntié caecum to take them up. For a highly
nitrogen-deficient ration (30-50 percent below liegments), however, or for a non-protein
source which breaks down at average speeds imtistine (such as biuret), there is a certain
amount of uptake. In any case, it is highly recomdael that rabbits receive their nitrogen
ration in the form of true proteins with balanceulio acids.

Energy and crude fibreThe energy needed for organic synthesizing isllyssiapplied by
carbohydrates and to a lesser extent by fats. Where is an excess of proteins these also
help to supply energy after deamination.

The growing rabbit, like the breeding doe, adjitstéeed intake according to the energy
concentration of the feeds offered to it wheregrateins and other dietary components are
balanced. For a growing New Zealand White or Catifin rabbit the daily intake is around
220 to 240 kcal of digestible energy (DE) per kgnaftabolic weight (W'9). For the lactating
doe the average amount is 300 kcal DE/KY%ind tops 360 kcal during maximum milk
production (15th to 20th day of lactation). Scsitard to set a strict energy requirement, but
it has been shown that intake is only correcthutagd between 2 200 and 3 200 kcal DE/kg
of feed.

Because of this, concentrated energy feed mustals@ain all the other required nutrients in
concentrated form so that a smaller volume of fe#idsupply the rabbit's needs.

Energy intake regulation functions well in temperalimates so long as variations in energy
content are linked to the presence of fairly didgpstcarbohydrates (e.g. starch/fibre
substitution). At high temperatures (28° to 32%@wever, and/or where more than 10
percent of the digestible energy is provided byregulation may suffer and the animals may
easily consume more of the fattier feed owing todhsence of extra heat from the
consumption of lipids.

The rabbit is known to have a specific need foeesal fatty acids (linoleic acid), but a
conventional diet containing 3 to 4 percent fatsagally supplies this. The only reason for
including more fat in the diet would be to raise #nergy concentration, as fats provide
approximately twice as much energy as carbohydfatdabe same weight. Depending on the
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kind of basic diet (basic energy level, proteinteo and quality), such an input of fats might
or might not be nutritionally useful. The feed epefor breeding does or growing/fattening
rabbits can be supplied in the form of starch. Angrabbit less than 40 days old, however,
digests starch poorly as the digestive apparatsisbiyet attained functional maturity. For
this reason, post- and particularly peri-weanirggfeused for 20- to 40-day rabbits should
not contain over 12 to 13 percent starch to avaidstive problems.

In European feed rations, the poor digestibilityhd fibrous parts of raw materials such as
alfalfa and straw (digestibility 10 to 30 percemidkes them secondary to starch, for example,
in covering energy needs. However, the fibrous aamepts from tender, usually young,

plants are much more digestible (30 to 60 perc@hgy can then provide 10 to 30 percent of
energy requirements in favourable conditions.

The fibrous parts have another function: as butiat€nt is generally evaluated on the basis
of crude fibre, although this analytical technigsiéar from perfect. To get enough bulk for
growing rabbits a 13 to 14 percent crude-fibre enhteems satisfactory. For lactating does a
slightly lower content is acceptable (10 to 11 paty The more digestible the fibrous parts
the higher the total input needed to supply attl@@gpercent indigestible crude fibre.

Minerals and vitamins Studies on the calcium and phosphorus requirenaémgowing
rabbits have shown they need much less than lagtdbes. Does transfer large amounts of
minerals into their milk: 7 to 8 g a day in fulctation, of which about one quarter is calcium.

Any sodium, potassium or chlorine imbalance indtet can cause nephritis and birth
accidents. The risk is particularly high when ptansed in the feed have been fertilized with
high rates of potassium.

Some authors mention improved growth performandtke @icess intake of copper sulphate:
200 ppm copper. As with pigs, this must be an ¢fdéthe growth-factor type.

Even so, the importance of copper sulphate aswatigriactor is not universally conceded and
some authors have noted negative consequencegl(imgitality) with supplements of about
150 to 200 ppm.

Rabbits require water-soluble (B group and C) al$ agfat-soluble vitamins (A, D, E, K).
Micro-organisms in the digestive flora synthesizeable quantities of water-soluble
vitamins which are utilized by the rabbit througtecotrophy. This intake is sufficient to
cover maintenance requirements and for averagauptiod as far as the B group vitamins
and vitamin C are concerned. However, fast-grovainignals respond favourably to the
addition of 1 to 2 ppm of vitamins;Bnd B, 6 ppm of vitamin B, and 30 to 60 ppm of
nicotinic acid (vitamin PP) in the diet. The adadlitiof vitamin C will not influence growth,
even at 1 percent of diet, for better or for worsgler temperate conditions.

For fat-soluble vitamins, research has focused ranréeficit or excess than on the exact

determination of requirements. The recommendaoposed thus comprise a certain safety
margin. However, excessive intakes of Vitamin AQDDO0 IU/kg of feed) or Vitamin D (3
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000 1U/kg of feed) can entail serious disturbanpesticularly in breeding females. It is
therefore advisable not to feed megadoses of vitatai rabbits.

Deviating from standard recommendations

Feeds formulated in accordance with the standaves gn Table 22 are satisfactory for
intensive production. Rabbits can also be rearef@eds only approximating these standards,
but the absolute performance level will be low#tha@ugh not necessarily uneconomical.
Certain indicative values are given in Table 23dirReEng the protein intake of lactating does
to 12 to 13 percent of the diet will not affect lficacy but will cause a regular reduction of
milk production and a parallel drop in the weightlee young at weaning.

Additionally, it is better to consider the proteinérgy ratio in relation to the intake of bulk
fibre, rather than the protein rate in itself.

Some research indicates that rabbits need a centaimum of fibre for regular digestion: 9
to 10 percent of indigestible crude fibre. Otheryithere is increasing mortality from
diarrhoea, although the low roughage/mortality esdmn is not systematic and may affect
experimental lots in random fashion.

TABLE 23 Decline in performance at levels of protai or selected essential amino acids
in the feed below recommended values, and minimunceeptable levels

Increase in feed

Reduct_ion _of Decrease in weight gain conversion rate Minimum
proportion in Absol Absol acceptable levels
ration solute | solute | (%)
value (g/day) Percentage value (g/day) Percentage

Proteins (1 point) -3 -8.5 +0.1 +3 12
Methionine (0.1 -2 -6 +0.1 +3 0.40
point)
Lysine (0,1 point) -5 -14 +0.1 +3 0.40
Arginine (0.1 -1.5 -4.5 +0.1 +3 0.50
point)

A crude-fibre content of 13 to 14 percent appeafficgent for growing rabbits. It is not
possible to establish a reliable relationship betwkhe intake of fibrous parts and mortality in
fattening rabbits at rates of 12 to 16 percentrofle fibre.

Finally, as indicated above, excessive fibre intageally alters the digestible energy content
of the feed below the intake regulation threshold.

If this is accompanied by a higher digestible prgthgestible energy ratio, rabbits will suffer
energy deficit and protein surplus at the same,tfen®uring the excessive production of
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proteolytic digestive flora which produces ammaania leads to increased digestive problems
(Figure 5, curve A).

While an intake of more than 16 percent of fibrpasts is linked to a reduction in digestible
proteins, entailing a static or reduced ratio gedtible protein to digestible energy, no
harmful effect on the viability of fattening rabbits observed (Figure 5, curve B). The only
alteration is in growth performance due to the gpeleficit.

Where a high intake of fibrous parts places thd fectly at the minimum threshold for
energy regulation (2 250 to 2 300 kcal DE), andgmintake is excessive, there is a very
high risk of blockage from constipation in growirapbbits. Similarly, mineral bulk can reduce
energy concentration.

As for minerals, where calcium and phosphorus éndiet are insufficient, lactating does
draw on their bodily reserves, principally thoseret in the bones, but the total store is small
compared with the amount exported. Under theseitons, intensive production of does is
not feasible. As an indication, the minimum and immasm thresholds are given in Table 24
for various minerals, some vitamins and essentiaha acids. It should be stressed that the
optimum feed rate for some animals is close tarthgimum tolerable rate. This is true of
vitamin D and phosphorus in breeding does anduiphsir amino acids in growing rabbits.
Where too much is supplied performance may drofheédreeder's surprise, and the risk is
particularly high if he or she uses supplementsdh@added to the feed or drinking-water.
Toxicity symptoms can closely resemble the symptohdeficit, as is true of vitamin A.

In the case of multiple deficiencies, it is difficto predict the animals’ reaction. Direct
experiment for on-site measurement of the actuaseguences of the proposed feed are
recommended in this case. The norms proposed ile P&can be used as a reference
method of using complementarities meeting the alsimaeds.
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FIGURE 5 Role of fibre intake in the health of faghing rabbits
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Feed manufacture and storage

In Europe, rabbits are fed dry raw materials whiomplement one another to make a
balanced feed. Once the best proportions have dstahlished, the raw materials are
weighed and put in a blender. They are usually éingshed into meal for a uniform feed
mixture. If the mixture were intended for feedirgakens or pigs it could be given to the
animals at this stage, but the rabbit has a vemtdberance for the dust inevitably present in
meal. This problem is solved by compacting the orixtin a pelleting machine.

The ideal diameter for ordinary feeds is 3 to 4 rirmm being the maximum diameter to
avoid waste (Table 25). The pellets should be ngdothan 8 to 10 mm. The pelleting
operation heats the product through friction, whimabroves nutritional value by some 5 to 7
percent compared with the meal mixture.

Using certain recipes rabbits can actually be é=difin meal form (Table 26). What must be
avoided at all costs is a very fine meal which wiadisturb the normal functioning of the
rabbit's upper respiratory tract which, althougioad filter for dust, clogs quickly. Meal
must not be given as feed where rabbits drink freceptacles containing water. The water
will soon get dirty and the rabbits will immediatedtop drinking and eating. A valve-type
automatic watering system is recommended where iméadl. Feeding tests on mash (60

49



percent meal, 40 percent water) show it is feagbdeided the feeding racks are kept
scrupulously clean (Table 26).

TABLE 24 Recommended limits for the incorporation d various minerals, vitamins and
selected amino acids in rabbit feed

Deficit

Minerals (ppm)
Calcium 700

3000
Phosphorus | 1 200

4000
Sodium -
Potassium | 3000
Chlorine 1700
Magnesium | 200
Manganese & -

0.6
lodine -
Fluoride -
Copper 2
Zinc 2
Vitamins (/kg)
Vitamin A -
(1U)
Vitamin D -

(19))
Vitamin E 17
(mg) 17

Amino acids (g/16 gN)

Lysine 2.50
Sulphur AA | 2.50

Observed
minimum )
with no Optimum
problems
3000 4000
8000 12000
2600 3000
4500 6000
2000 3000
6000 6000
- 9000
2500 3200
- 2500
- 8.5
- 13.0
- 0.2
- 0.2
- 0.5
3 5
7 50
3000 10000
600 1 000
- 50
25 50
3.75 4.40
3.00 3.75

50

Observed
maximum
with no
problems

25000
19000
8000
8000
6000
16000
16000
4200
3500

150-200
85

20000

2000

7.5
4.4

symploms St
40000 Growth
25000 Reproduttio
- Growth
10000 Reproductior
7000 Growth
- Growth
20000 Reproductior
- Growth
4200 Growth
50 Growth
- Reproductior
10000 Growth
100 Gestation
400 Growth
200-300 Growth
- Growth

75000 Reproductior

3000 |Reproductior

- Growth

- Reproductior
9.4 Growth
5.0 Growth



Arginine 3.00 3.75 5.60 12.5 - Growth
Tryptophane - 0.75 0.80 1.60 - Growth

In Europe, depending on local conditions and the ef the production unit, feed is usually
delivered in 25 to 50 kg bags or in bulk. Bagsstoged in a shed providing shelter from high
temperatures and rain, and located near the ratlditsut of their reach. They are stored in
piles away from damp ground or walls. The usualtsmh is a false wooden floor.

TABLE 25 Influence of pellet diameter on growtH of Californian rabbits aged from 5 to
12 weeks

Diameter of pellets (mm)

25mm 5mm | 7 mm
Feed consumptiofy/day) 117 | 122 @ 137P
Weight gain(g/day) 324 | 33.7 320
Feed conversion rate 37 37 47

1 On the same line, two values having the same itetesr do not differ from one another at
the threshold P = 0.05.

Note: The apparent overconsumption of 7 mm diameteetseis due to inevitable partial
waste.
Source:Lebas, 1971b.

TABLE 26 Effect of presentation of feed on growth byoung rabbits, according to
various authors

Feed intake § Live-weight gain Feed conversion rate

Author Presentation DM/day) (g/day) (in DM)

Lebas, 1973 Meal 82 29.7 2.78

Pellets 94 36.0 2.62

King, 1974 Meal 79 20.7 3.80

Pellets 85 22.9 3.70

Machinet al, Meal 78 27.9 3.06

1980 Mash (40% 102 26.5 3.80
water)

Pellets 104 33.1 3.30

! Ration composed of 58.8 percent maize, 25 pesmymake, 15 percent barley straw, 0.2
percent dl-methionine, 4 percent minerals and vitam
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2 Ration composed of 10 percent fishmeal, 20 pergerss meal, 40 percent wheat bran, 12.5
percent oats, 17.5 percent middlings; in additloB,percent molasses was mixed with the
pellets.

% Ration composed of 62 percent barley, 17.5 pemeyttake, 12.8 percent barley straw, 5
percent molasses, 0.25 percent lysine, 0.05 pengetiitionine, 0.3 percent minerals. The test
was run at 25°C.

The room or shed is designed to hold one and adaifo months' supply. Deliveries should
actually be made monthly, so feed can be usedmthe and a half months of manufacture.
At delivery, about 10 to 15 days' supply shoulddfeover from the previous month.

For bulk delivery, feed is stored in silos that filted from the top and emptied from the
bottom. They should be completely emptied and tisted for bacteria, fungi, etc. at least
once a year.

Transport costs and, especially, a desirably tasbiver of feed stocks make mixed feed (see
Table 22) appropriate for rabbitries with fewerrtt200 breeding does. In units with more
than 300 does it is preferable to use two or thypes of feed: one suitable for lactating and
breeding does, one for the weaning period andattefdér growing rabbits in all other
categories (e.g. young growing rabbits).

Feeding systems

Balanced pelleted feeds

The traditional European diet for rabbits useddaeéreals, bran and forage (green in summer
and dried in winter). In winter, breeders also tieel animals fodder beets or carrots. This
style of feeding is definitely on the way out, esp#y in the big producer countries such as
France, Italy and Spain.

In modern production systems, which account fortrobshe output, the animals are given
balanced pelleted feeds conforming to the standdrdady described. A single feed type is
generally used for all categories, correspondinipéomixed feed listed in Table 22. In
intensive-reproduction rabbitries, all rabbits gptdeucks are fed ad lib. Under less intensive
regimes, does receive the same feed ration frormvéfaaming of one litter to the birth of the
next. The ration is normally 3 to 35 g DM per kdigé weight per day.

Growing rabbits raised in a group are always fetitaddne watering point is sufficient for

10 to 15 animals. The watering system must be @teokgularly to ensure the animals do not
suffer from lack of water because of defective appes. One feeding rack is enough for six

to ten rabbits, but at least two are needed atetysaeasure in case the pellet flow should get
blocked. Each feeding place along the rack shoelld to 8 cm long.

Breeders calculate the quantities of feed for td&lly consumption for all animals as follows:
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¢ young fattening rabbits (four to 11 weeks): 11030 g;

e lactating does with litters (weaning at four weelk$0 to 380 g;

e adult (maintenance) rabbits: 120 g;

e for the rabbitry as a whole: 1 to 1.4 kg of feed mother cage per day.

Well-run rabbitries, as in France or Italy, cal¢al&.8 kg of pelleted feed consumed for each
kg of live weight marketed. This calculation incksdbreeding rabbits. The best rabbitries use
only 3.4 kg of feed to produce 1 kg live rabbitiSrepresents a feed expenditure of 5.9 to 6.7
kg per kg of carcass. Keeping in mind the proteintent of the feed and the carcasses, this
means a yield of 190 to 220 g of high-grade aninalein from 1 kg of plant protein, a

return of 19 to 22 percent for the best productioits.

Forage utilization in developing countries

Pilot trials in Germany have demonstrated that gngwabbits enclosed or penned in a
natural meadow receiving no fertilizer can prod248 kg of protein per hectare (1.2 tonnes
of meat) annually in the form of carcasses. Thiegisome idea of the forage utilization
potential of rabbits, although in the trials thblyés exhibited a modest growth rate (20 to 25
g a day compared with the 30 to 40 g of cage- tchHitaised rabbits) and a relatively high
feed intake.

Climate and soils in most developing countries, éosv, are very different from those found
in Germany. Direct grazing also poses problem&io€ihg and risks from predators to the
point where this technique cannot be recommendadthis reason the authors have reviewed
the various wild or cultivable plants used in bstipical and non-tropical regions to feed
rabbits reared in confinement. Cereals are intaatip left out as they are needed for human
nutrition in most developing countries.

Before reviewing the various plants which rabbéa ase, a reminder is needed of rabbits'
extreme sensitivity to mould, particularly aflatoxiThe hygiene of the fodder and by-
products used must be beyond reproach and it ieplarly important to avoid uncontrolled
fermentation.

Wild and cultivated fodders suitable for rabbit fé€The following information only
concerns plants that have been positively testasthiion and other trials for use as rabbit
feed. They are listed under their Latin names phabetical order. The countries where they
are used are indicated where possible.

A "high" nutrient value means the feed has a higingmatter content than is required for
rabbits. Unless otherwise indicated, nutrient contehere shown, is expressed as a
percentage of dry matter. For detailed chemicalmusitions, readers should refer to the
general documents in the bibliography, particul&@thl's work on tropical forages published
by FAO (1982). Digestibility of the nutrients hastmusually been determined for the rabbit
specifically. Lacking these data, reference shbeldnade to forage digestibility for
ruminants, but absolute values cannot be transpeseécially for the fibrous fraction.
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Alysicarpus vaginalis. Ane-leaf clover distributed ad lib to growing rablas a supplement
to concentrates gave performances not significathitfgrent from the control. This plant,
grown in South America, is a good source of protein

Amaranthusspp. This forage has a 20 percent protein conitembs been tried out in Malawi
to supplement a concentrate containing 39.5 pegraitt maize, 26 percent maize bran, 34
percent groundnut oilcake and 0.5 percent tabte Raproduction and growth were
satisfactory: 20 rabbits per doe per year; growth5og per day from four to 16 weeks.
Amaranthus is routinely fed to rabbits at the BuAdaicultural College in Lilongwe, Malawi.
Modern hybrid varieties conventionally grown fomhan food can also be used for feeding
rabbits.

Arachis hypogaeaGroundnut oilcake is a high protein feed (50 petcdt can be used for
feed when not overpolluted by aflatoxins. The whgieundnut can also be fed, but this puts
the rabbit into direct competition with people food so this solution should only be
considered under exceptional circumstances. Graurdps provide green fodder and hay
with a high protein content. This is the convengilumse at the Bobo-Dioulasso centre in
Burkina Faso. The tops can also be used after siatvat their protein content is less: about
15 percent before the groundnuts are removed asdhan 10 percent after threshing. The
proteins in both the tops and the groundnut caide ttae essential sulphur amino acids.

Azollaspp. This family of aquatic ferns can fix atmosphaitrogen. Trials in Italy have

shown that\zolla carolinianacan be incorporated into rabbit feed despite tha p

digestibility of the proteins. Other Italian triads A. filiculoidesproduced similar conclusions

in a trial where this sun-dried fern fully replacgaly cake in the ration at 23 percent. However,
the protein content of azolla (30 to 32 percentgss lysine-rich than soy (4.5 as compared to
5.9 percent protein) and the lignin content is higlducing digestibilityA. microphyllais
comparable t@\. carolinianabutA. pinnata,with a lower protein content of 9 percent, is not
as palatable.

Bauhinia variegataAngora rabbits are successfully fed the leavehisftree as a supplement
to concentrates in India. The protein content ipé&ent.

Beta vulgarisFodder and fodder sugar beets supply much of theewfeed in traditional
European rabbit production. Where they can be grde&ats can supply a good percentage of
the energy demand. The fibrous fraction is highgesdtible (80 percent). Beet leaves are also
good for rabbits. They contain 17 to 18 percentging but are very rich in minerals,
especially potassium, which can cause digestivelenas.

Brachiaria mutica.Fed to breeding does in the Philippines, parasgnas proved far more
satisfactory than elephant grgBennisetum purpureunay guinea gras@anicum maximum).
However, its low protein content (10 to 13 perceatjuires a nitrogen supplement (legumes,
supplementary feed).

Brachiaria ruziziensisln Burkina Faso this forage plant is part of tlasib ration produced at
the Bobo-Dioulasso centre for its rabbitry. Likegrasses, however, it has a low protein
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content (8 to 13 percent). For proper utilizatibshould be supplemented by high-protein
feeds. The forage could be grown together 8itylosanthespr example, for a more
balanced feed than either plant can provide alone.

Cajanus cajanHay from this tree legume (called "guandu” in Bljazan successfully be
incorporated into balanced feed for growing rabags substitute for alfalfa hay. Pigeon pea
hay thus constitutes an interesting source of prgfie to 25 percent depending on when it is
harvested) and fibre (30 to 35 percent crude fibre)

Celtis australisThe leaves of this tree are used to feed Angdoaitsin India. Compared

with the dry-matter content, the protein conteribig at 12.4 percent as is crude fibre at 14.6
percent, but the fat content is fairly high at pefcent and the 17.7 percent ash content is
quite high.

Chamaecrista aeschynomefiéis tropical legume is commonly used to feed Greabbits
in Guadeloupe and Martinique.

Cocos nuciferaRabbits like the green coconut meat left aftentiii& has been drunk. In
Guadeloupe and Martinique they are fed to rablsits ulk dietary supplement. A trial on
growing rabbits in Sri Lanka showed that coconutiddorm 20 or even 30 percent of the
diet.

Cucurbita foetidissimaGrowing naturally in the semi-desert area of nemthMexico, this
member of the gourd family has an enormous rodti$h@b percent starch. The crushed root
is sun-dried in two or three days and as much gse8fent can be added to balanced
concentrate in place of grain sorghum for breeding fattening rabbits. Trials at the
University of Chihuahua in Mexico demonstrated oxid effect.

The tops and especially the fruit are rich in prof@2 to 30 percent), but utilization trials
have not yet been run on rabbits. Their very bitiste, which is unattractive to other animals,
is not necessarily an obstacle for rabbits. Moséstare needed on the possibilities of this
interesting semi-desert plant.

Daucus carotaA traditional feed for European farm rabbits, ogsrcan be grown in many
tropical countries. They are used in Zambia, intipalar, to feed rabbits. Both leaves and
roots have a comparable protein content of 12 tpek8ent, but the leaves - like beet leaves -
are very rich in minerals.

Dendrocalamus hamiltoniiThe leaves of this tree have been successfully tsteed

Angora rabbits in India as a supplement to comrakotncentrates. The protein and crude-
fibre contents of 15.6 and 23.2 as a percentageyahatter are fairly low, but the 18.4
percent ash content is particularly high.

Eichhornia crassipesdRabbits will eat the leaves and bulbs of waterchytl, but only 24

percent of the energy provided by the green pkadigestible. Incorporating 25 percent water
hyacinth meal in a balanced feed gives good restitteunts of 50 percent or more are less
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satisfactory. The arsenic content of the rabbittr(especially the liver and kidneys) in water
hyacinth trials raised grave doubts about the [dgdtential for feeding rabbits where it
grows in polluted water.

In rabbitries located near the Congo River in tleedcratic Republic of the Congo, breeders
use a local water hyacinth of which the rabbitsvegy fond. In New Caledonia, a local
hyacinth called water lily is also a traditionagfe The whole of the plant -stem, bulb and
roots - is eaten.

Erythrina glauca.Rabbits find the leaves of this tree very palaaBltrial in Colombia
showed that this (30 percent) protein source preduaily growth rates of 11.5 g as a simple
supplement to sugar-cane juice. The proportioBrgthrina leaves actually rose from 50
percent of the daily DM consumption at the onseheftrial to 65 percent eight weeks later.

Grewia optiva.The leaves of this tree contain about 17 percestem. An Indian ad lib
feeding trial to supplement a concentrate prodaedngora wool output equivalent to that
of the control fed the concentrate alone.

Gynura cusimbaThe leaves of this forage plant, abundant in Nep#ie dry season, contain
27 percent protein. Rabbits like it but cattle,eghand goats will not touch it. This difference
in feed preferences is a reminder that observatiahg for one species do not necessarily
apply to another.

Hibiscus rosa-sinensig.he branches of these shrubs, which are usediag fences in the
Caribbean, can be fed to rabbits, as is now thetipeain Haiti. The young shoots contain
some 15 percent protein and 16 percent crude fitwaiever, a trial on ad lib distribution of
hibiscus leaves and a balanced pelleted feed deratatsvery poor nutritional uptake of this
fodder.

Indigofera arrectaThis legume grows wild in Mozambique, even duting dry season
without irrigation. It is easy to grow from the siseof the wild plant picked in season. Its high
(25 percent) protein content makes it a valuablecof nitrogen for rabbits in Mozambique,
especially during the dry season.

Ipomoea batatasSweet potatoes are a good source of energy (t@mtestarch content) for
human consumption and can easily be grown in ayagarden. Surplus or specially grown
crops could be used as an energy feed for ralhitstops when well developed are also a
valuable feed because of their high protein conte®ito 20 percent. Sweet potato is used as
forage for rabbits in Mauritius, Guadeloupe and tihgque, mainly in backyard rabbitries. A
trial in Mozambique produced good performance \sitkeet potato leaves as a dietary
supplement. They are highly digestible, and tiialsiany tropical countries have confirmed
the nutritional value of sweet potato tops.

Ipomoea tiliaceaThis convolvulacea grows wild in Guadeloupe andtMmue and is the

traditional basic feed for Creole rabbits. It ig ptanted but simply picked from the hedges
where it grows wild.

56



Lathyrus sativusVetch is often grown with oat in North Africa; thetch/oat duo is used as
green fodder for livestock and rabbits like it vemych. In ad lib feeding with concentrated
feed, it produced acceptable growth or reproduatae@s. Much of the food value is lost
when the product is stored, however, and rabhitd tet to like it.

Lespedezapp. These legumes, which provide a protein-rieteiy forage for rabbits, could
also be dried and fed as hay.

Leucaena leucocephal@his is probably the legume most studied in statabbit trials. Its
attraction is its high protein content (28 percaml the fact that it can be grown during the
dry season. Sowing and tillage are no problemiis sdhereLeucaenarows naturally (e.g.
Mauritius). In the absence of symbiotic bacteragtbrial seeding can be used (Guadeloupe
and Martinique).

The presence of the amino acid mimosine, which etegpwith tyrosine and phenylalanine,
is to some authors a limiting factor foeucaena leucocephal@hey suggest that a prudent
top ration of this acacia for rabbits would be 25gent (Mozambique). But growth trials on
the island of Mauritius show thheucaenacan replace 40 and even 60 percent of balanced
feeds without adversely affecting animal growtthealth (Figure 6). In these trials, even
where this acacia was used alone, the authors notetidence of diarrhoea or symptoms
attributable to mimosine.

Other trials in Malawi useteucaenaas a supplementary fodder for a concentrate feed
(described in the paragraph Amaranthus)ith good results for both growth and
reproduction. Also tested in Malawi as a maize mapplement,_eucaengroved
satisfactory for growth (60 g a week) and bettanffridax procumbenand, especially,
Pennisetum purpureurtised as a supplement to a broiler chicken feexlythrrates of 100
to 110 g a week were recorded.

Despite these encouraging results the problem wiasine remains. Mimosine toxicity is
cumulative and perhaps did not show up in the dndvidls, even though these covered the
entire fattening period. Several continuous trialMauritius, Togo and Malawi, using
Leucaenaat levels of 10 and 20 percent, have not had laeffécts on growth or
reproduction. As mimosine is an amino acid, drytimgforage does not reduce its toxicity to
animals, although no special rabbit trials havenlre@ on this aspect. The addition of iron
sulphate chelates mimosine and considerably redogesty for rabbits as intestinal
absorption of the chelated form of mimosine is gigantly diminished. The iron sulphate
supplement should exceed the mimosine contentfagtar of four, comprising 2 to 3 percent
of the diet.
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FIGURE 6 Weight-gain trends in New Zealand Whitebhits aged from 6 to 14 weeks in
relation to intake of balanced feetl
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Manihot utilissimaGhana's rabbit development programme includesiggeassava for

feed. The inclusion of from 15 to 45 percent caasaeal (87 percent starch and 2.5 to 3
percent protein) in balanced feeds, supplement&DByg green forage daily, has given
growth and reproduction results comparable to tloksained with the balanced control feed
without cassava. But cassava should not be uskegdorabbits except where the human
population already has plenty of energy foodsndsgypt, for example. Additionally, cassava
meal requires a protein and crude-fibre suppleménmivever, cassava peels contain 6 percent
protein and 10 percent crude fibre, and the leavein 24 to 28 percent protein, so the
potential of these two cassava products for réeebki should be tested in comparative trials.
Cassava does have a slight tendency to produae gohich has no practical impact on
growing rabbits but is a potential concern for lexs if it comprises over 30 percent of the
diet.

Marremia tuberosaThis protein-rich (24 percent) forage, used in Btobique to feed
rabbits, grows during the dry season.

Medicago sativaAlfalfa is unquestionably the standard rabbit @awherever it can be

grown. It is grown under irrigation in Mexico, Mapaique and Pakistan. It does not grow in
hot tropical areas such as the Caribbean. Breetidgyrowing rabbits can be fed solely on
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green alfalfa. The hay is harder for them to ingalalfa's rather high saponin content makes
it especially palatable to rabbits.

Mimosa pigra.No negative effects were noted in tests run agttiorny plant in Thailand. It
was used to repladgrachiaria muticain rabbit feed. Its 22 percent protein content is
comparable to that dfeucaena leucocephala.

Morus alba.Mulberry leaves not needed to feed silkworms aasuxcessfully fed to rabbits.
Trials in India have even shown that a maintenaheefor adult rabbits can consist
exclusively of mulberry leaves. They are used blidrto supplement concentrates for Angora
rabbits.

Musaspp. Rabbits can be fed on commercial bananatsefananas are rich in energy and
poor in protein (5 or 6 percent) and must be supplged. Rabbit breeders use banana rejects
in various African countries and in Guadeloupe Bfadtinique. The leaves can also be used
as green forage (Cameroon, Zambia, Guadeloupe amntihlue). Their protein content is 10
to 11 percent of the dry matter. Data are availabléhe leaves as rabbit feed, but not on the
stems. They contain only 1.5 to 2 percent protachwith a 70 percent nitrogen-free extract
could make a useful energy feed. Banana peelslsama used to replace up to 35 percent of
the concentrate for growing rabbits.

Neotonia wightii. Atrial in Brazil showed that perennial soybean bay fully replace alfalfa

in a balanced ration containing 38 percent of fitliage. There is even a marked improvement
in the growth rate (41.5 g/day compared with 37dhg with control rabbits fed alfalfa). This
legume can be an attractive source of protein domd for rabbits.

Opuntia ficus.The aerial part of prickly pear cactus can betéecdbbits. At levels higher
than 40 percent of the feed ration, however, thle of diarrhoea arises because the fibrous
portion is highly digestible.

Oryza sativaCarefully preserved rice straw or bran can beda@bbits. A study in China
showed that controlled fermentation of rice stramhwacterial strains ofrichodermaand
Azotobactercan boost the food value and serve as a repladcdaremheat bran. Uncontrolled
fermentation could, however, produce mycotoxins.

Panicum maximumin various comparison trials with other forageshga grass made a poor
showing, mainly because of its low protein contehito 10 percent of the dry matter
according to ripeness. Despite this, guinea gsaparit of the basic feed ration for rabbits in
Ghana, Guadeloupe and Martinique. Its functionasniy to provide crude fibre and a small
amount of energy. There is another use for guinassgdried, the plant is sometimes used as
straw litter for the nest box when breeding doesraised on a mesh floor.

Pennisetum purpureurfreed trials with breeding and growing rabbits g®fephant grass
gave even poorer results than guinea grass, agaaube of low protein content (6 to 8
percent). A Malawi trial using elephant grass asgplement for maize bran produced
growth rates of only 15 g a week compared with &dtg Leucaena leucocephalaut it can
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be used as a source of crude fibre for rabbits dsne in Guadeloupe and Martinique. A
mixed crop where elephant grass supports a climleigigme such aBuerariais planned in

the Democratic Republic of the Congo. The combamagives a much more balanced forage.
The dried stems d?ennisetuntan be used as straw litter or bedding for th¢ Ines.

Pistia stratiotesComprising 30 percent of the diet of growing rabbsun-dried water-lettuce
meal was used in Nigeria to produce growth ratesleg those of the control.

Populusspp. Green poplar leaves can be used to replacdrgd alfalfa leaves as a fodder
resource for rabbits. The leaves of the older tezedess protein rich (15 percent of the DM)
than the leaves of coppiced poplars (20 to 22 pé¢fethe DM). Trials in the United States
used up to 40 percent poplar leaves in the diet.

Prosopis chiliensisThe fruits of this drought-resistant South Amemicetive have been
introduced in Chile as a supplement to balancelitréed, replacing up to 60 percent of the
protein in the basic diet. Growth remained unchdreyen when the feed contained up to
29.4 percent of the drigerosopisfruits.

Psilotricum boivinianumThis forage grows without irrigation in the dryasen in
Mozambique and has a high (20 to 21 percent) pratentent, making it an attractive forage
feed for rabbits.

Puerariaspp. The legumes of this genus, suck ashaseoloideandP. javanica,are
recommended as rabbit feed in different countrie&fiaca, especially Ghan&. javanicais
the basic feed of many farm rabbitries in the Deratc Republic of the Congo. Rabbits are
very fond of it. LikeStylosanthes, Puerari@main green even in the dry season.

Robinia pseudoaccaci&/arious trials in the United States and India cowgng or on
Angora rabbits showed thRbbinialeaves can easily replace alfalfa in the diet witly a
slight drop in performance.

Saccharum officinarunBugar cane can be grown in countries with weti¢cedlimates and

is a good rabbit feed, despite its low protein eah{1 or 2 percent). In an early trial in
Mauritius, coarsely chopped sugar cane was suadhss$ed to re place one half the
balanced concentrate feed ration with no consegireptin performance. In a
complementary trial, the same authors found tleaktaid lib, rabbits chose to replace up to 40
percent of their balanced concentrate feed witlppkd sugar cane. In a similar ad lib feeding
test,Leucaena leucocephataplaced up to 60 percent of the same balancetkotmate feed
(see Figure 6). In a New Caledonia trial it wasvamdhat rabbits prefer to eat first the dry
leaves, then the green leaves and then the caitfe itsopped small.

Setariaspp. These species of forage are used in Mautdisapplement concentrated feeds
for rabbits. Like all grasseSetariaare poor in proteins.

Solanum tuberosun€ooked potatoes can very well be used to feedtstiut this puts the
animals into competition with humans for food. RPofaeelings are part of the kitchen waste
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in many countries and can be used in feed. Howepeant from the fact that the peelings
should be fed cooked, not raw, great care musakeEntnot to use the parings of potatoes
which have turned green with exposure to light.drabory animals stopped growing when
they were given 20 g of green potato peelings aiagdition to their normal feed ration.

Sorghum vulgareSorghum tops and grain are a good rabbit feedy @heused in Ghana and
Mexico.

Stylosanthespp. Legumes of this genus can be grown in allamdtdry tropical climates. In
dry areas they virtually stop growing during thg deason, but remain green. Different
species have been used for rabbits, inclu@irggacilis (Ghana, the Democratic Republic of
the Congo, Burkina Faso) afdhamata(Martinique).

Taraxacum officinaleThe dandelion is among the wild plants conventigriad to rabbits in
traditional European rabbit production. The uséhed composite plant as rabbit feed has also
been reported in Togo.

Tridax procumbengConsidered a weed on the Malawi grasslands, thengaige offridax is
that it grows during the dry season. Its 12 to @& ent protein content also makes it a good
rabbit feed. The plant proved satisfactory as aeotrate feed supplement in Malawi.
Growth performance trials withridax as a maize bran supplement, however, were poorer
than trials withLeucaena leucocephalalthough more promising thdennisetum
purpureum probably because of the differing protein contdrthe three plants.

Trifolium alexandrinumThis Egyptian clover (berseem), typical of the Medanean climate,
is virtually the only rabbit feed used in the Sudaeeding trials in Egypt using the clover
alone produced live weights of 1.23 kg at 16 wdeksross-bred Baladi x Flanders Giant
rabbits, with an average weekly gain of 67 g. Lakdegumes this clover variety has a high
protein content.

Vicia spp. Wild vetches, grown alone or interplantechwitasses, can supply a protein-rich
forage attractive to rabbits. The plant grows sldy, however, that the tendency is to use it
as hay, unless planting can be staggered for @ncamg crop.

Vigna sinensisThese wild peas of Guadeloupe and Martinique supiplogen-rich green
forage and grain. Boti. sinensieandV. unguiculataare used as rabbit feed in these islands.

Zea maysAlthough maize grain is needed as food for peopteost developing countries, its
use as fodder would be feasible in certain regidhs. protein content of maize forage is low,
So it requires a nitrogen supplement. Maize is @sefibrage in Burkina Faso, for instance.

This rather lengthy list of plants that have beestdd as rabbit feed does not include every
usable plant. There are grasses such as the vapeages oDigitaria, for example, although
these are usually poor in protein. Where cabbagédeayrown it should be added to the list.
Cabbage is a traditional rabbit feed in FrancelTt$o 20 percent protein content is fairly
high. Trials in Cameroon suggest that cabbage aan @ip to 15 percent of the diet.

61



Agricultural and industrial by-products.

The various agricultural and industrial byprodusi not be reviewed here, as lists of by-
products and their composition are usually avagldbt each region. Only a few need special
mention. First come the various tropical oilcakeshsas groundnut (already described), palm
nut and coconut. Cottonseed cake should be usgdaatiously, as rabbits are at least as
sensitive as pigs to gossypol. However, cottonsag&ds containing up to 700 ppm of free
gossypol have been fed to growing rabbits with rablems. In many countries where
cottonseed feedcake is available, it is preferablese it and to accept a drop in performance
of 10 to 15 percent compared with a gossypol-fadiem rather than attempt to introduce
livestock-based meal as a protein source which lmeagxpensive or of poor bacteriological
quality. Then there are maize and rice by-prodigtswer's draff and citrus pulp are possible
feed sources where the processing plants are adatdrom the rabbitry. Rabbits can also be
fed waste products from pineapple canneries, &dta d'lvoire, but pineapples are poor in
protein.

Brewer's draff from the manufacture of barley-baseer and dolo dregs from millet beer can
produce good results. In a test conducted in Barkiaso, dolo dregs were used as 80 percent
of a concentrate feed with 10 percent groundnug célkpercent blood meal and 4 percent
bone meal. This was fed with a forage supplemegtegénBrachiaria or dried groundnut

tops. Local rabbits grew faster with this feed (0@ week with land race) than with an
imported balanced feed (83 g). Sun-dried breweaf & often also incorporated as a protein
source for rabbit rations in the urban peripheoiesome African cities.
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Chapter 3
REPRODUCTION

Anatomy of the genitals

In the male, the oval-shaped testes within thetgoraemain in communication with the
abdominal cavity, where they were at birth. Thebrtis actually able to withdraw its testes
when frightened or fighting with other males. Thsticles descend at about two months. The
short, back-slanting penis points forward whenterlgigure 7 shows the relative position of
the various organs.

In the female, ovaries are oval-shaped and doxuaesl 1 to 1.5 cm. Beneath the ovaries is
the oviduct, made up of the duct, the ampulla &iedsthmus. Although outwardly the uterine
horns are joined at the back into a single ordaeretare actually two independent uteri of
about 7 cm, opening separately through two cenduoats into the 6 to 10 cm vagina. The
urethra opens midway along the vagina at the vagesdibule. The glands of Bartholin and
the preputial glands can be identified. The whslsupported by the broad ligament attached
at four main points under the vertebral column.

Figure 8 shows the relative position of the variotgans.

Reproduction physiology
The male

Gonad development and puberffhe gonads begin to differentiate on the 16thaftsr
fertilization. After birth the testes develop legsckly than the rest of the body. From the age
of five weeks they begin to grow very rapidly. Assery glands undergo a similar
development, but at a more even rate and are tess@ous. Spermatogenesis begins
between days 40 and 50. The testicular tubes beective at about 84 days. The first
spermatozoa are present in the ejaculate at adéutdys.

Sexual maturity, defined as the moment when d@é&rs production ceases to increase, is
reached at 32 weeks by New Zealand White rabbitsmperate climates. However, a young
buck in these same conditions can be used for deptmn from the age of 20 weeks. Indeed
the first manifestations of sexual behaviour appeaays 60 to 70 when the rabbit makes it
first attempts at riding. Coitus may occur for thist time at about 100 days, but the viability
of the sperm cells is very weak or nil in the fiegiculates. So first mating should be timed
for age 135 to 140 days.
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All these figures are to be considered approximEte. onset of puberty varies from breed to
breed, but conditions in the rabbitry also playeasential role, particularly feeding, which is
even more important than climate.

Sperm production The volume of semen ejaculated is about 0.3 tarl).€oncentration is
evaluated at 150 to 500 x°®l§permatozoa per ml, but both volume and concémtrare

liable to vary. False mountings, one or two mindtefre copulation, increase the
concentration of the ejaculate. In two successaveisings the first acts as a preparation for
the second, which is less voluminous but more autnated. During subsequent matings the
volume of the ejaculate decreases, while concenraicreases between the first and the
second ejaculate and then diminishes. The totabeumf spermatozoa per ejaculate follows
the same trend.

FIGURE 7 Genital apparatus of male rabbit
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Maximum spermatozoa production is obtained by usiedguck regularly once a day. If the
buck is used regularly twice a day, each ejacuilateonly one half the concentration of
spermatozoa. On the other hand, if bucks servieeraktimes a day, one day a week, the
three or four ejaculates may be concentrated entmugfiect fertilization. Further ejaculates
contain very few spermatozoa and cannot effedtifation often enough to be worth while.
Daily spermatozoa production is roughly 150 to &iion, independent of the rate of
ejaculation. The maximum epididymis reserve is amlg to two billion spermatozoa, only
partially mobilizable for repeated ejaculations.

The female

Gonad development, puberty and sexual maturfg.in the male foetus, sexual
differentiation takes place on the 16th day afeetilization. Ovogonial division begins on the
21st day of foetal life and continues until birth.

The first follicles appear on the 13th day aftetihiand the first antrum follicles at about 65
to 70 days. Does are able to mate first at 10 tevdeks, but as a rule this will not produce
ovulation. The onset of puberty varies greatly with

e the breed: sexual precocity is more developednallsor medium breeds (four to six
months) than in large breeds (five to eight monthmsEurope does are now mated at 120 to
130 days and fertility performance is good;

¢ body development: precocity goes hand in hand ragid growth. Does fed ad lib reach
puberty three weeks earlier than other does o$dinee strain receiving only 75 percent of the
same daily feed. The body development of the ladtalso delayed by three weeks.

Does generally reach puberty when they have growi®tto 75 percent of their mature
weight. However, it is usually preferable to waitilithey reach 80 percent of their mature
weight before breeding them. These relative weightaild not be considered absolute
thresholds for all rabbits, but rather limits applle to the population as a whole. Sexual
behaviour (acceptance of mating) appears long éefar ability to ovulate and bear a litter.
Such behaviour should not be regarded by the breede sign of puberty, but as prepuberty

play.
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FIGURE 8 Genital apparatus of female rabbit
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The oestrus cycldn most domestic mammals ovulation takes placegilar intervals when
the female is in heat or oestrus. The interval kbetwtwo periods of oestrus represents the
length of the oestrus cycle (four days for ratsfdrewes, 21 for sows and cows).

The female rabbit, however, does not have an aesttie with regular periods of heat
during which ovulation will occur spontaneously.d3aare considered to be in oestrus more
or less permanently. Ovulation occurs only aftetimga A female rabbit is therefore
considered to be in heat when she accepts semitmalioestrus when she refuses.

There are many observations which denote the alieqperiods of oestrus during which the
doe accepts mating and dioestrus in which sheesf(iSgure 9). But the present state of
knowledge does not make it possible to prediceeithe respective lengths of oestrus and
dioestrus or the environmental or hormonal facti@termining them.
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It has been noted, however, that 90 percent diithe when a doe has a red vulva she will
accept mating and ovulate, whereas when the valnatired the doe will accept service and
become fertilized only 10 percent of the time. A vilva is therefore a strong indication,
though not a proof, of oestrus. A doe in heat agsuancharacteristic pose, called lordosis,
with the back arched downwards and hindquartesedaiA doe in dioestrus tends to crouch
in a corner of the cage or exhibit aggression towéne buck.

The sexual behaviour of a female rabbit is thuy gpecial. She has no cycle and can stay in
heat for several days running. On the ovary, fleicmot having evolved to the ovulation
stage through lack of stimulation undergo regresaid are replaced by new follicles, which
remain for a few days in the pre-ovulating state axay then in turn regress.

In most mammals the progesterone secreted durstgtgen inhibits oestrus and the pregnant
female refuses to mate, but a pregnant doe maytweing throughout the gestation period.
Indeed, in the second half of pregnancy this istlost common behaviour (Figure 10).

A breeder cannot therefore use the sexual behagsfawes as an indication of pregnancy.
Mating occurring during gestation has no dire consaces for the embryos. Unlike the
phenomenon observed in the female hare, supeifoe{tvo simultaneous pregnancies at
two different stages of development) never occursbbits.

Ovulation. Ovulation is normally induced by the stimuli agsted with coitus and occurs ten
to 12 hours after mating, as outlined in Figure 11.

Given this sort of pattern, ovulation can be indlagificially by various techniques.
Mechanical stimulation of the vagina can causeatian, but the outcome is quite random.
Injections of luteinizing hormones (LH) or LH ret¥ag hormones (LHRH) can produce
results, although repeated injections of the LHre lead to immunization and loss of
effect beyond the fifth or sixth injection. Injeatis of LHRH repeated at 35 days for two
years, however, have involved no loss of effecttd680 percent of the does became pregnant
from this injection followed by artificial insemitian.

Fertilization and gestationAt the moment the ovary follicles are ruptured ¢heduct

pavilion or infundibulum covers the ovary. Whenreliated the ovocytes are sucked in by the
pavilion. The ovocytes are in fact fertilizablerfitdhe moment they are liberated, but they are
not actually fertilized until about an hour andadf lafter release. The sperm is deposited by
the male in the upper part of the vagina. The spyroa make their way upwards rapidly.
They can reach the fertilization area (in the diatapulla, near the isthmus) 30 minutes after
coitus. During their journey the spermatozoa undergnaturing process which enables them
to fertilize the ovocytes. Of the 150 to 200 mitlispermatozoa ejaculated, only two million

(1 percent) will reach the uterus. The rest areated by obstacles at the cervix and
uterotubal junction.
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FIGURE 9 Sexual behaviour and duration of oestrus five pubescent nulliparous does
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Note: For five does lested in three seasons sexual behaviour was checked daily for about a month by presentation to a
buck. If the doe accepted mating she was said to be in heat that day {thick line on diagram), but fertilization was prevented
to enable the test to be repeated the next day. If she refused, she was said to be not in heat {thin line on diagram) and the
test was repeates] the next day. It will be noted that the days of cestrus and of dioestrus vary greatly from one doe to
another.

Source; Moret, 1980,

The egg reaches the uterus 72 hours after ovulaiornts way through the oviduct the egg
divides. The uterine wall differentiates, but therine dentellus appears only five to eight
days after coitus. It is the synchronization osth@henomena that makes possible the
implantation of the egg. Implantation proper tagkse seven days after mating, at the
blastocyst stage. Distribution of the blastocystoughly equidistant in each horn, but the
blastocysts never move from one uterine horn tather. From the third to the 15th day after
mating the progesterone rate continues to incrélase,remains stationary and finally drops
rapidly before parturition. The maternal placergaelops along with the foetus, reaching its
maximum weight towards the 16th day of pregnantwe fbetal placenta is visible about the
tenth day and becomes larger until birth (Figure 12

Embryo losses, measured by comparing the numbearpéis luteum and living embryos,
are usually very extensive. Generally speaking 60lyo 70 percent of the eggs become live
rabbits. Most embryo mortalities occur in the 1ysibefore birth. Mortality is partly due to
the viability of the embryos and partly to thetusition in the uterine horns. External factors
also play a part: the season and the physiologaadition of the doe (especially her age).
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For a simultaneously lactating and post-partum mpeagdoe (fertile mating 24 hours after
giving birth), late embryonic mortality is increaseith respect to that observed in a simply
pregnant doe under the same circumstances.

FIGURE 10 Mating acceptance trends in gestating doe
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PseudopregnancyLiberated ova which are not fertilized may occasagpseudopregnancy
lasting 15 to 18 days. At first the corpus luteumnd aterus develop as in an ordinary
pregnancy, but they do not reach the size or ¥l & progesterone production of the corpus
luteum in pregnancy. Towards the 12th day theyasgand disappear under the action of a
luteolytic factor secreted by the uterus, undoultpdostaglandin. The end of
pseudopregnancy is marked by the maternal behawfdbe doe and nest-making, linked to
the swift drop in blood progesterone. While suchysmpregnancy is much used in research
laboratories on the physiology of reproductions ery uncommon in natural-mating
rabbitries. When a doe is serviced under unfavderainditions she does not ovulate, and it
is exceptional for ovulation to occur without fération (as in mating with a sterile but
sexually active buck). Unfertilized ovulation carcar in 20 to 30 percent of artificially
inseminated does injected with GnRH. In this casdanjection of prostaglandin P&fon the
10th or 11th day will halt the pseudopregnancy thieddoe can be fertilized just 14 days after
an earlier infertile insemination. Without prostagtiin treatment, the doe cannot be fertilized
again until another week has gone by.

Kindling. The mechanism of parturition is not very well kmout seems that the secretion of
corticosteroids by the supra-renals of the yourgph part, as in other animal species, in
giving the signal for parturition. PGfprostaglandins may also be instrumental in sigttie
process. At the end of gestation the doe makestaarethe litter with her own fur and
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materials she has available such as straw andrgigavihis behaviour is linked with an
increase in the oestrogen/progesterone ratio athdtiae secretion of prolactin. The doe does
not always make a nest, or she may kindle outsidaésting box.

FIGURE 11 Onset of emulation following coitus

Coltus
Nervous stinnuius (vogina)
tvpothalmus
LHRH
Hypophysis Antesior lobe
LH

/ 1\

Promotes developmant of ovardan follclos
{duration = 0 k) and then of Gvulation

Note: LH = huteinizing hormone; LHRH = LH releasing hormone.

70



Kindling lasts from 15 to 30 minutes, accordinghe size of the litter. Litter size varies as
much as from one to 20 young. Most litters rangaben three and 12. In rabbit production
units the average is seven to nine, but there raa gariations.

After parturition the uterus retracts very quicklysing more than half its weight in less than
48 hours.

FIGURE 12 Changing weights of foetus and embryomitembranes during gestation

Artificial insemination
Artifical insemination (Al) is a growing practica European rabbitries, particularly in Italy

and France. Currently, a little under 1000 produrctinits are involved, but the practice is
growing primarily because of the opportunitiesvi@mrk organization involved: Al can
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impregnate a great many does on the same day wittmeed to maintain an excessive
number of bucks. This paper, while not fully congrihe topic of Al, will simply list the
main advantages and drawbacks of the method.

Semen collection and controhA doein heat is put into the buck's cage. The opeitabtis

the artificial vagina with its collection tube began the rabbit's paws. The artificial vagina is
kept at a temperature of about 40° to 42°C priarse, so that it will be at 39°C, the normal
vaginal temperature of a doe, at the moment of Higeulation usually takes place
immediately following the presentation of the doe.

A basic control of the biological quality of thensen is made for selection of the best
ejaculates: no urine, sufficient motility and contration, etc. The semen is then diluted five
to ten times, perhaps in physiological salt sohytisithin 30 minutes after semen collection,
or, always the preferable choice, with a specialedit if it is to be applied within 12 hours. It
is possible to freeze the semen, but the poor padioce of frozen semen relegates this
technique to research laboratory use where thesenn® interest in maintaining the semen of
a specific buck for a long period.

The fact that a high percentage of the ejaculaasgdbe eliminated on the grounds of poor
biological quality means that only a few males neebe retained for every 100 productive
females, compared with natural mating.

It is clearly preferable to raise males on wirdingtor grating than straw litter which
considerably increases bateriological contaminatidhe semen collected.

Insemination. The semen can be packaged in 0.5 ml pellets septed in 20,50 or 100 0.5
ml flacons for insertion with a glass cannula. Tchniques co-exist: an insemination gun
covered with a single-use sheath, and the glagki@wvaway plastic) cannula. Both
technigues have their partisans and their detraietiod for both the diluted semen must be
delicately inserted deep into the rabbit vagina.

As ovulation is not spontaneous in rabbits, intracular injection of an artificial analogue of
GnRH (gonadoreline 20 g, busereline 0.8 g) is used to provoke ovulation at the moment
of insemination. Al in rabbits involves a dual irvention: insemination and the injection of
an ovulation-producing hormone.

Successful artificial inseminationAssuming that every operation involved in Al idcity
adhered to, practical success in this reproductiethod is equivalent to that in natural
mating for the same reproductive rate (percentdgestation, litter size, etc.).

To ensure adherence, insemination centres are piomgsg up in Italy and France where
male rabbits are maintained and their semen cellleciontrolled and packed by expert staff
possessing the necessary techniques and resaufeethe bucks, these resources give full
value for money as such centres can work everytitye week. The semen packaged ready
for use is then shipped to specially equipped tgtroiduction units from the insemination
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centre. Once apprenticed, rabbit breeders canigeansemination themselves, which
requires one or two operators, depending on themirgtion technique chosen.

A number of breeders owning more than 30 to 40dingedoes do carry out all operations in
their own establishment with good technical resditere have, however, been too many
failures to suggest that a breeder should begipragtising every operation, from the
preparation of artificial vaginas to inseminatiortie rabbit's genital tract, including the
essential quality controls and disinfestation.

From the purely technical standpoint, does foundmbe pregnant when palpated have
ovulated after artificial insemination, thus deyetgy a pseudopregnancy that made them
temporarily infertile. It is therefore futile toirseminate an empty doe less than 21 days after
the preceding insemination, when the pseudo-pregyniarover. In natural mating, however, a
doe can successfully be represented to the makeibiscrealized she is not pregnant (10 to
12 days after mating). In this case the absenpesgfnancy is almost always linked to an
absence of ovulation, whereas after artificial mg&tion the absence of pregnancy is linked
to early embryo mortality or the fact that the rilblas not been fertilized. Treating
pseudopregnant rabbits with prostaglandin may rethe length of the infertile period and
the rabbit can successfully be reinseminated aftarnsuccessful Al, but not enough is yet
known about the specific modalities involved.

Overall, the highest fertilization rates with Akaobtained with receptive does, i.e. those
which would have accepted natural mating. Thisaidigularly true for lactating does and is
why all (light, hormonal, etc.) treatments thatrease doe receptivity also improve the
performance of artificial insemination.

Lactation

Milk synthesis depends on prolactin, a lactogewierione. During pregnancy prolactin is
inhibited by the oestrogens and by progesteron@akurition there is a rapid drop in the
progesterone level. As oxytocin is freed the actibthe prolactin is stimulated and permits
the milk to mount in a predeveloped gland.

Milk is let down as follows: the doe comes into tiest box to nurse her litter. The stimulus
of nursing provokes the secretion of oxytocin,anfiammary pressure mounts, the milk is let
down and the young suckle. The amount of oxytoeareted is proportional to the number of
young feeding. But the doe sets the number of fgadsonce in 24 hours. Suckling alone
will not provoke the secretion of oxytocin; the et must want to nurse.

Aspects of milk productionDoe's milk is much more concentrated than cow'& except for
the lactose component (see Table 27). After thd theek of lactation the milk becomes
markedly richer in proteins and especially fats w0 to 22 percent). The already low
lactose content tapers off to almost zero afteB0ta day of lactation.

Daily milk production increases from 30 to 50 ghie first two days to 200 to 250 g towards
the end of the third week of lactation. It thengoapidly. The decrease is even swifter if the
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doe has been fertilized immediately after kindl{fgggure 13). The lactation curve varies from
doe to doe, especially with regard to duration. 8e@g the young rabbits' weight at 21 days
gives a fairly good estimate of total lactationpaitk production between days zero and 21 is
closely correlated with total milk production (=t0.92).

An important point is that the doe's milk outputreases with litter size but the baby rabbits
get less milk each than they would in a smalléeditDepending on genetic type, milk
production will not increase above eight to 12 beddybits.

Reproduction and environment
Lighting

In males exposed to artificial lighting for onlygli out of 24 hours significantly more
spermatozoa are present in the gonads than in éxpssed to light for 16 hours, although a
slightly larger amount is usually collected in ejtes from the latter.

Does, however, are far more opposed to mating aviti eight hours of light than they are
with 16. For both males and females 12 hours it legday produce average results. The

practice in rational European rabbit productiortsirs to light breeding areas artificially for
15 to 16 hours a day. The males and females aethtexgin the same room.

Temperature

The impact of temperature on spermatogenesis lesdiedied by various authors, but
usually for short periods ranging from just a fesuls to a few weeks at most. In a prolonged
five-week trial, Oloufa, Bogart and McKenzie (195Mted actual falls in the volume and
concentration of ejaculates at a high tempera®8&Q). A high temperature also affects
sperm motility even after such short periods ofesywe as eight hours at 36°C, or medium
periods such as 14 days at 30°C. Furthermore,faspde¢ems to be the worst effect,
temperatures in excess of 30°C reduce the bucksakarge.

TABLE 27 Average composition of cow's and rabbit'amilk

Rabbit's milk (days 4 to 21)Cow's milk

Components

Percentage
Dry matter 26.10-26.40 13
Proteins 13.20-13.70 3.50
Fats 9.20-9.70 4
Minerals 2.40-2.50 0.70
Lactose 0.86-0.87 5

Source Lebas, 1971a.
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However, these findings should not obscure thetfettrabbits do reproduce effectively in
hot tropical or equatorial climates. Breeders stidake the precaution of protecting their
rabbits against extreme heat; they should avoettsunshine and protect the cages with an
insulated roof, not just a corrugated metal shehtdh in fact transmits too much heat).

It should be noted that humidity does not seenateetbeen recorded in the various
laboratory tests on the effects of temperaturep@mnsatogenesis.

High temperatures also seem to affect female ralpigigatively. The lower prolificacy
attributed to does reared in hot climates (30°1C3 would appear to be the result not so
much of the temperature itself as a reduction iyb@eight caused by a lower feed intake in
the heat (Figure 14). It would seem, however, émalbryo mortality increases when the
temperature exceeds 30° to 33°C, although hera agaireased feed intake needs to be
considered as a possible cause.

Season

In Europe the season is usually analysed in tefrtteeaccombined effects of light and
temperature. In tropical climates the temperatffiereseems to be dominant but an effect
due to variations in the length of day light canbetexcluded. The reproduction cycles of the
European wild rabbit are strongly influenced by ¢$leason. Does breed from the end of
winter until early summer (Figure 15). The repradglut period can be longer or shorter, at
either end, according to both temperature and atvitity of feed.

Exposing domestic does to light for 16 out of 24itsan Europe considerably attenuates this
seasonal variation; indeed it nearly suppress&wvén so, reproduction problems sometimes
appear at the end of summer with no direct relataime temperature. In tropical climates a
drop in the rate of reproduction is noted during $hme period, the wet season, when
temperatures are high and so is humidity.

Rates of reproduction

The physiological features of the male and espgdia¢ female are such that the breeder has
great latitude in choosing a reproduction methag.fBr successful rabbit production the
choice of method must be preceded by careful sandlyplanning. The goal is to increase doe
productivity and reduce inputs.

Productivity, defined as the number of young per ger unit of time, depends on: the
interval between successive kindlings; litter sizdirth; and the survival rate of the young.
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FIGURE 13 Pattern of milk production in does
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These criteria can be improved by slow, methodie&ction and careful management of the
rabbitry environment. In practice the crucial fadgtoincreasing productivity is shortening the
kindling-to-mating interval. This means non-produetperiods must be reduced to the
minimum. Before such a strategy is adopted thedareghould consider:

e whether or not it will be exhausting for the dogsthaps leading to premature culling (this
depends mainly on feeding conditions);

e whether or not it might cause a spontaneous remuict doe fertility and prolificacy;

e whether it will lead to more work for the breeder.

The breeder's desire to improve working conditiang reduce labour costs must also be
considered. The final objective criteria for sel@stmust be the production of good rabbits
for sale or for consumption per unit of time or pesduction unit labour cost per hour.

Age at first mating

Before discussing the rate of reproduction, th&t fictor to consider is the age at first mating.
Shortening the unproductive period before the fittslr would automatically increase
productivity. Studies conducted in France on deesgiving a balanced concentrated feed

showed that female rabbits first serviced at fimd a half months had lower annual
productivity than females serviced three weekderaiThe first group had virtually reached
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their adult weight and were too fat. The best a0 have does serviced as soon as they
reach 80 (or, at the most, 85) percent of the reatigight for their breed. Females can be
serviced even earlier if their feed is extremelylWwalanced (see earlier section on female
rabbit physiology).

The three basic reproduction rates

The second method of stepping up production, atieier servicing, is to accelerate the rate
of reproduction. This amounts to shortening thetégcal interval between two successive
litters. In fact, the true rate of reproductioral&/ays slower than the theoretical rate because
not all does immediately accept the buck and Adralfertilized when rebred. There are
three basic rates of reproduction: extensive, setensive and intensive, but all intervening
stages are or have been used; the distinctionamesl here for illustrative purposes.

FIGURE 14 Changing live weights of young does aged fromt@7.12 days reared in
different temperatures
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Extensive reproduction rateThe breeder fully utilizes the does' maternal gt by
allowing them to nurse their young for five to siereks, rebreeding them soon after weaning.
Does are therefore serviced once every two andf anloaths.

Later weaning is in no way advantageous excetyer production - very young animals
which can be sold at eight weeks and have not goderweaning shock. In the United States
and the United Kingdom fryers with a live weightlo¥ to 1.8 kg are produced this way,
using breeds such as the New Zealand White. Thhanoan be serviced before weaning,
about five or six weeks after kindling, which allewwwo and a half months between litters.

FIGURE 15 Seasonal variation in percentage of gastg and/or lactating wild does in the
United Kingdom

Note: Figures are based on wild does shot for each month of the year.
Source: Stephen, 1952,

Where the quality or quantity of the feed is notagtandard, it is preferable to wean rabbits
at about 40 days. At the same time the breedeldistightly lengthen the resting period
between weaning and rebreeding so the doe can lyquihetr reserves again. In any case,
weaning later than six weeks offers no particularitional advantage. The milk produced by
the doe after this period provides at most 3 tefe@nt of the young rabbits' daily feed intake.

Semi-intensive rateThe breeder has does serviced 10 to 20 days afidirlg and the young
are weaned at four to five weeks. There is nogeatrast between pregnancy and lactation
for does. For 10 to 20 days the doe is newly pregwdile still nursing. The most important
phase of embryo development takes place duringltimp in milk production (milk
production may even have ceased), so there isah@coepetition between the demands of
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gestation and lactation. As these does never hasstiag period they need sufficient and
well-balanced concentrate feed.

In rational European rabbit production units, aisetensive reproduction rate has basically
been the rule since the late 1980s: rebreeding 1@ days after kindling; weaning at about
34 to 38 days. At this rate, the work can be pnognad by the days of the week, as the plan
involves an interval of 42 days (exactly six wedbshween matings: 30 to 31 days of
pregnancy + 10 to 11 days following kindling.

Intensive rate.The breeder has the does reserviced just aftelikkindaking advantage of the
fact that they are then on heat. Weaning shoulel pé&ce at four weeks at the latest, usually
at 26 to 28 days. There are three main techniques:

e servicing the same day or the day after kindlthg:true postpartum rate;

e servicing scheduled for a speciflay,generally three or four days after kindling. This
corresponds to a constant interval of 35 days (fieeks) between litters; the results of this
35-day rate are economically disappointing bec#luseate of female acceptance of servicing
three or four days after kindling is very low in st@abbit production units, although not all;

e ad lib mating. A buck left together with postpantdoes will serve them several times
during the 48 hours following kindling. This is thatural rhythm of wild rabbits.

To arrange ad lib mating, breeders have workedvoaitypes of rabbit housing. The first is
the corridor-collar type: the does live in indivadwcages. They have a broad collar around
their necks to prevent them from leaving the cageugh the calibrated opening leading into
a communicating corridor. The buck, however, hae ficcess (at least temporarily) to the
does' cages and can mate whenever the doe is ready.

The second is the group system: a buck and petbamoes live together in the same cage.
They can mate at the optimum times. However, spagiangements must be made to curb
the natural tendency of females to kill the offagrof other does when they themselves are
lactating or ready to kindle.

Choosing the reproduction rate

Considering the greater nutritional needs of tregpant doe, especially one which is also
lactating, semi-intensive and, especially, inteasiproduction systems are only suitable
where does get the right quantity and quality efifdf these conditions are not met, the does
will usually accept the male but later abort.

Abortion extends the interval between litters tdehahe extensive breeding interval. Figure

16 shows the main periods in the reproduction cgol how under intensive reproduction
the doe has no opportunity to build up reserves.
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Numerous comparisons of intensive, semi-intensnteextensive reproduction have been
made, principally in France. Twenty years ago itters of does mated postpartum numbered
one less than those of does remated ten or moseati®y kindling. This is virtually no longer
true, mainly because of improved feeding and thecten of strains and lines suitable for
intensive reproduction. The systematic use of thstrimtensive reproduction method,
however, makes it difficult to keep female brooac&tin good condition, particularly
primiparous females. This means a more rapid tienof/stock and the risk of an
unfavourable subclinical disease situation, makiogs more sensitive to any agent of disease
or environmental perturbation. After extensive ekpentation from 1970 to 1985, European
breeders have in fact almost all abandoned themswic use of postpartum servicing.

In many cases, breeders adopt a variable ratgpoadadaction, depending on the condition of
the does. For instance, a good healthy doe whiotiyzes a litter of fewer than seven or eight
is immediately remated. If she has given birtheto or so young the breeder waits about 12
days before having her serviced. In autumn, whenharder to get the rabbits to mate,
breeders systematically take the does for serviafteg parturition. This is to take advantage
of the strong postpartum oestrus during which 993 @ercent accept servicing. Even so,
breeders avoid postpartum remating of primiparamesdAs has already been mentioned,
breeders are increasingly adopting a semi-inter&veay rate organized on a weekly basis,
as will be discussed in the chapter on rabbit memesnt.

With careful use of a semi-intensive rate, a goakt) and balanced feed, European breeders
are obtaining 55 to 65 weaned young annually per btothe tropics under identical
production conditions of rate, breed and feedihg,fumber of young produced per doe is
about 30 to 40.

Using the extensive rate the best breeders obfain 35 weaned young per doe per year. In a
tropical climate, depending on the region and dgfigon feeding, 15 to 30 weaned young
can be produced under extensive reproduction.

FIGURE 16 Distribution (as percentage of productiviée) of gestation, lactation and
resting periods in does used at different rategeproduction(EXTENSIVE)
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FIGURE 16 Distribution (as percentage of productiviée) of gestation, lactation and
resting periods in does used at different rategeproduction(SEMI-INTENSIVE)
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FIGURE 16 Distribution (as percentage of productiViée) of gestation, lactation and
resting periods in does used at different rategeproduction(INTENSIVE)

81



Chapter 4
GENETICS AND SELECTION

Introduction

Domestic rabbits are the descendant®gfctolagus cuniculus, species native to the
western Mediterranean basin (Spain and North Afridéld rabbits belong to other genera:
Sylvilagus, Coprolagus, NesolagaisdBrachylagus.The rabbit was domesticated relatively
recently: most breeds are created by humans antbaskler than 200 or 300 years, which is
why there are few locally adapted land races.

The rabbit has been used as an experimental amrgahetics and reproduction physiology
since the beginning of the century, but it wasurdtl 1950 that the first findings on
guantitative genetics were published, in Vengeidysbf maternal influence on rabbit birth
weight (Venge, 1950). This work paved the way &search on the genetic improvement of
the rabbit for meat production. Scientists at tlaidhal Institute for Agricultural Research
(INRA) in France initiated research and developnierhis area in 1961, followed by work
in other research laboratories in many countrigsh ss that of the teams of the University of
Zagazig in Egypt, of GAdollé and Kaposvar in Hurygaif 1ztnanagar in India, of Milan and
Viterbo in Italy, of Valencia, Saragossa and Bavnalin Spain, the Normal team in the
United States and the Chinese teams (particular8hianghai) and those working in Nitra in
Slovakia and in Cracow in Poland. Robinson's egoell 958 bibliography ienetic studies
of the rabbit,based on sound genetic and physiological datesoutdated by this new
research.

Work on rabbit genetics has been regularly updatedbrld rabbit congresses (Rouvier,
1980; Matheron and Poujardieu, 1984; Rochambed8)18lowever, experience gained
under European production conditions cannot besteared directly to developing countries.
To upgrade their rabbits, breeders should use kuatals, either native or from imported
populations that have been locally adapted, ancemak of the genetic variability that is
available.

It does seem that priority should be given to redean rural and backyard rabbit production.

These would be small, thrifty, autonomous unitsineqg little investment and using local
resources. They would be reasonably productive.

Genetics of rabbit breeds and populations
Perhaps the best of the various definitionbrekdis Quittet's: "A breed is a collection of

individuals within a species which share a certaimber of morphological and physiological
characters which are passed on to their progefgngsas they breed among themselves."
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One way of assessing the genetic uniqueness efeéliff breeds is to study their origins. A
breed is the outcome of the combined impact ofieei and natural selection (environmental
adaptation). It is difficult to define exactly whata breed and what is its background.
Artificial selection may be based on a number &fedent criteria, not necessarily all to do
with productivity. The breeding conditions may ler artificial or natural, the environment
may gradually change and so on.

Rabbit breeds or populations can also be definéerims of gene frequencies. This is
possible with genes identifiable through their blisior major effects on progeny. Coloration
and hair structure are classified as visible effethanks to advanced observation techniques
the genes governing blood groups, biochemical aatkim polymorphism and hereditary
anomalies are now also known. (See Zaragbzd.,1990.)

For quantitative characters, such as litter size@&ght at weaning, which are controlled by a
great many non-identifiable genes, rabbit poputetican also be defined by their
performance. These genes are also assumed toitti@veffect on overall variability and to
function independently, according to the standasimptions of quantitative genetics. Such
characters are also influenced by the environnidre.environmental characteristics must be
carefully described (number of breeders, the divaaif selection, the origin of the
population and its range) when describing a pomrat

The genes are carried by chromosomes organize@pairs (2n=44). About 60 markers
have been described. These are genes of visilgeteffich as colour or coat or morphological
anomalies, or genes coding for molecules of whiehltiological impact is being studied.
These two approaches are hard to reconcile, fardedten use only one type of marker.
Among the markers described, 37 have been placeijbhautosomes and on chromosome
X; 23 markers constitute six linkage groups, areititus of six markers has still not been
found. All these markers are spread over a majofi2 pairs of rabbit chromosomes. The
links between the biological markers and the géoresolour or hair have rarely been tested,
however.

Experience has shown that the rabbit can supmldvaand gradual increase in inbreeding,
but research suggests that mating programmes fali populations should minimize its
extent and rate of increase among the stock (Rogobam 1990).

Breeds created by selectors, particularly amaieauise United States and Europe, now
conform to official standards. The book of fhederation francaise de cunicultu(EFC) on
standards for rabbits describes more than 40 bré&sd$ has been bred from animals of local
and regional populations, or by crossing existiregds, or by using mutants for changes in
coat colour or structure. Mass selection for sizé lsody morphology has separated these
breeds into giant, medium, small and very smait iIhteresting to study the origin of the
breeds to learn whether they may correspond tanatigenetic ensembles and to attempt to
determine their characteristics.

The characters by which an animal conforms to ading standard, such as body size,
whether or not it is compact, coat colour and dgresid ear size, may be related to its
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resistance to variations in climate. In fact, stagttors as coat, skin, body area and weight
affect the animals' body temperature.

The currently known genetic determinants of vaoiadiin colour and structure are listed
below. Coat colour has always been of great intéodsreeders.

Coat colour and hair structure

In The genetics of domestic rabbisiblished in 1930, Castle described six mutatinre®at
colour and two mutations in patterns; three mutetion hair structure; one mutation in the
yellow colouring of the abdominal fat and two ligagroups. A convenient way to detect the
effects of various mutations is to describe théit&h"wild" colouring. The coat consists of
three types of hair: the longer, rectrix guard $\astiff at the base; the more numerous tectrix
barbed hairs forming the major part of the coatictvishare a hair follicle with the third type

- the shorter hairs making up the undercoat.

The coat colour of the wild or "agouti" rabbit cests of grey dorsal fur with a much lighter

or white ventral area. The long guard hairs arelblaut appear deeper black at the tips and
bluer at the base. The barbed hairs have zonesdmirc black at the tips, with a yellow band
in the middle and bluish at the base. The fibrethefunderfur are bluish at the base and
fringed with yellow at the tips. Colouring is thhasically due to the distribution of black and
yellow pigments (eumelanin and phaeomelanin) irhthie, especially in the barbed hairs, and
over the whole coat (sides and back in relatiopetty fur). Mutations in different loci

modify this colouring.

Colouring. There follows a list of the international notatioinalleles. Arnold (1984) shows
the correspondence with the German system.

e LocusA, agouti: the non-agouti mutati@yproduces animals without a yellow band in the
hair and a lighter belly. Their colouring is unifiorA is dominant ovea. A third allele has
been described at this locas (tan pattern), which is recessiveA@nd dominant ove.

e Locus B, black pigment: a recesslvallele produces a chocolate brown pigment instéad o
black in agouti hair.

e Locus C: the C gene is required for the develograépigments in the fur, skin and eyes
and hence for the expression of colouring. Thessue ¢ gene inhibits the expression of
colouring, causing albinism in recessaehomozygotes. There are several alleles at this
locus, quoted below in dominant-to-recessive order:

C: full expression of colouring.

c™ chinchilla, suppression of colour in the interriagel band of the coat.
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¢ Himalayan. Only the hairs at the body extremities black. The expression of this gene
depends on the ambient temperature.

c. albinism. The albinism locus is epistatic oves tolour loci. The cc genotype covers the
expression of colour genes situated at other loci.

e Dilution, D, d: the recessive mutadt allele affects the intensity of the pigmentation,
causing a dilution of the pigment granules. The ihamtD allele produces normal
pigmentation density. The recessda&homozygote is found in the genotypes of blue (blac
diluted to blue) or beige (yellow diluted to beigabbits.

e Normal extension of bladk or yellowe: thee gene mutation causes increased yellow
pigment in the hair, tending to replace the blamidfown) pigment. Grey, black or brown
breeds have the E gene. Yellow and red breedeeessiveeehomozygotes.

¢ Vienna White locus: Vienna White rabbits have ctetgly unpigmented fur but coloured
eyes (blue). The original gene is caladnd its mutated form. Rabbits of the Vienna White
breed are therefore recesswehomozygotes. Crosses of this breed with albinbitab
produce coloured progeny.

e Mutations producing a mottled coat: these mutatiomolve the loci for Englis(En, en)
and Dutch Du, du). The Papillon rabbit is of thEn enheterozygous genotype. TRae gene
is incompletely dominant. THen Enhomozygotes are whiter than the heterozygotedewhi
recessive homozygotes are blacker. The colour gpedaif the Papillon rabbit (Giant
Checker in English, Mariposa in Spanish) canngtibpointed. At the other locus tlder du
genotype produces the white belt characteristib@Dutch rabbit.

Hair structure mutations.The three main ones are:

e Angora. This is a recessive autosomal mutatiomesged as a lengthening of the duration
of hair growth at the same speed of growth whiddpces longer hair. The wild (
dominant) gene has mutated into a recedsaliele to produce the Angora. The mating of
two Angora rabbits always produces Angora offspringo rabbits with normal hair can
sometimes produce a fraction of Angora progenyef/tarel| heterozygotes.

e Rex. This is a recessive autosomal mutation thases almost all of the guard hair to
disappear. The coat looks different with shorter.Ade symbol for the Rex generisand
for the dominant wild allel&.

¢ Hairlessness. This is caused by several recessitaions and is usually lethal.

The genotype of the coat colour and structurelibitebreeds can be predicted when these
loci are known. So far not much gene interactiaibly affecting body colour and breeding
characters has been found, but there has beetitderyesearch in this area. The Angora and
Rex genes are of course exploited to produce angoodand Rex fur.
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Groups of breeds by adult size and origin

There are different kinds of breeds:
e primitive or primary, and geographic, from whidhather breeds have come;

¢ breeds obtained through artificial selection fribv@ above, such as Fauve de Bourgogne,
New Zealand White and Red and Argenté de Champagne;

e synthetic breeds obtained by planned crossesvefaleoreeds, such as Blanc du Bouscat
and Californian;

e Mendelian breeds, obtained by the fixation of & rharacter of simple genetic
determination, appear by mutation, such as Castoba&tin and Japanese.

Breeds are conveniently grouped by adult size, lwli@lso related to production
characteristics such as precocity, prolificacywglorate and age at maturity. A major
determinant of adult size is the origin of the lokee

Heavy breedsAdult weight exceeds 5 kg. Fertility is generdtiw. The growth potential of
the heavy breeds can be exploited, especiallyassebreeding. The Bouscat Giant White,
(French) Belier, Flemish Giant and French GiantilRapare examples. The fur of the
(French) Belier varies greatly in colour and camwibéte, agouti, iron grey or black. Its body
build would make it a good meat rabbit. Howeveis ibred for show and therefore found
only in small units, at least in France. The brisamhore important in other European
countries such as Germany and Denmark.

The Bouscat Giant White is a synthetic albino bréieid a large rabbit known for its
prolificacy and fast growth rate in traditional Rob rabbitries. The Flemish Giant from
Belgium comes in several colours. It is one oflt#rgest rabbits (potential adult weight 7 kg)
and is still farm-raised. This breed could furngspene pool for improving growth in other
breeds; Flemish Giants could be pure-bred forghrpose.

Average breedsAdult weight varies from 3.5 to 4.5 kg. These e basic stock of breeds
used for intensive rabbit production for meat irsteen Europe and are the most numerous.
Only a few examples are described here.

Silver rabbits are found in several countries (EtgBilver, German Silver). These varieties
differ from the Argenté de Champagne in adult $izeglish Silver is lighter) and colour.

Like Fauve de Bourgogne, Argenté de Champagne éxample of a breed that has
developed with selection over many years from #&red population (Champagne). The
breed is known for both its fur, once much soudteraand its productivity: high fertility,

quick growth, good muscle development and good mpeality. Its adult weight is 4 to 4.5 kg.
It is farm-bred in France, usually on straw litiResearch has begun on intensive breeding of
Argenté de Champagne.
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The Fauve de Bourgogne is also of regional origihas spread throughout France and
elsewhere in Europe (Italy, Belgium, Switzerlantf)e Fauve de Bourgogne Rabbit Breeders'
Association has established a stud book for treedhrensuring pure-bred selection.

The New Zealand Red was first exploited in Califamith a selection system similar to that
used in France on the Fauve de Bourgogne, witliffexrence that the New Zealand breed
was raised on wire-mesh floors which were introdutrich earlier in the United States than
in France.

The Californian is a synthetic American breed. disvpresented for the first time in 1928 in
California by its breeder, whose objective was ata@imal with very good fur. The adult
weight of the Californian is 3.6 to 4 kg.

The New Zealand White originated as a breed irbimiéed States. It is the albino offspring of
coloured rabbits. From the outset it was bred sekdg in large meat-production units,
especially in southern California (San Diego aré&a)ijts breeding qualities: prolificacy,
maternal performance, fast growth rate and precsdimdy development which makes it
ready for slaughter at 56 days, the objective baitight carcass. The New Zealand White
adult weight (4 kg) slightly exceeds that of thdifdenian. The New Zealand White was used
in the first studies on the rabbit at the Fontatzi& in California. Since 1960 this breed has
spread through Western Europe and other regiofistigt growing use of mesh floors for
rabbit cages.

The Large Chinchilla rabbit raised in Europe isGgrman origin. Its adult weight averages
4.5 kg. It can be bred for meat and fur.

Lightweight breedsThese breeds have an adult weight of 2.5 to Jkgy include the Small
Himalayan, the Small Chinchilla, the Dutch and Enench Havana.

The Russian or Himalayan rabbit is white with blagkremities. It is thought to have
originated in China and spread from there to RussthPoland. It carries the Himalayah C
gene mutation.

The lightweight breeds usually develop very quickiyg make excellent mothers. They eat
less than the medium and large breeds and couwdblsed or used pure in developing
countries to produce a light, meaty carcass of 1L 2&g.

Small breedsThese breeds weigh about 1 kg at maturity. Theyepresented chiefly by the
Polish rabbit, with its many variations of coataal. Selection for small size has led to very
low fertility and a marked decrease in growth ra@teese breeds cannot be used for meat
production. They are bred for show, for the labmmaand as pets.
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Local populations and strains

Pure-bred animals are usually raised in small gg@ng their selection for breeding
characters is in its infancy. These breeds cowdcefore constitute interesting potential gene
pools for improving local populations.

Most rabbits raised for commercial meat produchetong to populations which may
resemble one breed or another (a question of agpeaonly, as they do not meet the criteria
for that particular breed in terms of origin andrgtards) and sometimes resemble no breed at
all. These are "common" rabbits, grey, spotted luitey the outcome of various unplanned
crosses. They may belong to local populations. Sexaenples of local populations in
developing countries are the Baladi rabbit of tod&(baladi means native or local in

Arabic), the Maltese rabbit of Tunisia and the @egabbit of Guadeloupe. Developing
countries planning to develop rabbit productionustidirst identify existing local populations
and establish their biological and breeding traitd adaptability before designing selection
programmes and improved production systems.

Many countries where rabbit production is receatird) back only a few decades, have no
clearly defined local populations. The populatians highly polymorphic and come from a
great many unplanned crosses with imported puré-émemals. Often these populations are
of limited potential and not locally adapted. Esen they should be studied before deciding
to eliminate them.

Finally, there are rabbit strains. The strain geaetically closed group, small in number, with
no outbreeding for several generations. Charatiteyisf a strain are the number of breeding
animals, the year and way the group was constitated possibly the mating programme
(selection or no selection). These strains carobed in research laboratories which keep
them to study their biological and breeding chamastics in order to make the best use of
them in selection. The INRA centre in Toulouse agand selection experiments on strains
(Table 28).

Private breeders have fairly recently begun selgatibbit strains, along the lines of the
poultry selection that has been practised sinc®.1B8t some breeders or small groups of
breeders, at village level for instance, may abseetcreated strains without realizing it.

Some research laboratories, such as the Jacksamdtaty at Bar Harbor, Maine, United
States, keep inbred rabbit strains or lines foraadely as laboratory animals.

Breeders in traditional rabbit-breeding regions losal populations. The genetic patrimony
of the population is shaped by the ecology of #gan, the characteristic production system
and breeders' interventions. Slowly, the populatieolves. Barring specific instances, the
population is open to bordering populations. Thasvs the trend towards uniformity and
offers new genetic variability for natural and/atifecial selection.

The next stage of evolution is the breed. Herébtkeeder is more important and defines a
standard and looks for animals which conform tdlite ecology of the region and the
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characteristic production system is less influéritian for populations and breeds are usually
more homogenous. Selection for confirmation tcaadard can lead to excesses. Breeders
may be looking only for external characters, netghggoroduction characters. They may
breed close relatives to increase the visual inggwasof homogeneity. The last evolutionary
stage is the strain. There are fewer founderswWalfezen for each sex) and few genes are
exchanged with neighbouring populations. A strainsually artificially selected for a few
traits. Strains are often more genetically homogertban breeds.

Breeding characters

The expression of breeding characters dependswroement and the breeder. A
comparison of results from several different enwments and geographical locations can
reveal general characteristics of the breeds ariepeFecundity, growth rate and tissue
development in young rabbits are three sets otl@aseding characters.

Fecundity. Fecundity is defined as the product of fertilityitnber of kindlings per doe per
unit of time) and prolificacy (number of young peéndling).

Prolificacy varies significantly according to seaieiactors which may be inherent in the
animal. Litter size increases by 10 to 20 percearhfthe first to the second litter and then
again, but by less, from the second to the thiith wo change from the third to the fourth.
After the fourth the size may decrease. Inbreediag reduce prolificacy.

TABLE 28 Characteristics of selected INRA experimetal strains

. . Selection Selection Population No. of
Strain and origin o : :
criteria methods size generations
1077 Litter size at Index 33 males 18
weaning
New Zealand White 121 females
9077 Field strain 22 males 12
Same origin as 1077 44 females
2066 Litter size at Index 24 males 18
birth
Californian and Large 64 females

Himalayan

Prolificacy also depends on the season and thedaptive rate imposed on the doe. In
healthy does receiving normal feed and 12 to 14<hotilight, prolificacy seems to be linked

to adult size.
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Ovulation potential increases, on average, with.sihe first factor affecting prolificacy is
the ovulation rate (humber of eggs) followed by vability of blastocysts and embryos
before birth.

In 1932, Gregory showed that litter size dependthemumber of eggs produced after mating
and this number depends on the body size of thexlb@97 for Polish does and 12.88 for
Flemish Giant. The corresponding litter sizes ghtare 3.24 and 10.17. Small light breeds
are generally less prolific than medium and langeetls. Elamin (1978) gives the following
average figures from the Sudan for the Baladi,f@adian and New Zealand White breeds:

Baladi |Californian INew Zealand White
Total litter size 4.7 7.10 7.49
Live births per litter 3.5 6.67 6.94

Matheron and Dolet (1986) analyse the results B8& females in ten rabbitries in
Guadeloupe. Their first category is small-size Gréemales. These are hard to find and so
breeders buy them in France and cross-breed them timaes. They then distinguish
between New Zealand White and "other" females oichvimore specific data are lacking. In
these complex crosses, breeders have used Arge@baimpagne, Fauve de Bourgogne,
Bouscat White, Papillon, etc. in addition to thewadtwo strains. Table 29 shows that New
Zealand females are more fertile and more prolfftus is a confirmation of the high
adaptability of this breed to local conditions aflintemperatures and humidity. Birth-to-
weaning mortality is still high, indicating a nefed further progress. Creole females are less
prolific but more viable than the "other" femal@&$e difference of -0.78 at birth is only -0.12
at weaning. The poor birth-to-weaning viabilityyafung from "other" females is surprising.
The literature indicates that these half-breed femaften benefit from the effect of heterosis
and complementarity, but the performance here slhiloaighis is not always the case. It is
also possible that the choice of breeds and cragagpoor.

Paez Campost al.(1980) give the breeding parameters of New Zeal@hde, Californian,
Chinchilla and Rex breeds raised at the NationdlbR&8reeding Centre at Irapuato in
Mexico, a tropical zone tempered by the 1 800 itudke (Table 30).

TABLE 29 Performance of females of three genetic pes in Guadeloupe rabbitries

Breeds Mortality (%)
Litter size Total TR
Number Pregnancy T_otal live |Weanecd Birth Birth t_o Total
rate (%) | births . weaning
births

Others 2159 75 7.33 6.72 4.54 8 32 38
Creole 78 71 6.55 6.21 4.42 5 29 32
New Zealand 291 80 7.44 6.71 5.14 10 23 51

White
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Total 2528 76 7.32 6.7C 4.60 3 31 37
Significance of -

* *% *%
the breed effect NS NS NS
Standard 2.78 2.86 3.00
deviation

Source:Matheron and Dolet, 1986.

TABLE 30 Average breeding parameters of four breedsaised at the Irapuato National
Rabbit Breeding Centre, Mexico

Live . Age at | Weight at
. Litter | births Rabbits first first Nu_mber of Number
Strains ! weaned X X litters
size per . mating mating . of does
litter per litter (days) (kg) examined
New 85 8.0 65 1.44 3.49 3723 600
Zealand
Californian| 8.0 7.2 5.8 140 3.50 1090 200
Chinchilla 8.7 8.1 6.0 132 3.39 562 140
Rex 6.8 6.3 5.1 153 3.02 554 120

TABLE 31 Litter size observations in Cuba for fourrabbit breeds

Total births per litter Total live births per litter

Semi-giant White 9.3 8.2
Californian 7.8 6.6
New Zealand White 7.0 6.2

Chinchilla 7.6 6.4

Source:Ponce de Léon, 1977.

Ponce de Léon (1977) obtained the results in Tableom four breeds researched in Cuba,
in a wet tropical climate. The characters of theseds and this rabbitry are defined in
greater detail further on in the chapter. The hagk of stillbirths (11.6 percent) is explained
by rearing conditions in the rabbitry.

The development of technical and economic managesystems in France and Spain
provides series of results describing performarexads in rabbit production units. For the
sample regularly followed in France by tinstitut technique de l'aviculturéiter size
(number of live births) rose from 7.2 in 1974 t8 ih 1986, reaching 8.6 in 1992.

Table 32 summarizes other findings comparing breeaied under rural or southern country
conditions. The numerous European and United Stat@parisons of medium-sized breeds
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such as New Zealand White and Californian rabfotsywhich Rochambeau's (1988)
summary might be consulted, have been deliberatelijted. The table stresses the
importance of studies in India and Egypt. Regréytahere are few studies on local
populations. The New Zealand White and Californegbits are used by many authors, but
they are very different strains. Since most autharsly specify the origin of their animals, it
is difficult to compare them and these various pafens of white rabbits may well have
only the phenotype of colouring in common. Thidéaddso shows the importance of specific
"giant" populations found in India and Egypt, butheut knowing the adult size of these
populations it is impossible to know whether theglly belong to giant breeds. Other
populations such as the Russian Chinchilla or tr@$ also deserve attention.

Biological components of prolificacyThe description of biological traits in local pdgtions
and breeds provides useful pointers for betteizatibn strategies. The procedure is to count
the numbers of corpus luteum to estimate the fad@uation. The number of implantation
sites and the number of living and dead embryoshe counted to determine embryo
viability. Litter size at birth completes the esdition of foetal viability. Observing the female
tractus after embryo implantation (seven days &ftedling and before the 15th day of
pregnancy), both the rate of ovulation and embigbiiity can be estimated. The simplest
method is laparotomy, to observe the ovaries aedisit As this usually requires slaughter of
the doe, the technique of choice today is the tzgranpy. The effect on the doe is
considerably reduced by the use of an endoscopehveliibows a normal productive life after
the operation, and several observations on the sarmade. Tables 33 and 34 show that
strains differ. The way the strains are classifiades between ovulation and birth, i.e. strain
2066 is penalized by poor pre-implantation viapi(itable 33).

Weight gain and anatomical compositioithe growth rates of young rabbits are strongly
correlated with adult size and weight where thexg leen no marked dietary deficiency.
Table 35 gives average weights of young rabbisuiatessive ages, from 28 to 78 days, as
well as carcass weights at 78 days, for the Smatakhyan and New Zealand White. The
table clearly shows the growth rate of young SiHathalayan rabbits (adult weight 2.5 kg) to
be slower than that of the New Zealand White b{eddIt weight 4 kg). Moreover, at 78
days the New Zealand White is more mature tharsthell Himalayan, when its live weight
is 63 percent of adult weight against 59 percenttfe Small Himalayan. The variation
coefficients, the ratio of the standard phenotype@ation from the mean, are typical of the
intrabreed variability of these characters for\aegifeeding system. Variability is greater in
young New Zealand White rabbits than in Small Heiyah. Medium breeds slaughtered at
the same age also vary in growth performance arwhssa composition. Table 36 gives data
for young Fauve de Bourgogne, Argenté de Champagdd.arge Himalayan rabbits
slaughtered at 84 days. Argenté de Champagne kaBemt growth, muscle tissue and fat
development for meat production. Fauve de Bourgagaeclose second.
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TABLE 32 Summary of selected breed comparisons fandividual weight at weaning,
individual weight at x weeks, litter size at birthand at weaning

Authors Charac-  Giant  Grey Red Yellow Califor- Chin- White Glant Grey  White White Norfolk  New  Sandy Russian
ters Bouscat Baladi Baladi Baladi nian chilla Flemish Chin- Giant  Giant T Chin-
Giant chilla ‘White chilla
Damodar and
Jatkar, 1985, Indla 10 W 115 19"
Khalll e o, WIN 0.44 08
1985, Egypt 12w .00t 102
Kosba ef al., ewW 0.65* &7 m
1985, Egypt 12w 10 7’ 97
Nunez et al, 8w 98 102 L&
1985, Brozil 12w 107 14 2.8
Kosba et al, 121w 87 1.0°
1988, Egypt W 79 22"
Afifi and Amara, BLE &.7" 93 14 Né
1987, Egypt WLS 37 100 ns 123
Darrodar and BLS 11& 49
Jatiar, 1985, Inciia wLs 61 42"
Gugushvil,
1981, USSR BLS a3 9% 8.0" 100
Khali ef af. BLS 65" 98
1987, Egypot WLS a5 9%
Lahid ond Mahajan, BLS 134 1M 78 102
1983 and 1984, India WLS 18 141 4.8 m
MNunez of of., BLs 93 1M 59"
1985, Brail WLS 107 95 3.6"
Rohumathulla BLS 53" 94
at ol 1985, ncka
Note: An asterisk after the fgure indi the ref ¢ value in numbers or kg; the other values are expressed in percentage with respect o reference value.
individual wei ing; ¥XIW = individual weight at x weeks; BLS = litter siz2 at birth; WLS = litter size at wearting.

WIN = weight at
TABLE 33 Litter size components in three experimerdl INRA strains

Strain
206610779077
Ovulation rate 14.513.8 13.0
Number of embryos implanted 1112.0 11.0
Number of live embryos at 15 days  9.80,4 9.7
Number of live + dead young at bii 8.0 8.2 8.4

Source:Boletat al., 1990.

TABLE 34 Litter size components in a sample of 238-strain females at the University
of Valencia

Average Standard deviation

Ovulation rate 15.0 2.1
Number of embryos implanted 12.9 2.6
Number of live embryos at 12 days 12.6 2.6
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Number of live + dead young at birth10.0 2.8
Source:Santagreu, 1992.

Weight gain and the growth rate of the main tissieggend on the breed's biological
characteristics and on production factors sucleedifg. So the criterion for describing a
breed in a particular production environment shquiztbably be maturity in terms of weight,
defined as weight at a given age divided by adelgit.

The most interesting breeds from the productiomtpai view are those with the best ratio of
weight gain to adult weight, which arrive earltla proper live weight for market.
Lightweight breeds could be utilized as pure-bradbetter, crossed with medium-weight
breeds for a light carcass with good muscle devet and quality meat (sufficient fat)
where there is consumer demand.

Genetics of breeding characters

The genetic improvement of breeding charactervaeleto the production environment
depends on the specific genetic variability exprdsa that environment. This variability is
expressed in animals of the same breed or locallptpn as well as in different breeds and
populations and in interpopulation crosses. Valiighis an expression of genetic differences
which selection and crossing try to exploit.

The question here is how genetic variability carekgloited in small-scale production,
preferably using local resources. Upgrading themidl of a species depends on its
biological characteristics, mastery of its reprdducand calculating the genetic parameters
for selection.

Biological characters

Controlled breedingOne breeding operation requiring much care and timthe breeder's

part is to get the first and successive litterenftbhe doe. In cage breeding the doe should be
serviced in the buck's cage. Once sexually mahg&ode can theoretically be presented to the
buck at any time except during gestation, but acpce she does not always accept the male.
Acceptance of the male and subsequent mating peddters only 70 percent of the time.

This figure varies with physiological conditiongason, breed and environment. Figure 17
summarizes the respective genetic roles of the bndikthe doe in litter size at weaning.

TABLE 35 Variability in weights of young rabbits fr om 28 to 78 days, and carcass
weights, for two breeds

Small Himalayan New Zealand White

X v (%) X v (%)
Age (days) Live weight(g)
28 428 8 599 26
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31 485 12 761 16

38 582 8 1013 14
45 770 9 1248 13
52 933 9 1568 15
59 1105 10 1860 14
66 1245 10 2066 11
73 1387 10 2300 10
78 1476 10 2503 10
Carcass weighg)
78 911 9 1364 7

Note: Animals bred at INRA (Toulouse Centre). Rationadarction; weaning at 28 days.
Carcasses with head and paws. x = average; Vv atigaricoefficient.

TABLE 36 Average live weight at 84 days, carcass vgit, muscle weight/bone weight
ratio, weight of fatty tissue in carcass, for thredreeds

Fauve de Argenté de Large
Bourgogne Champagne Himalayan

Live weight at 84 day§y) 2143 2460 2055
Carcass weighlg) 1305 1588 1287
Muscle weight/bone weight 4.3 4.5 4.0
ratio (%)
Weight of fatty tissue in 86 107 73
carcasgg)

Source:Rouvier, 1970.

The breeder is dependent on the sexual urges tiuitleand doe for the first essential step,
mating. Little is known about the biological basfgabbit sexuality. The urge drops with

high temperatures (28° to 30°C). In the hot sedlserdoe must be presented to the buck early
in the morning, from 0600 onwards, when the sexuoge is greatest.

Fertility is affected by ovulation, which dependstbe doe and takes place ten hours after
mating, and by fecundation of the egg, which depamdthe buck and occurs 16 hours after
mating. The genes of both the buck and the doellgcaféect prenatal growth and the

viability of the egg. Crossing can improve the vigpof the egg, blastocyst and embryo. The
doe has more influence in the uterine environmaotgbly on embryo nourishment. The buck
therefore has an influence on litter size.

FIGURE 17 Respective genetic roles of male and féenabbits in determining litter size at
weaning
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Source: Matheron and Mauléon, 1979,

Doe prolificacy is a breed characteristic, but vathbstantial individual variations (one to 18
young per litter). Once the doe has kindled, ttierlmust be safely raised to weaning. The
breeder affects litter size at weaning by protecthre young and by the feed provided for the
nursing doe. The viability of the baby rabbits, emaal behaviour and milk production are
also important. Kindling-weaning viability in thétér depends on the number of live births,
which varies from breed to breed, as shown in TaBle

This viability remains fairly constant for the nuemrlof live births in litters of three to nine.
Small litters (one or two live births) do not offefavourable environment for the survival of
the young. Live young at weaning peak at 8.60ifters of 12 or more. This suggests
practical rules for fostering to increase the tptalduction of young rabbits weaned. The
fostered rabbits may come from small (one or two)nore commonly from large (over ten)
litters. However, fostering implies both a sufficienumber of does in the rabbitry and the
breeder's familiarity with their maternal behavio@fter birth and once the young rabbit has
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suckled, it can be separated from the mother fdi®#s, allowing for easy travel and
transfer to a foster mother.

TABLE 37 Birth-weaning viability of young rabbits by litter size at birth

No. Of No. of live births per No. weaned per Birth-weaning viability
litters litter litter (%)
171 1 0.35 35
321 2 1.37 68
487 3 2.43 81
634 4 3.23 81
1035 5 4.06 81
1784 6 5.05 84
2741 7 5.80 83
3837 8 6.68 83
3753 9 7.34 82
2857 10 7.82 78
1343 11 8.21 75
676 12 8.57 71
221 13 8.59 66
63 14 8.60 61
Average 8.01 6.41 80

Note: Data from a rational rabbit production unit in teli-Pyrénées region of France.
Source:Roustan, Matheron and Duzert, 1980.

The biological characteristics of the female rabtwtulation induced by mating, acceptance
of the male from the day of kindling, no lactatmmoestrus, no marked seasonal anoestrus -
are such as to afford a wide range of theoreteg@aduction rates. As an example, Table 38
compares three different rates of reproduction@ramercial rabbit breeding centre in
Mexico.

Both does and bucks have a very high reproductmbenpial, as confirmed by the latest
research. Potential reproduction per doe per y@abe evaluated at 150 young. Achieving
this, however, will require many more years of egsk as well as the mastery of
environmental factors. For breeding in developiogrdries it is best at present to aim at
using local populations and longer reproductivequs. The best technique is to start by
upgrading traditional production techniques andgrelthey exist) local populations.

Tissue growthAsdemonstrated by Cantiet al. (1969), bone tissue in rabbits develops first,
followed by muscle and then fat. In a populatioc@nmon rabbits of average adult weight
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(4 kg) the skeleton develops rapidly up to a liveght of 900 g. Growth then continues more
slowly up to 4 kg. Muscle tissue gains very quickiyveight up to a live weight of 2.3 to 2.6
kg, when the curve falls abruptly. Adipose tissaeealops at a fast rate after 2.1 kg. To allow
for the differences in the speed of overall weigdih due to breed or feeding, rabbits should
be slaughtered at 50 to 60 percent of the normat aekight for their breed or population.
This is the right stage for the best anatomical mosition of the carcass and the most
efficient utilization of feed.

TABLE 38 Comparison of three reproduction rates

Breeding characteristics Rates

1 23
Breeding does 7575 | 75
Age at weanindgdays) 28 |35 | 42
Presentation of doe to buck after kindliagys) 3 10 17
Rate of acceptance of mgBs) 8584 87
Gestation rat€%o) 6184 | 87
Theoretical number of litters/doe/year 9800 6.95
Estimate of litters/mother-cage/year 775 | 6.6
Number born per litter 17.50.6 7.7
Live births per litter 6.36.9 7.0
Number weaned per litter £.8.9 5,8
Average weight at weaning) 520/760/990

Source:lrapuato National Rabbit Breeding Centre, Mexico.

Poor feed slows down overall weight gain and loveersversion efficiency - the amount of
feed necessary to produce a 1 kg weight gain. migst not be a drawback in a breeding
system using local resources for feeding the grgwatbits, but the fastest growing animals
in a population have the best carcass compositus¢le/bone ratio, fat percentage) at
slaughter age or weight. Young rabbit meat is radiulean; there is no excess fat. The best
slaughter age and weight must be worked out ingerimarket demand, the production
system and the type of feed used.

Genes and the environment

Most quantitative breeding characters - fertilitigbility, growth, etc. - are poly-genetically
determined, but they are also subject to the effetthe environment. Phenotype is the
outcome of the impact of genotype and environmard oharacter. The genotype is the
outcome of the effects of genes at several loce dvironment is made up of a number of
components: climate, habitat, the animals' microate, temperature, humidity, air speed,
rabbitry equipment, breeding techniques and feegragtices, and the human factor-the
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breeder. The genetic determination of characteatians is of dual interest to the selector
and breeder: first, to exploit the genetic varigpibf animals of the same breed or population;
and second, by crossing, to exploit the geneti@bdity between breeds and populations.

Individual genotypic values are not directly obsdre, only performance (phenotypes) can

be measured. The conventional model of quantitagerestics assumes phenotypic value to be
the sum of genetic value and environmental faciings model assumes genotype and
environment to be independent. According to thislehogenetic value is partly the result of
additive genetic value and partly of gene intecactin the same locus (dominance) or
different loci (epistasis). Using a regression Gioent, the additive genetic value of an
individual is estimated for the performance of ihdividual and its relatives. A selection
programme tries to create genetic progress, iiactease the average additive genetic value
of the population.

TABLE 39 Allometric coefficients of the main organsand tissues and indication of
critical body weights (less digestive content) obsed in male rabbits

]!vm:l{l Digestive Skin Adipose Skeleton Muacles Liver
weight tract fssue
(g)
113
650 0.44
0.82
as0 091
950 1.25
1000 1.20
046 1.87
0.86
1700
0.55
2100
3.21 0.47
2450
0.50

Source: Cantlet et al,, 1989, quoted by Quhayoun, 1989.

Heritability and genetic correlationsThe amount of genetic progress depends primanily o
how much of the variance is of additive genetigiori This coefficient is called heritability
and it is calculated as the ratio of additive genedriance to total variance. Heritability
therefore varies from zero to one. Heritabilityaiso the regression coefficient of an
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individual's additive genetic value over his/hemoperformance. Heritability varies with the
character, the population studied and environnieparticularly varies with gene frequencies
and thus changes in a selected population.

Figure 18 shows the heritability of the principbbeacters of interest to breeders. Heritability
is read clockwise from the left. Female fertilisynear zero in terms of heritability. Then,
moving clockwise, heritability increases. The radility of litter size is about 0.10. The
highest heritability is for weight at a standar@ 0.2 to 0.3) and this increases as the animal
grows and maternal influence wanes. Postweaningtgraate and feed efficiency in

collective cages are between 0.3 and 0.4. Abové@characters such as carcass weight,
muscle/bone ratio, intake in a group cage and blaugyield.
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FIGURE 18 Heritability and genetic correlation ofjppduction characters in rabbits
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These estimates are relative: the problem of esitigha variance ratio with the available data
is compounded by variations of heritability in pdaand time. Rochambeau's 1988 review is
an instructive illustration of this: heritabilitpif the number of live-born young varies from
0.0 to 0.4 when the upper quarter and lower quagemates are removed. The variation for
individual weight at 14 weeks is 0.2 and 0.8 urttiersame conditions.
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Genetic variability among breeds and populatiom®cal breeds or populations could be
compared with improved breeds in other countriesiwarder different production systems.
Breed differences are primarily exploited througbss-breeding. Interbreed comparisons in
rabbitries are therefore very useful. Local bremus$ populations can be compared with
improved breeds in other countries and breeds pextlin different conditions. Interbreed
differences are basically exploited through croslles all crosses are advantageous,
however; they must be tested. The main advantdgaess-breeding are heterosis and
interbreed nicking ability.

Heterosis may be defined as better breeding peaioces of crossed animals than that
obtainable with the average of the two pure paoes¢ds. Heterosis may apply to the young
rabbit (its viability, for example), the crossededgertility, milk production) or the crossed
buck (vigour, sexual urge, fertility). Characteubct to dominance, such as reproduction
characters, are those most likely to benefit fratefosis.

Heterosis may occur where the populations crossgtt denetically, which is not always
revealed by a phenotypic study of the pure breeg®pulations. The crossed animals are
always more heterotic than the animals of the teu@ipt populations and this implies greater
adaptability to variable and difficult environmeihtanditions. Crossing can therefore be
useful in improving rabbit breeding in developir@uatries, but crossing trials must be
planned. Where local populations exist their usec®@mmended.

Cross-breeding makes possible the optimum useediittking ability of the breeds or
populations crossed. Nicking ability concerns the groups of characters from the mother
and her young which contribute to the quantityadfhit meat produced by the doe. In cross-
breeding this ability is aimed at bringing togetb&her the overall characters relative to the
mother and the offspring, or a favourable comboratf additive effects on the components
of an overall character.

In the first instance, bucks of a breed with higbvgh potential are crossed with does of
another breed or population that exhibit good ficzlcy, maternal performance and tolerance
of the production environment. The second instaaceerns traits making up an overall
character. Thus, ovulation rate and egg and embamlity are components of litter size at
birth (prolificacy). Prolificacy and birth-weaningability are components of litter size at
weaning. Crosses can therefore be sought which ioenabhigh ovulation rate and strong
embryo viability in the crossed doe. These charactey well be antagonistic on an
intrapopulation basis.

The effects of heterosis and nicking ability aré systematic. Crossing programmes are
needed to bring out these effects clearly. Letamsicler populatiod and populatiorB. It is
recommended that two pure-br@dx A) and (B x B) be compared with two reciprocal
crossegA x B) and B x A), to highlight the effects of the maternal and graaternal
generations.

As an intuitive illustration of the maternal effelett us assume that bre&dhas an adult
weight of 6 kg and breed B an adult weight of 3\Rig cross ah male with a B female and
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a B male with arA female, and compare the weight of the young animga The youncAB
rabbits have the same genetic heritage on avestje goundA rabbits, as they share half
of the paternal and half of the maternal genes.yblueg have a different maternal
environment, howeveA females have a larger uterus and produce moreswoitke young
weigh more at weaning. Thus, even with the sametgeheritageBA rabbits are heavier at
weaning tharAB rabbits because of the favourable maternal effeabore precise definition

is given in Matheron and Mauléon (1979). It is mooended that two successive generations
of crosses be studied to bring out the direct ethébeterosis on rabbit characters and on the
maternal effects, as expressed in the female dessad he first generation includes crosses
(AxA), (BxB), (AxB)and B x A), the second consists of mating pAuk andBB females
and half-breed\B andBA females with, for example, males of a third Cistrd more than

two populations are studied, the number of genatypeompare at the second generation
increases with the square of the number of popuiati

One example is provided by an INRA experiment atfbulouse Centre in 1987 to 1989.
This three-stage experiment used strains 1077, 80@d 2066, as shown in Table 28. The first
stage involves a factorial mating between malesfam@les of three strains: males of each
genotype (1077, 9077 and 2066) are crossed withlenof each genotype (1077, 9077 and
2066) to obtain litters with nine genotypes (thpeee and six cross-bred). At stage two,
females from these nine genotypes were mated watesrof three pure genotypes. At the last
stage, the same females were mated with malesdetpto two strains of terminal crossing
of different origin. The first three litters of tliemale were checked at each stage. The
females were then slaughtered during their fourlgpancy and litter size components
studied.

Table 40 compares the performances of pure and-tmesl females. Cross-bred females
were superior on the whole, the number rising fovmulation to weaning at a rate of one to
13 percent. There are also differences betweeputeestrains and cross-bred females. The
following analyses attempt to explain these diffiees for further use. 2066 females have a
better ovulation rate but this advantage disappeatise next stage. The performances of
2066 and 1077 are fairly close. The 9077 straifopers less well.

Cross-bred genotypes with 2066 genes also havgharhovulation rate: an advantage
maintained up to weaning, where the genotypes 20B&/7 and 1077 x 2066 confirm their
superiority. Litter size is considerably increabgdhe use of cross-bred females.

Table 41 analyses the same findings in terms oétgerffect. For direct genetic effect, 2066
has a negative effect on the number of implantatites and 9077 has a positive impact on
litter size at birth. The maternal effect of 90#%vthe number of implantation sites contrasts
with the positive effect of 1077 on litter sizevaganing. While the effect of direct heterosis is
weak, maternal heterosis has a major effect ondingber of implantation sites and is
maintained until weaning, achieving 16 percentlfor7 and 2066.

The results of crossing experiments, of particiitarest in selecting an optimum animal
utilization strategy, are specific to the animapplation studied and cannot be generalized for
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all animals in a breed. However, they can desddbal populations or strains, thus selecting
the best way to use them in cross-breeding or preeding.

Cross-breeding in tropical countrieS.he biological bases for superior crosses should be
sought among the available animal populations bre@rious environments. Several large-
scale studies of interbreed crosses in tropicahtms have been made: there follows one
from Cuba, and then a synthesis of experimentak WwoEgypt.

These studies were made on animals from importelthaatized breeds, not on local rabbit
populations. Meat production was improved by usgigbest crosses. In 1969 to 1971 the
Cubaninstituto de Ciencia Animalrossed four breeds on a rotational basis: Seamtgi
White, Californian, New Zealand White and ChinchilThe characters analysed were litter
size at birth and weaning, and litter weight at meg. The experiment was conducted during
the dry season (November to April, mean temper&r2°C, humidity 75.2 percent) and the
rainy season (mean temperature 26.1°C, humidify g&tcent). Some of the experimental
animals from these four breeds had recently begoitad from Canada, others had been in
Cuba for some time. Adult weights are given in Eadi.

TABLE 40 Average female performance in nine genotygs: litter size components
measured at different stages

Female Number of Number of Litter size at | Litter size at

genotypes* corpus luteum implantation sites birth weaning
9077 x 9077 13.0 11.0 7.8 6.9
2066 x 2066 14.5 11,1 8.5 7.2
1077 x 1077 13.8 12.0 8.6 7.5
Average 13.8 11.4 8.6 7.5
2066 x 1077 15.2 13.4 9.9 8.7
1077 x 2066 15.3 131 9.9 8.8
1077 x 9077 12.4 10.9 8.5 7.4
9077 x 1077 12.7 11.0 8.8 7.8
9077 x 2066 13.5 11.9 8.7 7.9
2066 x 9077 15.0 12.5 9.4 8.3
Average 14.0 (+1%) 12.1 (+6%) 9.2 (+11%) 8.1 (+13%)

* Paternal genotype followed by maternal.
Source:Brun, Bolet and Ouhayoun, 1992.
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TABLE 41 Genetic parameters of litter size measuredat different stages between
ovulation and weaning

Parameters Genotypes' Implantation Litter size at Litter size at
sites birth weaning
Direct i 9077 0.8 0.4 0.3
irect genetic
effects 2066 -1.2 -0.4 -0.2
1077 0.4 0.0 -0.1
9077 -0.9 -0.8 -0.4
Maternal effects 2066 0.5 0.5 0.0
1077 0.4 0.3 0.4
2066 x 3 5 0
1077
. - 1077 x -1 1 0
Direct heterosis 9077
9077 x -1 3 6
2066
2066 x 15 15 16
1077
- 1077 x -4 7 7
Maternal heterosis 9077
9077 x 10 9 15
2066

Source:Brun, Bolet and Ouhayoun, 1992.

The animals were raised in hutches identical teg¢hgsed for rabbit breeding in southern
California. These are wire cages with wooden ngdiimxes arranged in single decks in two
rows, in a roofed building open on all four sid€kis habitat protects the rabbits from direct
sun but in a wet tropical climate cannot proteciast rain and wind, which explains the high
mortality rate of the rabbits before weaning.

An extensive system of reproduction was used, wihning at 45 days, followed by mating.
The average figures on litter size show a normalifgracy for breeds of this adult size (7.45
total births per litter); slightly higher than noaistillbirth rate (over 10 percent); and, above
all, a high birth-to-weaning mortality (2.5 rabbiteaned per litter). This was caused by
inadequate protection of the nests from wind andaad inadequate feeding of the lactating
does. It is interesting to know the positive cdnition of cross-breeding in such difficult
production conditions.

A comparison among the pure breeds revealed tha&emi-giant White loses fewer young
between kindling and weaning than the others, hadvieaning weight is better. For simple
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crosses the highest averages for number of youagedeand lowest total rabbit mortality
figures were recorded by New Zealand White x SeartgWhite. Numerical productivity

can also be increased by crossing the female pyagfethis cross with Californian males.

The most productive cross is Semi-giant White do€hinchilla bucks.

Afifi and Khalil (1992) summarized the findings mhe Egyptian experiments published
between 1971 and 1990. They compared pure andredsanimals from local or imported
populations. There is a long list of breeds usexidgat, Chinchilla, Giza White, Baladi
White, Red and Yellow, Grey Flemish Giant, Whiterlsh Giant, New Zealand White and
Californian. The trial designs include many simglesses but, unfortunately, few cross-bred
females. The authors of the summary conclude tivall breeds (Giza White, Baladi) are
superior for characters expressed before birthtlaadmported breeds (New Zealand White,
Californian, Bouscat) better for postnatal chanact€he review includes a great many
estimations of the effects of direct heterosisersmmarized in Table 43. In these
experimental environments, the direct effects eétuosis proved weak for the characters
studied. Apart from an average value of 15 pertmmittter weight at birth and 7 percent for
litter size at weaning, all other values were betopercent. They are close to zero for
individual weight at four and 12 weeks and for pestning viability. The effects of maternal
heterosis are stronger, even though the low numibexperimental results does preclude a
categorical statement.

Genetic improvement: Selection and crossing

France, Italy and Spain in southwestern Europel@veloping genetic improvement
programmes to meet the needs of intensive produgtia temperate climate. Animals
selected in Western Europe are not necessarilgebefor small unit production (five to 60
does) in different production conditions. Locallvalbreeds and stock bred locally using
various imported populations should be used foegemmprovement.

Efficient genetic improvement should be a grouprfivith scientific and technical support
from the country's research and development orgéairs. The improvement programme
could focus on a village (or preferably a grouitihges), on all the rabbitries in a province,
or on the whole country. Genetic improvement i®stly operation: the group needs to be big
enough to bear the cost and to mobilize the nepeskals.

Genetic improvement demands technical specializafibere should therefore be breeder-
selectors and breeder-users, perhaps with breedgléplers between the two. While the
pyramidal schemes used in Western Europe areeffian their special context, they are not
universally applicable. It is up to the individdalconceptualize networks tailored to the
sociospecifics of the country's breeders (althahgmetworks must be genetically efficient).
The selectors should also be excellent breedelgnmase of production systems, feed
resources, housing and other materials adaptértertvironment. Sophisticated selection
facilities should be avoided, as the objectiveisatch the best local systems. Health care
and sanitation, in particular, must be exemplary.
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TABLE 42 Adult live weight of four breeds in a Cuban cross-breeding experiment, 1969
to 1971

Weight of femalesWeight of males

Breed
(ka) (kg)
Semigiant White 4.05 3.95
Californian 4.05 3.87
New Zealand 3.80 3.90
Chinchilla 3.98 4.20

TABLE 43 Distribution of the effects of direct andmaternal heterosis in a series of
cross-breeding experiments in Egypt

Character Distribution of effects of heterogis
N* 10« 5 0= 5« 10 15 <0 p I B Average

Liter skze at 43 1 g 5 11 [+ 4 3 5 4
birth & 2 2 1 1 L)
Litter size ot 43 4 3 7 & 1| 5 2 7 7
weaning & 1 1 1 1 1 4
Littar welght ot 32 ] 1 5 6 L] 7 7 15
birthy 0

Litter weight 34 4 4 2 7 ) 4 4 3 5
at waoring 4 1 2 1 13
ndividual weight 35 4 5 & n 5 5 1
at five weeks 5 1 2 1 1 ¥
indiviclual welght 32 2 3 ? 7 19 3 2
at 12 5 1 1 1 1 i a
Four to 12 week 17 3 -3 1 2 ] 3 1
vicolity 2 ] 1 12

* N = number of estimates. For each character, the direct effects of heterogis are noted on the first line and the effects of
Souroe: Afifi arvd Khalil, 1992,

A selection unit must be effective on two levelsedding and production. The extra costs
entailed in the technical side of the selectionksirould be borne by the group of breeders
benefiting from the genetic improvement. The cdsesearch devoted to a genetic
improvement programme for the whole country shdaddshared by a larger group. There are
several conceivable types of organization. WitmEheassistance, Mexico experimented with
a pyramidal system (1976 to 1982) with a state+sugped national breeding station and
regional multiplication stations. Development agesadistributed breeding animals to
family-scale rabbitries.
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Research and development agencies should focudsstnthe real efficiency of selection
methods and creating new genetic material to imgrabbit production in the country; and
second, the best strategies for utilizing local ewdgenous animal populations, making breed
comparison studies, doing cross-breeding expersremd testing strains.

The object of selection is to upgrade performancerthancing an animal's genetic value
where husbandry and feeding techniques permit egjme of genetic value. In fact, breeding
and feeding techniques must be improved at the siameeas the genetic value. Selection and
crossbreeding should increase the annual outpudgeeand speed the growth rate for earlier
slaughter and better carcass and meat quality.

The definition of a selection trial design requibegh the choice of a method and the review
of its theoretical efficiency. The crossing is glementary benefit to intrapopulation
selection. But genetic progress from cross-breedimgt cumulative from one generation to
the next, as is progress from selection, exceptevbelection is used to improve crossing.
The following are examined below: selection methadsss-breeding strategies and
organizing genetic improvement.

Selection methods

Characters and criteria for selectioA major objective of selection is to improve annual
fecundity per doe. This global character dependherpreeder, the animal and the
environment. The breeder establishes the theoretipeoduction rate of the does. For
backyard rabbitries, it is assumed that weaningdgitace at 42 days, servicing at 24 days
after kindling, and the average conception ra@ipercent. This gives an average of six
litters per doe per year.

A culled doe is immediately replaced by a young axzely for mating. If the stock renewal
rate is 100 percent per year, the annual numbditest per doe will be roughly 5.5. If an
average six young per litter are weaned and 5é&hrskaughter or reproduction age, the
objective is then 30 rabbits per doe annually.

This modest goal is realistic for backyard rabbgmot based exclusively on pelleted feed. If
necessary, the weaning age can be extended byraglagsentation of the doe for servicing
beyond day 24. The theoretical reproduction ratebesastepped up if the goal is too easily
achieved or too modest in terms of the potentighefstock and environment. The doe could
be brought for servicing at day 17 after kindlindhawveaning at 35 or 42 days. This would
give an additional litter per doe, raising the aadrgoal to 35 rabbits per doe. A more
intensive breeding objective could produce 40 toFs) many countries, however, this would
not be a realistic goal.

Whatever reproduction rate is adopted, it is imgairto have fertile does which accept the
buck and can produce many large litters with gaodlkng-to-weaning survival rates. This
implies a whole range of characters: acceptantieeobuck, gestation, fertility, viability of
young, milk production and longevity. These chazextnd performances can be summed up
by the selection criterion: average number of wdgrex litter from the first three litters
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obtained within a predetermined period. Theredtae correlation between performance
during the first three litters and the doe's totatput. In practice, the following principle
could be followed:

e after the second litter, calculate the selectimtek of the doe based on the average young
weaned per litter;

e divide this index by the number of days betweenfitst kindling and the nth kindling (for
index forn litters). This gives an index of numerical produty;

e compare does with the same numbers of littersagthis index.

As weaning age is variable, the number of rabbéamwed can be calculated on litter size at 28
days so the doe's genetic value can be estimates naqaidly.

Chapter 9 describes an even simpler system of aipbseeding stock, which can be done
directly in the rabbitry.

The other group of characters for selection hatotwith weight gain. One selection criterion
is average daily weight gain from weaning to sldaghge, say at day 70. The difference
between individual weight at day 70 and individwaight at weaning is divided by the
number of days elapsed between these two datesd@aés to speed up postweaning growth.
There is no need to measure the quantity of feedwoed, except for experimental purposes
or to compare genetic types for selection for fetdzation.

It is not easy to measure the quantity of feedrpmaatter eaten by the animals, and when
they are given different feeds and local foragel feenversion efficiency is difficult to
calculate. Speeding up postweaning growth indiyaettiuces the amount of dry matter
needed for every kilogram of live-weight gain.

Slaughter yield, carcass quality (meat/bone rédit),and organoleptic qualities of meat are
complex characters to select for because they olyrbe measured in carefully controlled
slaughter conditions. Direct intrapopulation setatfor these characters would be unrealistic.
Breeders can check sample figures for these cleasafclr the population they are using and if
improvement is necessary crosses can be made wiks irom good meat breeds (described
earlier in this chapter).

Performance control and technical data managemetith stock being used for selection it
IS necessary to:

e identify each breeding animal individually;

e measure the breeding characters needed for gemetibreeding management of the stock;
e record these characters for later exploitation.
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All rabbits are identified at weaning when sepatdtem the dam by a numbered ear tag or a
number tattooed in the ear. This might be the daterth plus a day-of-year identity number.
Depending on the size of the group an individuahber might have four or five digits (up to
999 or 9 999 births a year) or even six if necgssamother number indicating genetic type
(breed or cross) could be added to the animal's cagl.

Troop management involves three types of record: cire, buck and litter. The buck and
doe cards identify the breeding animal, its numbate of birth and the number of its sire and
dam; next, the animal's cage, for easier identiboawithin the production system; then the
date and cull rate.

On doe cards (see Figure 45) record:

e servicing dates (day, month and year);

e identification number of servicing buck;

e result of pregnancy test by abdominal palpation;

e kindling date and litter: parity of doe, numbedigé and stillborn young (found living or
dead at first examination of nest after kindlingflaumber added or subtracted from litter 36
hours after kindling;

e weaning dates, number weaned per litter and welgtedweight;

On buck cards (see Figure 46) record:

e date of servicing;

e number of does serviced,

e outcome of abdominal palpation;

e number of live and stillborn young.

While the buck card repeats some of the doe cag] das very useful for following the
pregnancies and prolificacy of does mated to thakb

A litter card shows:

e litter birth date, number of dam and sire, weardate per litter and per individual

offspring;

e the young rabbit's number, weaning weight, andptieelaughter weighing date and weight.
A "remarks" column on each card allows the breéd@dd observations (e.g. animal's health).

These cards are designed for manual or computeegsng and are used for daily breeding
management, genetic management and, perhaps, regpéation.
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There are software programs for desktop computiishicollect this data on a daily basis
and edit the breeder's workplans (particularlynf@ting, palpations, kindling and weaning).
These can calculate the various balance sheete @nterprise.

Choosing a selection systefdaving chosen selection objectives and criteria,néxt thing
is to determine the selection system that will ntazé genetic progress. This is dependent on
three parameters: selection intensity, selectiecipion and the intergeneration gap.

Selection intensity depends on the percentagedofidtuals retained. Assume, for example,
that 100 rabbits are weighed and ten chosen talbiide rest are slaughtered and so the
percentage is equal to 10 percent.

Selection precision depends on the heritabilitthefcharacter, the number of measurements
and the degree of related-ness between the selectialidate and the rabbit measured. For
instance, in selecting for litter size, recordihg tata for the three first litters, not just thistf
makes for greater precision. In selecting for staegyield, on the other hand, precision
diminishes if the rabbits measured are five fraakhalf-siblings of the candidate and not five
full siblings.

The generation interval is the age of the parentiseabirth of their average progeny and it
increases if females are chosen after the thiet instead of after the first. There is a conflict
between trying to be more precise and trying taicedhe generation interval.

In the end, genetic progress depends on the addjénetic variance of the character, a
parameter assumed here to be constant.

There are four selection methods:

e mass or individual selection: measured on thecelecandidate;

e pedigree selection: measured on the candidatesstons (parents, grandparents, etc.);
e sibling selection: measuring the candidate'srsgsli(full and half-siblings, etc.);

e progeny selection: measuring the candidate's psogeung, etc.).

Table 44 illustrates the advantages and drawbdokaah method with respect to the three
parameters of genetic progress.

These four methods are complementary: pedigreetseigrovides an initial sifting of
selection candidates when the geneologies andrpafwes of the sire and dam are known.
This choice is not very exact however. Mass selads the simplest and most efficient
method and as such is the method of choice. Sikktertion is more complex, but is useful
for greater precision when the character selede@ ot easily heritable, such as litter size,
or when the candidate has to be slaughtered irr tudeeasure the character. Progeny
selection is not much in use for rabbits as it aerably increases the generation interval and
IS very expensive.
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Table 45 summarizes the findings of selection a@rpanmts on rabbits. It shows that selection
is an effective way of increasing litter size ammdtweaning growth rate, although there is
usually almost no progress in litter size. Sucedssflection depends on full control of rabbit
breeding, the collection and management of geneabdata and performance, and the
selection cycle.

TABLE 44 Four selection techniques compared for effctiveness

Mass selectionPedigree selectiorSibling selectionProgeny selection

Intensity Average High Average Low
Precision Average Low High to average High
Generation interval Average Low Average High

In practice, a synthesis of various theoreticadligtsi suggests the following recommendations.

To improve litter size, the selection criterioriiger size at birth or weaning, measured on the
first three litters. For greater precision withcutreasing the generation interval, the
performances of the candidate's full sisters aitfdsigters are taken into account. Renewal
with the progeny of the female's second or thitéiliis the next step. Rearing the rabbits in
separate generations, as described below, increakszsion efficiency but the rabbitry has to
be much bigger. It is pointless to attempt selectiithout the necessary resources.

For a better postweaning growth rate, the selectiderion should be the speed of growth
after weaning. This criterion can be measured dh bexes and heritability is average.
Simple mass selection is therefore the techniquéhoice. In order not to reduce the strain's
aptitude for reproduction, breeding animals aresehadn litters with at least one shared
character and at least four or five births.

A breeder who renews the herd on the basis ofé¢sedoes for litter size will choose the
young rabbits from the litters of these femalesallweigh the most at slaughter time. In any
case, unhealthy young rabbits are culled prioetection.

Renewal of pure-bred stock and mating programmidere there are different cases to
consider: first, a rabbitry practising combinedestibn based on litter size; second, mass
selection based on the same character for a seeabiber of breeding does in the strain
(200); and third, smaller groups.

Case 1Selection of a strain on the basis of litter sizgvaaning (INRA, Toulouse).

Combined selection, separate generatidrtee theoretical plan calls for raising the statk i
separate breeding groups, each group constitutggmnaration. In each generation 196 does
are bred with a batch of 42 males. Twenty-five patof these does are selected according to
the results of the first three litters, the theiaadtreproduction rate permitting a generation
interval of ten months. Each doe selected prodanesserage of four replacement female
offspring, so the group is made up of familiesudf §isters and paternal half-sisters.
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The mating programme is implemented in accordanttethe composition of the breeding
groups. Table 46 shows that the females of eatiheof4 families are distributed among 14
breeding groups with three males (one and tworgtes) and 14 females. One breeding
female is chosen at random per family from amoregli®6 does.

This mating programme means the genetic valueaf dae can be figured according to her
performance and those of related females (famigrage). The plan can also be implemented
with fewer than 14 families and 14 breeding gro(gg. 10, or a total of 100 breeding
females). The breeding groups system offers thetiped advantage of matching a production
lay out in which families are represented by mottegges. Here, the 14 doe cages and the
three buck cages are arranged side by side inirothe rabbitry.

TABLE 45 Findings of specific selection experimentsn rabbits

Authors Characters Genetic progress | Strain No. of
selected per generation size generations
ng;agc;ﬁﬁt)al. (1993 Litter size +0.05 3?21?:“(1 18
Baselgeet al.(1993) 24 M and
+0.10 120 F 11
Idem
+0.03 24 ) and 8
Mgheni and 20 M and
Christensen (1985) +0.35 40 F 4
Idem
-0.43 comand 4
Narayan, Rawat and 22 M and
Saxena (1985) Idem 0.05 110F 6
Rochambeaet al Individual o 12Mand
(1989) slaughter weight T 46 9and +2.4% o 8
Mgheni and o 20 M and
Christensen (1985) Idem * 75 gand +3.4% 20 F 4
108 gand-4.3% I";‘“d 4
Estanyet al.(1992) +27 gand 2.0% 15 M and 12
60 F
Idem 15 M and
0 an
+ 23 gand 1.6% 60 E 8

Note: M = males; F = females.
! Expressed in gross and percentage of average.
2 Selection to reduce value of characters selected.
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Rearing the generations separately has a numlagivahtages: the animals compared are the
same age and so it is easier to calculate selectitices and estimate genetic progress. It also
makes it easier to create a gap between the gemexdbr health purposes.

There are a number of drawbacks, however. If ferfeendity is too low it is impossible to
produce a new generation every two months. Optirsalof available cages is also
impossible and the occupation rate is low. Manebegs therefore prefer a system of
overlapping generations (Case 2), but the systeas demand a strict adherence to
management rules.

Case 2Selecting a strain for postweaning growth and fesatundity (IRTA, Barcelona,
Spain), mass selection and overlapping generatidhs.selected population includes six
breeding groups composed of 16 does and five bdcks Case 1, the males remain in their
breeding group and one sire is replaced by one affdpring. The females change group: the
daughter of a doe is never in the same group addrer

Selection is in two stages: first the does arexadedy postlitter weaning weight of their litter.
Only does in the first and second kindling categorg does in the bottom 20 percent leave
no progeny. Does with a negative index are culkedan as a replacement female is
available. All does are culled after the fifth kiimg, as are males over the age of 13 months.

In the second selection stage, future breedershargen from the progeny of the does selected
earlier. The final selection is for animals witle threatest daily weight gain between weaning
and sale. Twenty-five percent of the does and 1&epe of the bucks of the weaned
population of each lot are kept as replacementeaded.

TABLE 46 Formation of reproduction groups based orfamily origin

311 821 831 814.1
Familyl 911 912 €13 €114 811  Jd12 813
Family2 2.1 22 €23 ¥214 221 822 &823
Family3 ¥3.1 ¥32 ¥33 ¥3.14 831 832 &33

Family 14%214.1€14.2914.3%14.1¢ 8141 JS142 &14.3
Gl G2 G3 G14 Males usdgeplacement males
Source Matheron and Rouvier, 1977.

This set of rules governing the selection and iglbf breeding animals is designed to
maintain a population in demographic equilibriund &amcrease selection efficiency.
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Case3. Conservation of a numerically small stralhmay be useful to conserve strains or
populations that are few in number. Matheron andv@tet (1977) proposed an appropriate
management method (used to manage control strain &0NRA).

The strain is composed of 11 breeding groups withmale and four females. From one
generation to the next, each male leaves one madepy and each doe one female progeny.

The male of groupis the offspring of the male of the preceding generation. His dam is
chosen at random from females in the breeding grole four females making up groum
generatiom+1 are the daughters of four females who were, resdgtin groups-1, i-2, i-
3 andi-4 in generatiom. This method is illustrated in Figure 19.

Once the breeding animals for herd renewal have bleesen, a mating programme -is the
next step. Selection may be random, but mating é&evelose relatives such as full brothers-
sisters, half-brothers-half-sisters, mother-sofativer-daughter must be avoided. A practical
way to organize a servicing calendar is to assigeding animals to cages by breeding
groups, taking family origin into account (the féyrs the original breeding group). A
breeding group consists of two or three cagesre$sind 10 to 14 cages of dams, or
proportionately fewer if the colony is numericadimall.

Cross-breeding strategies
Three cross-breeding systems are:

Simple or two-breed crossingcemales of a local population, or breed A, willdoessed with
males of breed C to improve the growth and musaséselopment of young meat rabbits and
for a heterotic effect on the numerical producyivf does. Using this system the breeder can
cross the pure bre&dwith part of his/her stock (perhaps 20 percents#if-renewal of the
female stock. The other females will be terminaligssed with C males, which can be
obtained from another breeder. All the progenyhas tross are destined for the butcher.

FIGURE 19 Constitution of generatiom + 1groups, the progengf n generation breeding

groups
] IR 6O
SO0 ()
\ 3 \
1 n+1 1 1 1 1
T iz s M N1 N+ N+
G1J Gzl/ 30 G4D s J Gsl:l 70

Two-stage or three-breed crossifgreeding animals of two populatio(® andB) will be
crossed to get afB crossed female for terminal crossing with malekreedC. The first
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crossing might be between B males of a good breesife, fertility and maternal
performance with females of a lo@apopulation. Using this system the breeder mugtoel
breeders or multipliers for femakeB breeding animals ard sires, which demands careful
timing and organization.

The system can be elaborated by the usesfes which have themselves been crossed
according to a system widely used in poultry bregdi

Table 47 compares the performance of three puaestA, BandC, simple strainé\B, BC
andAC and double cross&x AB, Dx BCandD x AC. It shows substantial production
differences between the pure strains. Simple angssiproves overall performance. The best
of the pure strains is still competitive, howev@rossing a male of a fourth strain, strBin

with cross-bred femalesB, BCor AC further increases productivity. This is the most
productive yet most complex system.

Rotating and alternative cross-breedingsing several breeds and local populations for
improvement, such as A, B and C, the breeder cply #ipe following system:

male B x female A
male C i fernale BA
male A i fernale CEA
male B % female ACBA

D
O

The advantage of this system is that it offers ba&tferosis and nicking ability and breeders
can themselves produce their female replacemecit;spoly the male breeding animals need
to be acquired elsewhere. When this system is wgadnly two breeds it is called
alternative cross-breeding.

Systems one and three, in which breeders acquilebneeding animals for stock
improvement but can select females from their oabbitry, are well adapted to small-scale
production.

TABLE 47 A four-strain cross-breeding experiment
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Male  Female Litter  Pregnancy Annual Numberof Individual Individual Fecundity Numerical

sire dam size rate litters weaned weight weight index pro-
of of at %) per rabbitsper  atweaning  at 77 days ductivity
litter Litter weaning fermale female per yvear (g} {g) index
Hm Hm 49 73 7.4 8 472 1455 110 100
CA CA 5.4 56 6.9 28 562 2237 110 154
NZ NZ 6.6 63 73 a1 o029 2345 118 174
Hm CA 6.7 56 69 a6 567 1956 129 159
Hm  NZ 4.6 63 7.3 48 622 2035 137 175
Ca. Hm &.1 73 7.7 a7 398 1736 132 143
Ca NZ 6.7 63 7.3 42 633 23156 121 175
NZ Hm 5.5 73 7.7 42 4%0 1768 120 132
NZ CA 0.2 b 9 42 584 2269 120 171
BF PR.CA 592 73 7.7 46 572 2022 133 184
BF PR.NZ 692 76 7.8 54 542 2065 156 200
BF CA.Em 7.2 73 77 85 553 1988 157 195
BF CANZ 6.4 &6 &9 47 o0 2158 135 183
BF NZ.Hm 6.7 79 8.0 54 645 2186 153 205
BF NZ.CA 492 57 7.0 34 629 2220 100 140

Naote: Hm = Himalayan; CA = Californian; NZ = New Zezland White; BF = Fauve de Bourgogne.
Source: Vrillon et al,, 1979

Synthetic strainsMany countries have few or no local rabbit popolagi. Where they do
exist, they are often the descendants of randoronisplating back a few decades and
crossed with no overall strategy. This populaticaayrhave adapted somewhat to local
conditions, but its initial genetic potential whié rather limited. For such countries, the
creation of synthetic strains is an attractiveratiéive.

To create a synthetic strain, a male from straia @ated with a cross-bréB female to
produce an Fgeneration which is crossed ¥ F; to produce k followed by i and so on. A
synthetic strain can thus be constituted whichymjbe nicking ability of the twé andB
populations and half the initial heterosis. A swtit strain can also be established from a
variable number of strains or breeds: here thréalso two or four. The members of the F
generation are homogeneous but numerous genetimb@sations appear i, etc. These
recombinations reveal a new genetic variabilityahhtan be used to create a productive
strain adapted to local conditions. In theory,iewge that these recombinations appear fully,
one would have to abstain from breedingZogenerations, wheneis the number of strains
used. In these exampl2s = 8. The number of strains will obviously rarely excelrke or
four.

Parent animals from French, Italian or Spanishctiele programmes can be chosen as the
founder strains of these synthetic populationss Biwes initial strains with good potential
productivity and, through natural selection, tharais best adapted to local conditions. Two
or three synthetic strains of this type can betecka a given country, in addition to any
existing local strains. Cross-breeding experimeatsthen follow to compare these strains
and choose a cross-breeding strategy for production
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Organizing genetic improvement: selection plans

This section uses an example to explain the org#niz of the technical components
described throughout this chapter for a genetiacavgment plan. France will be used as a
case-study for the questions that need to be asked.

What is the initial situationTrance has a long tradition of rabbit meat pradacand
consumption. The breeders are organized into peydugroups and again into a national
federation, the FENALAP. Producers constitute amleih the chain with other groups
working in the field, particularly feed and equipmenanufacturers, breeders and
slaughterhouses. This is an organized market watindsird national rabbit meat grades. INRA
has collaborated for 30 years with thetitut technique de l'aviculture et des animaex d
basse-coufITAVI) building expertise and furthering rationabbit production. Technical,
economic and individual management systems canysdpfa on production performance.
France also has more than 40 pure rabbit breeglgrtdduct of the breeders' art.

What kind of rabbit farming®rench rabbit production is a rational system \eitteders
producing meat for sale to slaughterhouses. Thal&iheabbitry has 200 or more does, one
or more specialized rabbit houses with wire-megjesand an automatic drinking system.
Balanced pelleted feed is used. The breeder alg®improved breeding animals and follows
a hygiene and preventive health-care plan. Theofateproduction is intensive with mating

in the first 12 days after kindling and weanindaatr to five weeks. The rabbits are
slaughtered at a weight of 2.2 to 2.4 kg and masilg as whole carcasses.

What objectivesThe objectives are the rational outcome of thedomg. The ideal rabbits
are those adapted to rational production systemsa female weaning a large number of
fairly heavy young which reach commercial weighitguuickly and a male rabbit that
transmits good growth potential and carcass quedityis progeny. This simplified
presentation is con fined to the principal objestibut there are secondary objectives for
market diversification.

What kind of organizationPrance has chosen a pyramidal plan (Figure 2G)etate,
accumulate and disseminate genetic progress, nauichpultry production. Private
companies select strains that are cross-bred ttupeomeat rabbits. The "female” strains are
selected for fecundity; the "male" strains are el for postweaning growth and carcass
quality.

These private companies supervise multiplicatidwaeks which cross pure strains to
produce the cross-bred female and the terminakarade, the parents of the meat rabbit.

Meat producers buy these improved breeding anifalday, the "female"” strain
multiplication stage is often done in the productiabbitry. The breeder purchasesBhe
grandparent male and tkegrandparent female (Figure 21). Increasingly, oag-ald

breeding animals are being purchased to be fosbgreédes with good maternal performance.
These two techniques reduce the risk of transrgitiealth problems.
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The main drawbacks are the health risk and the etsoine organization. To obviate this risk,
FENALAP and the breeders voluntarily adhere toaten defining the rights and obligations
of each partner. The main provisions of this clranelude visits by a commission of experts
every two years to selection and multiplicatiorabBshments and the utilization of technical
and economic management by these enterprisesF&ENRALAP available to hear breeder
complaints.

Within this pyramidal scheme, breeders create aild bip genetic progress, which is then
disseminated to and used by producers. A planiektirt will not work unless the technical,
economic and scientific organization describeah iplace.

FIGURE 20 Pyramidal scheme for creating and disseraiing genetic progress in rabbits

Selection production Pure strains
Creation and aoccurnulation of Sreat-grandpoients (56P)
genehic progress
Multiplication production systems
Dissernination of génetic prograss Grendparants (GF)
Production rabbitries
Utilization of genetic progress Parentol (F)

A country or regional review of the problem

An initial hypothesis is that no approach can basposed without prior reflection. The
failures chalked up in recent years in various ¢toes, not just for rabbits, are an illustration
of this hypothesis. This review asks the followfogr questions:

What is the initial situation®s there a rabbit production and/or consumptiadition? Are
there rabbitries, local rabbit populations, impdnp@pulations? What are the techniques,
rabbit housing and equipment and materials usedtiyit producers? What is the potential of
existing populations? How should marketing be o Are there feed manufacturers,
buildings and equipment, slaughterhouses, breeahet seterinarians with a background in
rabbit production? Are there research, developraedtteaching organizations with an equal
background? What is the government position onitgdobduction? What role does it assign
the rabbit in animal production?

What type of rabbit breeding®hat is the breeder's objective: home consumpérport,
sale to the local market? How big a rabbitry? Wigé of housing, equipment, feed,
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breeding animals, health care? Which rate of reption? Weight and age at slaughter?
Organization and training for breeders?

Which selection objectiveThe answer is simple: a rabbit adapted to the @losonstraints.

Which organization®roup organization is preferable because it isenedficient. The
pyramidal scheme with private breeders is justsmietion among many, e.g. collectively
managed production units. There are other stratehet are less hierarchical, less rigid and
better adapted to local constraints. This questages a whole list of further questions: who
creates genetic progress? Is there a buildup adtgeprogress? Who disseminates it? What
about cross-breeding? Who finances the cost oftsateand dissemination? Who is
responsible for checking the health, adaptability production level of the animals
produced?

Conclusions

Domestic rabbits are not as widespread as the sgesies of domestic mammals that are
traditionally used to provide meat, milk, wool askdns. But rabbits are genetically very
flexible, which makes them adaptable and produdtiveewide range of production systems.

FIGURE 21 Use of different strains in a pyramidatkeme
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Research on rabbit breeding behaviour and produdévelopment started only recently -

less than 40 years ago - although formal genetsieareh has a longer history. For production
and selection this can be both an advantage aralxbdck. The advantage is that there is less
temptation for countries to import ready-made sohg without examining their own specific
problems. A relative drawback is that the newnédkis field of research calls for a new and
appropriate genetic improvement pattern for eagforeor country. The major constraint
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here is dependence on the environment and a catefly of the production environment is
essential.

The great genetic flexibility of the species atglshort life cycle are definite assets. This
flexibility is a function of a genetic variabilitwhich can be traced to the recent domestication
of the rabbit and the lack of intensive artifics@lection. This has made possible the rapid
emergence of breeds varying greatly in adult smkrauscle development (adult weight
varies at a ratio of 1:8). Doe prolificacy depebdsically on the breed. In breeds of
comparable mature size, average prolificacy idixelly independent of the environment.

This character can be turned to good account irdiohgchow to use local populations.

Various breeds and populations are available feeldping or modernizing production. A
minimum of environmental factors must be mastenest; for the rest the rabbit will simply
adjust to the physical and human constraints dfatsitat.

In most developing countries, highly intensive prciibn with complete control over

technical and environmental detail is preciselydpposite of what is needed. What is needed
are careful country profiles of the production @amiment (technical studies of local feed
resources and genetic and sociological studiesjraming for rabbit breeders. For genetic
improvement, the first step could be a study ofttteding performance of pure and crossed
local populations. Local populations are usuallyalen in size and less prolific and
appropriate crosses with local and imported bréadsetter productivity could be worked

out. Existing local populations should always bassyved and selected on an intrapopulation
basis so they can be used to improve productidimein own environment.
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Chapter 5
PATHOLOGY

Introduction

It would be inappropriate here to insert a treadiseabbit diseases. A disease cannot be
described without reference to medical data witlictvithe user of this book is in all
likelihood not familiar. In addition, the pathogerdgents of many rabbit diseases are known
and in some cases well described, but their presdoes not necessarily imply the existence
of a disease. Disease is almost always the reSptiay husbandry and environment coupled
with the onslaught of a pathogenic agent - micrebres or parasite.

This chapter therefore starts with a general dsounsof the pathology of the rabbit before it
goes into more detailed descriptions of the priaktiseases.

Appearance and development of diseases

The animal has multiple and interlinking defenaascountering attacks from the outside
environment. These can be classified arbitrarily lanefly as:

e non-specific defencewhich can be mobilized very rapidly or even ingliiafsuch as
adrenalin discharge), and which bring into playtla major body metabolisms (mobilization
of sugars and fats), and all the major functiohsdth circulation, breathing, etc.);

e specific defencegcluding immunity, which is how the organism rgo@es a hostile
foreign body (microbe, parasite, virus, proteinfl sometimes, though not always, eliminates
it.

The body does not have an infinite capacity for-specific or specific defence. So the
producer's main job is to rear the animal in coadg where it does not have to engage in a
permanent struggle for survival.

When it does, the physiologically exhausted anievaintually can no longer defend itself and
disease will break out -which disease will dependh® climate, the environment and the
type of rabbitry. Not all animal species are equaénsitive to the same kinds of attack. The
major known environmental conditions that are uataable to rabbit health are described
later in this chapter.

The influence of germplasm is unquestionably oeeneht in resistance or vulnerability to
disease. In terms of species evolution, howeverrdbbit was introduced outside the
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Mediterranean basin only fairly recently, and newdpean progenitors have constantly been
reintroduced. The concept of "local breed" needsetoiewed with some circumspection.

The environment

The environment is everything that surrounds thmah its habitat, its congeners, its solid
and liquid feed, microbial contamination, temperafair and noise. The concept of
environment can be extended to the farm, villaggion and even the country. How far the
environment extends is no longer an abstract caveleen the number of animals per square
metre, hectare or square kilometre grows withquarallel upgrading of hygiene and health
standards. An infinity of examples for every sps@éplant and animal shows that the larger
a population grows, the more it becomes imperdhaérules of hygiene be respected.

A point that agricultural officials have all tooteh ignored is that this basic notion is as true
at the production-unit level as it is at the vidagegion or country level. In traditional French
rabbitries, for example, pasteurellosis was onlethal respiratory disease that could
decimate the rabbit population of a whole villagéhm a few weeks. Today, the drop in the
numbers of these traditional units has led to &ethreduction in the epizootic and lethal
properties of this disease.

Myxomatosis decimated the rabbit population in \WWesEurope in a few months, not only
because the virus had been introduced but maiguse the environment as a whole was
favourable; the main factor was the overpopulatibwild and domestic rabbits in France at
that time. An increase in the number of large ratds, combined with expanded trading in
France, Spain and ltaly, fostered the appearantsiarultaneous spread throughout these
three countries of three hitherto sporadic diseasgsnatomycosis, staphylococcis and
colibacilli O103.

Microbial contamination

Microflora is also a component of the environm@ifiis chapter devotes special attention to
microbial contaminations because they are a megevjtable form of attack in all rabbitries.

Microbial contamination refers to the pollutingaif, objects and soil by bacteria, parasites,
viruses or fungi. Most often, these microscopicamigms are not intrinsically pathogenic.
They become pathogenic when pollution reacheslg bantinuous threshold. Ambient
microflora is present from the start of productiora unit and inevitably expands as time
goes by. One of the breeder's basic tasks is ¥othlig inevitable increase as much as
possible. This is done by respecting the rulesygfdne and by limiting stock to the number
of animals that can be maintained and nourishepgohp A small, properly run rabbitry is
more productive in the long term than a large dra¢ is poorly run. It is also less of a menace
to neighbouring rabbitries.

Farmers everywhere know how important and benéfailw periods and crop rotation are

for the soil they till. One reason these methodssarbeneficial is that they reduce local
microbial infections specific to each crop. Plamdes, like animal species, are each
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surrounded by their own microbial environment. Natt@er how capable a breeder is, the day
will come when the rabbitry will have to be clegrédtbroughly cleaned and disinfected in
order to lower ambient microbial contamination teade level.

Rabbitry management

Management (husbandry) is also part of the prodoainit environment, but the impact of
management on disease is often forgotten. The wesdbng and husbandry methods have
evolved in different countries shows that any mdtban have both positive and negative
consequences. Age at weaning is undoubtedly théimpsrtant variable. Weaning at 28
days does limit or even eliminate the transmissiocertain disease agents, such as
PasteurellaandEscherichia coliput stopping the mother's milk somewhat curtdués t
passive immunity of young rabbits and unquestionébtoursk. coli. Weaning much later
wears out the dams. Intensified production hastede breeders to opt for a highly
accelerated mating calendar (mating following kimglithe same day) or for moving the
females very often. These choices mean a shdiedpli breeding females. Raising rabbits in
groups, as is done in the big European producertdes, considerably modifies rabbit
pathology.

Breeders need to remind themselves, in decidingtbawanage their stock, that the
theoretical advantages they see may be accomplayiddease repercussions. As for
pathologists, they will need to consider the praducmethods and not simply the disease
agents and symptoms they have identified. Healta4cderventions are contingent upon
knowledge of these methods.

Conclusion

It would be wrong to think that the following sexts will do more than elaborate on the
foregoing, for the heart of the matter has alrdaelyn discussed. The producer's best ally for
healthy rabbits is the animals' own capacity todaaff disease. An organism's defence
against outside attacks is basically a global, sypecific response which is fundamentally
dependent on good hygiene standards in the rabbitey rules of hygiene are easier to apply
and to respect in small rabbitries with simple pquent that is easy to maintain. Daily
preventive cleaning will keep the contamination potlution levels down and make the
rabbitry viable and productive for a longer periBdeventive hygiene is the key to a clean,
well-run rabbitry in which the producer can morgeefively control any disease which might
break out.

Intestinal diseases

This chapter will deal with disease not as a fuorctof the pathogenic agents specific to the
rabbit, but as a function of syndromes or combaretiof disease manifestations which share
common or closely related symptoms and are impbitia@conomic terms. Unquestionably,
intestinal diseases are most costly to rabbit meeand the major obstacle to expanded rabbit
production. Diarrhoea is a serious economic thgganarily in young weaned rabbits (four to
10 weeks). It is rare before weaning and can incasg easily be prevented by elementary
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sanitary and feeding hygiene. It should be notatldrarrhoea appears later in young rabbits
than in other young domes tic mammals such astpjgtalves, lambs or even young hares.
Among these species diarrhoea strikes in the westydays after birth. The fact that young
rabbits do not suffer from neonatal diarrhoea abpbly due to their being born hairless and
blind, and thus confined for weeks to their nestieltered from outside attacks. Diarrhoea is
also rare among adult rabbits. It is usually tin@lfitonsequence of some other ailment.

The first point to make clear is that the rabls#action to disease, whatever the nature of the
attack, takes the form of intestinal disturbandeiciv nearly always expresses itself as
diarrhoea. This response can be traced to seeatalres peculiar to the rabbit.

The first has to do wish a rabbit's mental reastidine rabbit is an excitable animal. Its
relatively recent domestication has undoubtedlyyebiconditioned it to adjust its alarm
reactions (discharge of adrenalin) according togtia@ity of the attack.

The second peculiarity is the complexity of thehiéib intestinal physiology. Caecotrophy is
one manifestation of this. The hormone reactionggung the alarm reaction directly affect
the nervous system of the intestine, halting owslg peristalsis, which slows the passage of
food through the intestine and halts caecotrophy.

A third feature of the rabbit's post-attack reausics the alkalinization of the contents of the
caecum. The increased pH is linked with the slopaskage of food which modifies the
intestinal environment, particularly the flogscherichia coliusually few in the healthy
rabbit, become dominant. The fact that the sotepehre no longer ingested also helps to
modify the intestinal milieu, particularly the vtla fatty acid balance.

The last peculiar feature of the rabbit is thatdppearance of clinical symptoms is delayed
after an attack. In animal species that seem t@ebgexcitable (pigs, horses) the symptoms
appear most often within a few hours (ulcer, calieyrhoea). In the rabbit, an ordinary
change of habitat, a scare or a journey have ncettite consequences. Diarrhoea appears
only some five to seven days afterwards.

General symptoms of digestive problems

The symptomatology of rabbit enteritis is relatiwsimple and constant and rarely permits an
aetiological diagnosis of the disease. The firghsj scarcely noticed by the breeder, last one
to three days, and take the form of a decreaseeiah ihtake (especially solid feed) and in
growth. Next, diarrhoea appears, sometimes predegledmplete constipation or production
of soft pellets which are not eaten.

Diarrhoea is moderate, consisting of a small gixaofifairly liquid faeces which soil the
animal's hindquarters. Death can occur at thisestegmetimes even before the appearance of
diarrhoea. Skin dehydration also appears at thms.ti

Two or three days later the acute phase of thesfirstarts. It involves an almost total stop in
both solid and liquid intake, extensive diarrhoad high mortality; grinding of the teeth is a
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symptom of severe intestinal pain. Death followtera$everal hours of agitated coma with
spasmodic twitching. If the animal survives a fidly in coma it may recover fully within a
few days.

Recovery is in fact remarkably swift. Diarrhoeaeofgives way to constipation. The pellets
are small, hard and malformed. In a rabbit twchoe¢ months old, the constipation phase is
often the only symptom. Physiologically, howevearthoea will have occurred and can be
perceived by palpating the abdomen: during theeaghase the breeder can feel that the
caecum contents are liquid.

A post-mortem examination shows lesions, usuallpial. During the acute phase the
intestinal contents are very liquid, sometimesal®gred. The caecum often fills with gas
and contains little food matter.

The intestine is sometimes congested or bruiseel Wwidlls of the caecum are most striking,
congested and streaked with red, like brush stroies colon may be filled with a
translucent jelly. There will usually be no fibiimthe abdominal cavity, an indication of the
acute stage of this disease.

Causes

Non-specific causedt has been seen that very different factors caiseautbreaks of
diarrhoea. Rabbits seem to react negatively tospart, especially during the postweaning
period; being put in a new hutch or cage; the presef unusual visitors (people or animals);
and sounds not identifiable by the animal andngsfor hours or days, such as work in
progress near the rabbitry.

Feeding is unquestionably a prime factor in theuo@nce of diarrhoea. Not enough crude
fibre, too much protein and meal which has beerfitedy ground are all unfavourable. Also
to be remembered is the fact that the rabbit régsiliss intake according to the energy in the
feed. Too much energy in the feed can lower thekmtoo far and vice versa. These are all
factors which can favour the onset of intestinalgbems. Feed changes are all too often
blamed for diarrhoea. Even when feed is the obveawse, more often the problem is the
composition of the feed rather than the changé.itSa the other hand, when the animals do
not always have good feed available, at least #iig timetable of feeding should be
respected. There have been many instances of oeatlepidemics"” in rabbitries where a
change in timetable was the suspected culprit. iElegsily explained by the rabbit's complex
intestinal physiology (caecotrophy).

Improper watering is very common in farm rabbitrikss probably one of the major causes
of mucoid enteritis. Rabbits must have clean watailable at all times.

It is worth repeating here that the nonspecificsesufavouring the appearance of diarrhoea

can be defined as anything which forces the animgpend too much time defending itself
against its surroundings.
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Specific causesTheoretically, these include any cause which, @latiows the disease to
manifest itself. In fact, the state of health imast always the main factor.

Chemical agentsAdministration of some antibiotics invariably pakes diarrhoea:

ampicillin, lyncomycin and clyndamycin. Antibiotishould always be used very sparingly
with rabbits, especially penicillin. It also seethat drinking-water with a high nitrate content
causes the chronic diarrhoea observed in some.areas

Mouldy feedpellets, domestic waste, bread, vegetable peatsyery quickly cause
diarrhoea even in a healthy rabbit.

Viruses and bacterialhere has been little work on enteropathogenibitaliruses but they

are known to exist. It is very likely, however, tlas with most other animal species the
condition of the animal itself is a decisive fadtothe occurrence of viral diarrhoea. The
presence of rotaviruses is a good example of tipeiitant role of management. These viruses
appear in group rearing (all animals in the ragbiging the same age), with weaning at 35
days (suppression of passive immunity) and afteatiimals have been grouped (stress) at 42
days.

Much the same is true of bacteria. Salmonellaam@y isolated in sick rabbits but this is not
true ofCorynebacteria, Clostridium, Pasteurebad, especiallyischerichia coliApart from
someClostridiumspecies and a few serotypegofcoli, healthy rabbits carrying these
bacteria do not contract the relevant disease. ileless they must be regarded as specific
pathogenic agents even if they express their pathiogy only in a random manner. For
example:

e the most pathogenic among thé@lostridium,certain serotypes &. coli) can, above a
certain pollution threshold in the rabbitry, be theect cause of diarrhoea and its persistence;

e very often, if not always, they constitute a setamy complication of enteritis which,
although not serious at the outset, does beconmisaand then lethal;

e with bothClostridiumandE. coli, pathogenicity depends in part on toxins whichabpi
provoke irreversible and incurable lesions.

Intestinal parasitesAll the major parasite families are found in rabbtrematodes (flukes),
cestodes (tapeworms), nematodes (intestinal waanprotozoa (coccidia). Coccidia are the
major specific agents of diarrhoea in the rabhitview of their importance the following
section is concerned solely with them. The otheagiic diseases will be dealt with as a
whole after coccidiosis and bacterial enteritis.

Coccidia and coccidiosis
Coccidia Coccidia are protozoa, the most primitive phylunthe animal kingdom. They are

sporozoa, i.e. parasites with no cilia and no flagevhich reproduce both sexually and
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asexually. A large number of families are represgnthe Eimeriidae family is typified by
the independent development of male and female ggme

Almost all coccidia belong to the genisneria -they include four sporocysts containing two
sporozoites. Typically they form oocysts, a paesiechanism for dispersal and defence in
an external environment.

The coccidia cycle. Eimeriare monoxenous and have very high host specifi€hg rabbit
therefore cannot be infested by the coccidia oéioémimal species, nor can they be infested
by rabbit coccidiaEimeriadevelop in the epithelial cells of the digestivepaiatus (intestine,
liver). Eggs (oocysts) are found in the intestind &aeces. After maturing (sporulation), the
oocysts contain eight "embryos" (sporozoites).

TheEimeriacycle includes two distinct phases:

¢ an internal phase (schizogony + gamogony) in wthehparasite multiplies and the oocysts
are eliminated in the faeces;

e an external phase (sporogony) during which the/stdzecomes able to infest if it finds
favourable conditions of humidity, heat and oxygema

The internal part of the cycle begins with ingestad the sporulated oocyst and the excretion
of the sporozoites. The parasite then multipliéss Thay entail one, two or more
schizogonies (asexual reproduction) accordingecspiecie$E. mediatwo schizogoniest.
irresidua, three or four schizogonies). It can take placéifferent parts of the digestive
system(E. stiedaiin the liver;E. magnan the small intestineE. flavescene the caecum).
The final schizogony leads to the formation of gtese

The next step, gamogony (sexual reproduction), enttee formation of oocysts that are
excreted with the faeces; the total duration ofitivernal phase of the cycle also varies with
the species (e.g. Btiedai,14 daysE. perforansfour days).

The external part of the cycle (sporogony) is tygpifby the extraordinary resistance of the
oocysts to the outside environment. Their resiggdochemical agents is particularly striking.
In the right conditions of humidity, heat and oxggé&on the oocysts become able to infest.
They sporulate. Hatching time varies: at 26ECstiedaitakes three days arkd perforans

one day.

Coudert (1981) in France and many others haveexdudlis part of the cycle, as the oocyst is
the agent to be destroyed. In practice, oocysstasie is hard to overcome, particularly in
disinfecting rabbitries. Chemical disinfection @iftless as oocysts can only be destroyed by
heating and drying.

Species. Aeast 11 coccidia species are rabbit parasites.idasts the liver, the other ten
the intestine.
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e Eimeria stiedaithe liver coccidiosis, causes no economic logs&sirope except at the
slaughterhouse. It is relatively easy to elimirthie parasitosis by a few weeks of very strict
health and hygiene measures and preventive medisifar- to six-week treatment with
conventional anticoccidia products (Decox, Pancoiimmosulfathia-zole) in the feed at
preventive doses virtually eliminates the diseaselimates less clement than Europe's and
in countries where it is not so easy to get thibtrgedicines, liver coccidiosis can have more
serious consequences. As the liver is an orgam basivery process involving homeostasis,
chronic liver attacks cannot fail to diminish th@raal's resistance capacity.

Intestinal coccidia can be classified in four catégs (Table 48):

e Eimeria coecicolandE. exiguaare apathogenic. No clinical sign is detectabknewith an
inoculum containing several million oocysts.

e E. perforans isrery slightly pathogenic. Alone, it never causiesrtioea or mortality.
Massive infestations (2®ocysts) are needed before there is a slight andhrief decrease
in growth.

e E. irresidua, E. magna, E. medadE. piriformis are pathogenic species that cause
diarrhoea and growth retardation of as much a® PR tpercent of live weight for infestations
with between 0.5 and 1 x 160cysts. When they occur alone these coccidiaarasually
lethal, even in a relatively heavy infestation.

e E. intestinalisandE. flavescensre the most pathogenic coccidia. They causehdiaar and
mortality, even at very low dose rates (upwards@foocysts).

TABLE 48 Comparative pathogenic strengths of diffeent intestinal coccidia of the
rabbit

Pathogenicity Eimeria Symptoms
Non-pathogenic or slightly E. coecicola No sign of disease or slight drop in
pathogenic DWG

E. exigua

E. perforans No diarrhoea

E. vejdovskyi
Pathogenic E. media Drop in DWG

E. magna

E. irresidua Diarrhoea

E. piriformis Little or no mortality
Very pathogenic E. Severe drop in DWG

intestinalis

E. flavescensConsiderable diarrhoea
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High mortality
Note: DWG = daily live-weight gain.

Observations

Pathogenic effect has been judged here solely®bdkis of retarded growth and mortality.
But it must not be forgotten that coccidiosis, l&ediseases, can have certain after-effects on
the kidneys or liver in particular, which in turave repercussions on fattening status at
slaughter or on the animal's future if it is tokept as a breeding animal.

Often one disease is also complicated by otheadese In fact, the above results were
obtained with rabbits reared under especially faable conditions, which means there were
practically no bacterial side-infections. It is tkotown, for example, whether in an
unfavourable environment coccidia of the secondigi&. media,etc.) might not have a
more severe impact.

Lesions.There are two kinds of lesions: macroscopic astblugical.

e Macroscopic Every coccidium has a preferential place to dgve@lbere it causes a reaction
of the intestinal epithelium varying in visibiligccording to the bacterial species. The
duodenum and the jejunum are parasitize&lperforans, E. mediandE. irresidua. The

latter species is the only one which, at high catre¢gions, causes macroscopic lesions visible
at autopsyE. magnaE. vejdovskyandE. intestinalismultiply in the ileumE. intestinalis
causes the most spectacular macroscopic lesioeslétim becomes bruised and whitens;
segmentation appears very clearly, especiallyemptirt nearest the caecum. The appearance
of the lesions is the same with high concentratais magna.The caecum is the domain of
E. flavescenswhich at medium dose levels produces lesions ercdton. The caecum wall
thickens and changes appearance according to whh#re is microbial infection or not. It
may look whitish in heavy infestations with no cdiog@tions, but very frequently reddish
striations, necrotic plaques or generalized congestppear. The most constant factor is the
emptiness of the caecum. Lesions can be causeeé toton byE. flavescensand above all

by E. piriformis, the only rabbit coccidium capable of causing emtéiagia in thd-usus coli

at medium dose levels (30 000 to 50 000 oocysts).

e Histological. There are two points to stress here: lesions, imaitroscopic and histological,
are relatively short-lived. They appear towardsdighth or ninth day and disappear by the
12th or 13th day, despite their sometimes spedaappearance=( intestinalis, E.
flavescengindE. piriformis). Histologically, hypertrophy can only be observedhe

epithelial cells of the intestine. Cell structueemains intact. Moreover, the number of cells
parasitized is extremely low in proportion to thenber of cells of the epithelium, but all the
cells, whether parasitized or not, look the samdy @ few cell clusters deep in the crypts of
Lieberkihn will be destroyed.
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Coccidiosis Coccidia are specific pathogenic agents. Whenuladed into rabbits pathogenic
coccidia cause the same lesions and the same sy pdiarrhoea, loss of weight, death) in
all the animals tested.

Clinical signs.Most of these are not specific to intestinal cdmsis. The main symptoms
are: diarrhoea, weight loss, low intake of feed amater, contagion and death.

The clinical evolution of an intestinal coccidiogsllustrated in Figure 22.

Depending on the coccidia species, diarrhoea apjetween the fourth and the sixth day
after infestation. The peak is from the eighthh®e tenth day. It then declines in three or four
days. Diarrhoea is the first visible symptom, tbgetwith cutaneous dehydration, clinically
demonstrated by the persistence of skin folds.

Weight gain and feed intake evolve in a sequenaefdithfully follows the evolution of the
diarrhoea. For two or three days growth and fetakanare low. Between the seventh and
tenth day after infestation there is weight lo&shpps as much as 20 percent of live weight in
two or three days. Recovery is equally rapid. Tveels after inoculation the animals may
resume their initial growth.

Mortality occurs during a relatively short peridtiree or four days), starting abruptly on the
ninth day after infestation.

The intensity of these general symptoms naturalyeg according to theimeriaspecies
involved (see above), the degree of infestationtaadanimal’s general condition. Identical
effects can be obtained by using different doselewf different species &imeria.

Few data are available on simultaneous infestatioutsthere appears to be no synergistic
action among the various species except ®witpiriformis, which seems to augment
considerably the pathogenicity of other speciess Ehrather easily explained by its locus of
implantation and the fundamental role of the cqkee physio-pathology, below).

It is common for bacterial flora to develop at #zeme time as coccidiosis, complicating and
aggravating the symptoms of the disease.

If there has been no contact with coccidia (non-tmerabbits), then age is not a major
factor in susceptibility in rabbits. The diseasbrigfer in animals 10 to 11 weeks old and
diarrhoea less severe, but weight loss and mortailé often more pronounced than in
younger rabbits. However, the early contact doederaelative immunity.

Physiopathology of diarrhoea of coccidian origifhe main symptom of intestinal disease in
young rabbits is diarrhoea. Rabbit enteritis follegvcocciodiosis has been studied with
reference to calves and human infants, in whomoépis of diarrhoea are essentially linked
with hydromineral perturbations. In calves and mi$adiarrhoea seems to be dominated by
three main phenomena. There is, of course, coraditieloss of faecal matter. The usual
impact on the metabolism is extracellular dehydraind metabolic acidosis. Rabbits
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suffering from diarrhoea, like calves and infatstainly have more watery faeces, but sick
animals produce a smaller quantity of faeces tleaitly ones. Calves and infants urinate
little or not at all with diarrhoea and there igheconcentration associated with extracellular
dehydration. In young rabbits, diuresis is notraleduring diarrhoea and there is
haemaodilution. The distribution of water in the @angsm is unmodified except that the skin is
heavily dehydrated. Blood pH is normal. The mostkad modification of the blood plasma

is severe hypokalemia.

FIGURE 22 The clinical evolution of coccidiosis

Weight gain (g/day)

Confrol annols

The pathogenesis of diarrhoea in the young rabbg aippears to differ from the more
conventional diarrhoea of the calf or infant, the& prime mover at the intestinal level seems
to be common to all. In diarrhoea of calves duk.tooli, for example, the small intestine
secretes water and minerals, especially sodiungiwhill be lost by the animals.

In the young rabbit there is also a lack of regbison - indeed an actual secretion -of sodium
and water in the loci where the parasites multiplglike calves, however, rabbits can
compensate for these disturbances in the distahad, most important, they can initiate an
Na-K exchange which limits sodium losses to a murmPotassium losses are replaced from
body reserves. These parameters evolve at thetsamas the symptoms described earlier.
Peak intensity of symptoms occurs at about théntday after infestation. Certain elements
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are generally described as constants in rabbitigatéengthening of the retention time of the
ingesta in the intestine, high levels of coliba@hd intestinal pH tending towards basicity.

This suggests that the basic phenomena of the gattlesis of diarrhoea are independent of
the aetiology (infectious agents or non-specifieses) and that the diarrhoea syndrome is a
complex process. It may lead to a single responsedyeral elements are involved -
digestion, flora, motility, absorption and secratio

It could, likewise, be tempting to attribute thersimes spectacular lesions to the
pathogenicity of the coccidia. But this would owvetk the fact that these modifications in
hydromineral metabolism and pH are delayed maifiests of an attack that took place days
before.

Coccidiosis and field conditionéll production units are parasitized, usually leyeral
species of coccidia. Investigations show that ¢&astl pathogenic species are the most
numerougEimeria perforans, E. media). E. magisaalso very common and of ten found in
great number<. intestinalis, E. flavescemsndE. Irresiduaare less common. This is a good
thing, because their mere presence is a real méodle rabbitry. Epiriformis is rare in
Europe and. intestinalishas not been identified in Benin.

It must not be forgotten that a single pellet frarealthy rabbit raised in a sound, clean
rabbitry usually contains enough coccidia to caliagrhoea if the same number were
inoculated into the animal. Yet not all rabbits tant clinical coccidiosis. It almost always
depends on conditions in the rabbitry. If condii@me good only a few animals will die of
diarrhoea. If conditions are bad there will be eoaic mortality rate of 10 to 15 percent.
Indeed, this is the usual situation.

Whether the environment is good or bad, any stassset off coccidiosis, whatever the
animal's age. It is curious to note that diarrhsteikes not only young, newly weaned rabbits,
but also older animals which have been in contdttt thie parasites for several weeks.
Naturally acquired specific immunity is always vevgak.

The outbreak of coccidiosis, the progress of wiscsummarized in Figure 23, can therefore
be attributed mostly to stress.

Non-specific stress occurring singly cannot cauagltbea in a rabbitry where sanitary
standards and physiological comfort are good. tths@n environment the animal is able to
marshal fully its nonspecific defence potential. tBa other hand, a simple change of feed in
a rabbitry with a poor environment is enough toadetliarrhoea. The mere fact of raising
five or six rabbits together in a cage one-thirdaiguare metre in a room with 100 or 1 000
other cages acts as a sort of sounding board ttifgralbthese phenomena.

Finally, non-specific factors cannot be discussé@daut mentioning their intensity - five
minutes of transport does not constitute the sammuat of stress as does four hours. These
upsets are the root cause of outbreaks and itydater, in most cases, that specific disease
agents intervene (viruses, bacteria, coccidia)hEBgent, merely by its permanent presence at
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low or average level, can also help undermine dbbit's defence mechanisms without there
necessarily being any permanent clinical disease.

The same is true of the other specific chronicalies such as respiratory ailments and
myxomatosis which by the very process of sappiegotiyanism's defence capacities will
become the indirect agents of outbreaks of cocsisliand diarrhoea. Cases of primary
coccidiosis are therefore probably rare. They aarertheless occur, in particular when
animals which are carriers of pathogenic speciesraroduced to the rabbitry.

Diagnosis.Coccidiosis is often extremely difficult to diags® It can only be done in the
laboratory, by counting coccidia per gram of exaeatrand examining the viscera. Counts
must be made on several animals for several daysng to diagnose coccidiosis properly.
The specific coccidia species and their pathogeaoiential also need to be identified.
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FIGURE 23 Development of coccidiosis
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For coproscopic investigations, examination of eteseveral days old taken from under a
cage where there are several animals is prefetalaled far more reliable than a caecum
contents examination. At any given moment (deatslaurghter of the animal) there may be:

¢ No trace of coccidia and coccidiosis: this istbeuncommon case in animals that die
before the completion of the coccidial cycle;
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e few coccidia and little coccidiosis: as above hwitortality occurring a little later. This
happens mainly with very pathogenic coccidia whithrapidly (E. intestinalis, E.
flavescenseven at low concentrations;

e many coccidia and no clinical coccidiosis in tlase of infestations with not very
pathogenic coccidigE coecicola, E. perforans, E. medidihe multiplication of the parasite
will none the less be a negative factor.

Despite these difficulties it can be stated catiegdly that the presence & intestinalis, E.
flavescensnd everk. irresiduaor E. piriformisis a serious circumstance and, for the first
two, a definite menace. A post-mortem examinatsoofien disappointing. The typical
coccidiosis lesions appear only with massive irfigss and persist for only two or three
days. The presence of whitish spots on the intessian indication, but not a proof, of
coccidiosis. In any case, it is recommended thatudopsy be carried out on all dead animals.
A combination of observed factors, even if observastily, is far preferable to an isolated
finding.

Liver coccidiosis, on the contrary, is very easyliimgnose. The presence of small whitish-
yellow patches or small nodules on the surfaceside the liver is typical of this disease. But
only massive coccidiosis, which sometimes provapestacular liver hypertrophy and
considerable weight loss, can account for mortality

Prognosis. Acoccidiosis prognosis will not be of much use sslthe expert also diagnoses
why there has been an outbreak. All rabbits areid@ccarriers so it cannot be attributed to
the parasites alone (they were already present)}di@ons in the rabbitry and the animals'
resistance being such as to produce a multiplicatfcimeria, the environment must also be
examined and treated. This is why the prognosite quite bleak.

Control. Treatment is often disappointing and always expen3here are basically two
reasons for this:

e medical treatment is not really appropriate untesscause of the disease is known. In the
rabbit, the disease most often begins through &uowtion of several non-specific factors.
The environment thus needs to be dealt with first;

e anticoccidiosis treatment is feasible for animbl have been infected for only a few days
(five or six), but it is not effective otherwisevé&n after successful treatment it should be
realized that mortality and diarrhoea will contiringhe rabbitry for a few more days. The
most disappointing thing is that an improvementingsone or two weeks is often followed

by a relapse. It must be understood that a few dagigarrhoea in a rabbitry breeds thousands
of millions of coccidia, only a few hundred of th@st pathogenic of which are enough to kill
an individual rabbit.

Sulpha drug treatmenThe most common drugs are nitrofurans and sulpingsd The former
have been used non-stop for nearly 30 years in fdd@d may be one reason why present-day
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coccidia control is so ineffective. Nonetheless, blacterio-static activity of these drugs
probably favours recovery or avoids problems. Bifu(50 percent furazolidane, 50 percent
furoxone) at rates of 200 mg/kg of feed is now uselg as a preventive measure.

Sulpha drugs are most effective in treatment, mgirevention. Sulfadimethoxine is the most
effective sulpha drug and the one best toleratedunging or pregnant does:

e curative dose: 0.5 to 0.7 g/litre drinking-water;
e preventive dose: 0.25 g/litre drinking-water.

The bacteriostatic activity of this drug, espegialh pasteurellosis, makes it one of the best
rabbit medicines. It should not be overused.

Sulfaquinoxaline is commonly used, but at highesedo

e curative dose: 1 g/litre drinking-water;
e preventive dose: 0.50 g/litre drinking-water.

Sulfadimerazine, at 2 g/litre, is less effective.

These sulpha drugs can be boosted by antifolichy asl pyrimethamine or diaveridine, which
allows the dose to be reduced considerably, bstiticieases their toxicity, especially for
pregnant does. The use of sulpha drugs for pregimas must be systematically avoided.

Formosulfathiazole is another excellent coccidibstdrug at rates of 0.5 to 0.8 g/kg of feed
as a curative measure, or 0.3 to 0.5 g/kg as aptere measure. Unfortunately it is not
water-soluble.

Curative treatments should always be applied tgrallving animals for four or five
consecutive days followed by a therapeutic regtafiment is then resumed for a further four
or five days. If the medicine is given in the diimdgrwater care must be taken that the water is
constantly clear. Where animals are fed wateryg®ersuch as roots and greens, these should
be replaced by dry feeds or the animals will natldenough water. Drug concentrations as
generally indicated correspond roughly to a watake of 100 to 150 g water per kg of live
weight. When water intake exceeds this normal quyafmursing does, very hot weather) the
drug should be further diluted. Stepping up theceotration is not really possible - the rabbit
would then probably refuse to drink the water.

Treatment with antibioticAntibiotics do not cure coccidiosis. They may, lewer, be used

in cases of persistent diarrhoea or to preventrskany bacterial complications. The most
common antibiotics used for rabbits are neomycih (0 0.4 kg/litre of drinking-water),
colimycin (3 to 4.18IU/litre) and the tetracycline group (0.2 to 0.8tgg). Once treatment
with antibiotics is started it must be continuedtfoee or four days at steady doses if it is to
have any chance of being effective.
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Antibiotics must be used cautiously in treatinghiéd Some that basically act on gram-
positive flora are toxic to rabbits (ampicillindgomycin, clyndamycin), while others should
not be administered orally (chloramphenicol, pdlcierythromycin, tylosin). With the
possible exception of neomycin and the tetracyslim@tibiotics always entail the risk of
digestive troubles.

In treating undiagnosed diarrhoea the proper treatrof coccidia alone is often enough to
reverse the situation. Many French and other astsiwess the importance of intestinal
coccidiosis as a factor in the outbreak of entedtid the benefit of treating coccidia. It
should be remembered that giving medicine is naseif sufficient treatment.

PreventionNon-specific attacks and coccidiosis are the beaises of diarrhoea. Diarrhoea
prevention therefore consists of controlling thiege factors. Good hygiene is the proper way
to prevent the first. Preventive medicine shoulcdbéed to combat coccidiosis.

There are two kinds of preventive medicine: vadoomaand chemopreventive treatment.
There is no anticoccidiosis vaccine (as of 199@}iv& research is ongoing and hopefully
short-cycle attenuated strains may soon be sedy &ains). Doses of sulpha drugs (see
preceding pages) given to the young rabbits at imgdor eight to ten days are a good
preventive measure in problem rabbitries.

Anticoccidial drugs administered as a preventivasoee in balanced pelleted feeds are
without doubt the most popular control method. Aaie number of products can be used for
rabbits (Figure 20). Robenidine has been used@sdsadditive in Europe since 1982 (66
mg/kg) and is very effective and well toleratedrbgbits. But ten years of use in the region
have produced chemoresistanEerfiediaandE. magna).Others are effective (Lerbek) or
highly effective (Salinomycin, Diclazuril, Toltragtithydrosoluble), but had not been used for
rabbits as of 1993. Anticoccidial products of tbedphore family used in poultry husbandry
are usually very toxic to rabbits: Narasin, Monansiladuramycin. Some are well tolerated
(Salinomycin 20 ppm; Lasalocid 50 ppm), but oveedgsmust be avoided. Anticoccidial
products much in use in poultry husbandry, sucArmaprolium and Coyden
(methylchlorpindol), have little, if any, effect sabbits. Coudert (1981) has made an
exhaustive bibliographic review of these produtte disadvantage of such drugs is that they
are not water-soluble, which means they can onlgdmeinistered in balanced pelleted feeds.
Antibiotics added to feed in constant low dosessét@ngly warned against as ineffective and
dangerous.

Preventive hygiene is the keystone of coccidiosigmol and successful rabbit production. It
is far more important than any other anticoccidioaeasures and for this reason the last
section of this chapter deals solely with preventiygiene.

Acquired immunity to coccidia is species-specifoccidia cannot develop in young rabbits
before 21 to 25 days, i.e. while lactation is the@pal source of nourishment. The presence
of coccidia before the age of 28 days is a signsifficient milk or poor hygiene. After
weaning, in the presence of contamination, immuisigcquired in 10 to 12 days and lasts to
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adulthood. Acquired resistance is weakened, howéyethe immunodepressive effect of
major stress.

Bacterial enteritis

Apart from coccidiosis there are two other clasgpes of rabbit diarrhoea. Renault (1975)
has published a detailed description of the medmanif these diseases.

Mucoid enteritis.A special kind of diarrhoea sometimes affects gngwabbits and nursing
does: very soft pellets are mixed with a transltjcgelatinous substance called mucus.
Autopsy shows the colon and rectum filled with ddagable amounts of this mucus, which
somewhat resembles egg white. All sorts of hypabémve been put forward to explain this
type of diarrhoea. It is now universally consideagplarticular expression of enteritis which
can have many varied causes: bacteEat¢li, etc.) or nutritional (not enough water and/or
not enough roughage).

Enterotoxaemia, colibacillosis, typhlitis.

These various names, like mucoid enteritis, refdact to types of enteritis which may have
different causes but are very similar clinicallyarecroscopically. The diseases often
develop rapidly (three or four days). Death caervene before diarrhoea appears. When
developing enzootically in a rabbitry there areggsaof mucoid diarrhoea or constipation.

The autopsy shows lesions not dissimilar to thesebed for coccidiosis. There is more gas
in the caecum, which is frequently mottled with sddations. The liver and kidneys
sometimes look abnormal (crumbly liver, discoloukétheys). The bacteria most often
blamed areClostridiumspp. andescherichia coli.

Clostridia(C. perfringens, C. welchii, C. septicuarg hardly ever isolated in growing rabbits
after weaning. Perhaps this is partly because thiesanaerobic germs which require a
battery of special techniques for isolation anadhtdieation. Clostridium spiroforméhas often
been described in rabbits in recent years. This bfenteritis is common, mostly in well-fed
animals (perhaps due to excess protein?). Bothgrand breeding animals may be affected.
The diarrhoea is often very liquid and characteadity quick to putrefy. The corpses are
blown up and the autopsy reveals greenish visGeeatment aimed specifically at anaerobic
bacteria can be effective (Dimetridazol, Tetragyelt Imidazol, etc.).

E. coli, on the other hand, occur systematically in vergdanumbers in rabbits with

diarrhoea or even with coccidiosis. It should heeebered that a healthy rabbit, unlike all
other animal species, hosts very few colibacillé (b 15/g faeces). Some authors have
isolated nearly 200 different strains in sick rakbiFortunately, not all are pathogenic and the
number of serotypes (strains) involved is relagivehall. Serotype O103 is virtually the only
one considered specifically pathogenic in Frangepik (1992) and Peeters (1993) have done
wrap-up studies.
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The enteropathogenicity of these strains comes foxins they secrete. However, diarrhoea
has rarely been produced experimentally using thessopathogenic strains alone (0103).
For theseE. coli to cause diarrhoea the animal has to be under ethme stress at the same
time (unbalanced feeding, coccidia, thermal shetk).

Strictly speaking, colibacillosis is mainly a postming disease. Diarrhoea in unweaned
rabbits is usually a consequence of poor matereatin Since the young drink only milk, to
treat neonatal diarrhoea one treats the mothereTiees to be enough antibiotic in the milk.
Because antibiotics are held back and rapidly bral@vn by the intestinal wall, the drug
administered in the dam's feed must be supplemdrytpdrenteral administration. Rabbits
are less susceptible to diarrhoea after severgtd wieeks. Broad-spectrum antibiotics
(colistin, flumequin) plus general hygiene can esdrthe situation where there is no other
major primary cause, e.g. feed, population derwityaternal health.

Some antibiotics are very toxic to rabbits, patady penicillins, ampicillins, amoxillins anc
other betalactamins, virginiamycin, lyncomydn amdlmic add (toxic embryo).

Conclusion While the clinical and necroscopic appearancéedé¢ diarrhoeas of non-
parasitic origin differs somewhat from that of cd@asis, the conditions governing their
occurrence are the same. First and foremost tltedanditions must lend themselves to the
spread of the infectious ageBt €oli or coccidia). Some factors perhaps more spedyical
favouring this type of diarrhoea are excess prdtethe diet (over 18 percent) combined with
insufficient roughage (under 10 percent indigestibiude fibre). Such enterotoxaemia, often
associated with coccidiosis, is frequently repoftech farm rabbitries where the rabbits are
fed fresh-cut forage which is strewn on the ground.

Curative treatment is always too late, given the@aature of this kind of enteritis.
Antibiotics and sulpha drugs will prevent the spre&the disease and very often it is enough
to replace the feed (pellets or green forage) Inyesgood dry hay to cut losses. But if nothing
is changed in the general conditions of the rajppitre same problems will soon recur.
Chronic pasteurellosis, particularly during fattemiis also a direct or indirect cause of
diarrhoea and mortality in rabbits.

Other gastrointestinal parasites

Glancing through a book on parasitology the readen discovers that several dozen
different sorts of parasite can be found in thérbdigestive tract. They will not all be dealt
with here as most are either very rare or only @gehic under exceptional circumstances, or
else little known or unknown in domestic rabbitsit B1 the farm rabbitry context, especially
in the tropics, it is useful to have a basic grafsine biological conditions that favour the
development of such parasites.

Only two intestinal parasitic diseases are founchtional rabbit production in Europe:

coccidiosis and oxyurosis. Wild rabbits living lmetsame regions, however, have many other
parasites. The main reason for this has to do théhvarious parasite cycles. Many are
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heteroxenous (multihost): to multiply and develbgyt must live successively on several
hosts. For example, the little liver fluke shifterh mammal to snail to ant to mammal. Others
are monoxenous (single host) but the larval ortdduin develops only in the outside
environment under certain conditions (wet grasslatagnant water, etc.). This explains why
rational production, by breaking the life cycletioése parasites, has eliminated the parasitic
diseases they cause.

Intestinal parasites found in farm rabbitries.

Cysticercosigtapeworm). This common parasite produces finatengtreaks on the liver and
translucent cysts, alone or in bunches, on théqrerum and viscera. The cysts are produced
by the larvae of dog and cat tapeworms. Rabbits@mtaminated by eating feed that has
been in contact with excrement. The terminal h@tg, cat, fox) become carriers by eating
rabbit viscera. Symptoms are few - sometimes digahexcept with heavy infestations (not
uncommon) when growth rate slows. There is no sugdteatment. The other domestic
animals have to be treated. Tapeworm larvae of gihecies of animals (pig, rat, etc.) can
also infest rabbits. It is worth mentioning herattthe larvae of some dog and cat tapeworms
can infest not only rabbits but people as well {@atoccosis, coenurosis). The lesions are
cyst clusters forming translucent "tumours" on\fseera or in the brain.

Taeniasigtapeworm). Half a dozen tapeworm varieties céesirrabbits which become
contaminated by eating mites in wet grass. Clirsgahptoms are slight: mild diarrhoea,
sometimes weight loss, very rarely mortality framtestinal perforation. A necropsy reveals
flat worms, a few millimetres wide, varying in leghdoy species from 1 cmto 1 m.

Tapeworms are seldom found in domestic rabbitsatiments applicable to other animal
species may be used.

Fasciolaspp. andicrocoeliumspp (trematodes). Liver fluk@asciola hepaticagnd little
fluke (Dicrocoelium lanceolatum) are alseery rare in rabbits. The conditions of infestatio
are the same as for ruminants. The intermediates laos certain snails found in grass from
marshy area@~asciolaspp.) or other types of snails and gid&rocoeliumspp.). Usually
the only symptom is slowed growth. Treatment is\jess.

Trichostrongylugnematodes). These are also small round wormiegcadund-worms),
measuring 4 to 16 mm in length. TGeaphidium(stomach worm) is rare in Europe but
Trichostrongylus izvery common in farm rabbitries. Rabbits becomestdd by eating green
forage contaminated by larvae. The intrinsic pagimog strength of these parasites is
relatively weak, but they do greatly aggravate othbbit ailments, particularly diarrhoea.
Massive infestations can cause extreme inflammatiamrious parts of the intestinal tract
(stomach, small intestine, caecum). The convenitiamdelmintics (thiabendazole,
phenothiazine, tetramisole) can be used for rabliis recommended that regular treatments
be applied every month or two in contaminated featbbitries.
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Two other small roundworms are frequently foundaibbit caeca and colorBassalurus
(oxyuris) andTrichuris. These do not appear to be pathogenic except vwadsive
infestations.

Strongyldédes(nematodes). These are small roundworms, a feliratres long, that are able
to migrate throughout all organs and reach thesiime. The aetiology and epizootiology are
identical to those in ruminants and pigs. Some massfestations have been described in
rabbits living in dark, damp, poorly kept hutches.

Preventive hygiene and intestinal parasites.

Intestinal parasitism is very common in wild ralbit is frequent and not of great economic
importance in farm-bred domestic rabbits if ovesalhitary and health conditions are
satisfactory. In poorly kept hutches, or where stdéion is massive, these parasites enhance
all other ailments, both intestinal and other, mgkihem acute, enzootic and lethal.

Rational rabbit production has done away withladise intestinal worms. Control is easy; it is
only necessary to break the parasite's life cyessentially this means taking the following
measures regarding forage:

e it should not be gathered in areas where thertaesge numbers of dogs, cats or wild
rabbits;

e it should be stored out of reach of these animals;

e it should be gathered at midday when the dew e davoiding marshy areas) and not be
cut too near the ground, because many of thessifggavoid dry surroundings and strong
light;

e it should be sun-dried before it is given to rabbidrying kills most of the worms and their
larvae;

e it should be distributed on feed racks where alirage unable to soil it with their faeces or
urine.

Parasitism can be considerably cut back by freqciesmging of the straw litter, which should
always be dry. Late slaughter of fattening rabfilisee months or more) is a negative factor,
as some parasites (oxyuris) have a rather longyiéée. This is interrupted by earlier
slaughter. Regular treatment can also include bspadtrum anthelmintics or copper
sulphate-based preparations in drinking-water (teye) for one or two days.

Respiratory diseases

Respiratory ailments are common among domestidtealib rational production they
essentially strike breeding adults. In a farm ralghjoung rabbits can also be affected. Where
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such ailments are endemic, losses are especidiy feared among the females, in which the
disease becomes chronic, leading to productiorpatgs and mortality among the nursing
young. Respiratory diseases usually remain enddmtabrupt epidemics, which can
decimate the stock in a few weeks, sometimes batk farm rabbitries.

Clinical features

The first symptoms are a clear, fluid nasal disgaand frequent sneezing. The rabbit often
rubs its nose with its forepaws, the fur of whigdtbmes matted and dirty. This is the first
stage, or common coryza, which affects the uppspiratory tract.

Later the discharge turns yellowish, thick and jemti Sneezing is less frequent but coughing
may begin. Purulent coryza can remain stationaegelop into pneumonia, either
spontaneously or from other specific or non-spe@éuses (enteritis, lactation, malnutrition,
etc.). With pneumonia, coryza, sneezing, even coggind snuffling may disappear. The
only symptoms will be slower respiratory movementsarly visible in the nostrils, and
difficulty in breathing in. In young rabbits, grawslows or stops. Complications are
frequent: diarrhoea, ophthalmia, sinusitis, tottisqwryneck) and abscesses. Females can
die suddenly during lactation or gestation.

At autopsy, coryza is manifested by the presengrisfin the nasal cavities and atrophy of
the mucous membranes. The lungs may be congeddguhais may have a liver-like
appearance. Very often there are lung abscesseskindant yellowish-white caseous pus
filling most of the chest cavity.

Causes

As with diarrhoea, respiratory infections are du@am association of non-specific contributing
causes with infectious agents.

Many of the non-specific attacks mentioned in thevjpus sections are decisive for the
development of respiratory ailments. Control oforhic enteritis in fattening units, in
particular, will reduce the incidence of coryzah@tcontributing causes are directly linked
with rabbit respiratory physiology. The lungs aretpcted by the rabbit's very developed,
very complex nasal cavities. These cavities arel/by the pituitary membrane which acts
as a filter to stop dust and airborne microbeis. therefore essential to protect this mucous
membrane and keep it intact. The pituitary membrsuparticularly sensitive, which may
explain many of the following observations:

e abrupt cooling of the air can be the sole causmofmon coryza, which may clear up
spontaneously and quickly in a healthy environment;

e dust (crumbly granulated feed, pollen, dust inglidrom dry sweeping or a nearby dirt

road) can cause common coryza through the reflgeracf the pituitary membrane, but may
also clear up quickly;
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e air flow, humidity and temperature are three v@ogely linked environmental factors that
are instrumental in triggering respiratory ailmemslower temperatures the air must be
correspondingly drier and move more slowly. Rab&#sm to be very sensitive to draughts.
Air flow should not exceed 0.30 m/second unlesshiimaidity is more than 75 percent.
Ventilation errors in closed buildings are the Elsi@use of chronic pneumonia;

e ammonia and gases forming from decomposing, waaked straw litters may quickly
break down the pituitary membrane and gain direcéss to the lungs.

Infectious agentsThree constants of disease agents are the randsrahtheir pathogenic
strength, their numbers and the fact that theyrdeechangeable. In other words, only some
alteration in the mucous membranes of the uppeiregery tract will allow the germs present
to develop to their specific pathogenic strength.

Bacteria.Pasteurellosis is the disease most often citedhuse rodents and lagomorphs are
particularly susceptible to this germ. Pasteurdlaozay take many forms in the rabbit:
abscesses, mastitis, diarrhoea, metritis, wrynedepticaemia. The rabbitry can easily
become thoroughly infested, to the point whereqastlosis can become endemic. Some
pasteurella strains are more pathogenic than otRathogenicity can be acquired during the
endemic stage, provoking an epizootic outbreak@rabbitry or even in the entire region
(Rideauet al.,1992). While pasteurella is the worst and mostroom of the germs isolated
from the respiratory apparatus of a sick rabbdrehare others: e.g. klebsiella, staphylococci,
streptococci, bordetell&,. coli, salmonella and listeria. These are usually seagnda
infections or associations such as streptococcbandetella.

All production units are contaminated with pastéarand, while there may not be respiratory
pasteurellosis, the constant threat is there, ands/with the pathogenic strength of the strain.

Viruses.Apart from myxomatosis, which now seems more andertikely to cause
pneumonia, no respiratory virus has been desciib#tk literature. Viruses certainly do exist,
however, and in rabbits as in other animal spethesproblem is the bacterial complications
which follow viral infections.

Parasites.There are several species which can develop ilutigs(Protostrongyluspp.,
linguatulids, etc.). They are relatively uncommordomestic rabbits because, as with
intestinal worms, an intermediate host such asaé sndog is required. Only a laboratory
analysis can reveal the presence of respiratosfias.

Epidemiological and physiopathological elements
Pasteurella are basically transmitted through ticentact such as mother to progeny, male to
female, or via a vehicle such as the drinker, tbegh or the breeder's hands. These bacteria

cannot live very long outside the body, making &awiisolation effective. Airborne
transmission is infrequent and only effective # #ar is full of dust or water particles.
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In a healthy production unit, young rabbits arekety to be contaminated before the age of
21 to 25 days. Most adults are silent carriers. ditess most commonly colonized are the
sinuses, vagina and middle ear. Autopsies showntbag than 60 percent of female rabbits
have asymptomatic pasteurella-associated otitiiseomiddle ear. Pasteurella are carried into
the inner and middle ear by the lymphatic systeia two-way direction.

Other pasteurella affections are frequent: cutam@tascess, mastitis, vaginitis and metritis;

the last two more frequent in units where artifioiemination is practised with unsterilized

implements. All these external suppurative fornesiacurable and affected animals must be
culled immediately.

Respiratory disease control

ChemotherapyTetracyclines are pneumotropic antibiotics wektated by rabbits.
Chloramphenicol and sulfadimethoxine are also offéective. Dosages vary according to
the preparation but treatment should always béhi@e to four days. The medicine is best
injected intramuscularly. Whenever a bacteriunsadated in the laboratory it is strongly
recommended that an antibiogram be made immediat&hough antibioresistance is rare in
rabbit pasteurellosis, resistance to streptomypitamycin and the sulphonamides is
reported. Systematic preventive antibiotic treatis@ne both useless and dangerous.

Vaccination. The numerous vaccines on the market are of veeyemeffectiveness. Most of
them are pasteurella-based and sometimes bordegs. It is difficult to immunize rabbits
against these two germs, whatever the quality@¥#tcine. The main point is that bacteria
are only exceptionally the direct cause of thealisg so that even if the rabbit is protected
against pasteurella, it can still catch pneumorgenfstreptococci or staphylococci.

Given the large number of pasteurella strains hait variable pathogenicity, autovaccines
are always preferable. Furthermore, to be at #dcafe, vaccination must be performed on
healthy animals just after weaning and repeatechamah later. Action is generally taken
during the course of the disease only. Vaccinadioth chemotherapy are merely temporary
measures to back up preventive hygiene.

Preventive hygienePreventive hygiene is tistne qua norof successful respiratory disease
control, even more so than for digestive disordéfisere pasteurellosis is endemic in a
nursery, the breeder needs to know that a lon¢glags ahead for which the following
strategy is proposed. Where possible, the firsbacbefore administering antibiotic

treatment, is to remove two or three sick rabltgléntify the germ, make an autobiogram
and perhaps prepare an autovaccine. Successfubkdapends on culling sick animals,

which the breeder will need to be able to repl&aesteurellosis control should be preceded by
the preparation of new breeding females from thengest (newly weaned) animals which
have been isolated, treated and perhaps even atedin

The first stage of pasteurellosis control is theiglation of all clinically diseased animals: i.e.

those with signs of suppurating coryza, snifflibggathing problems, abscesses, mastitis,
vaginal discharge, etc. The second stage is tysa#he nursery environment: i.e. air flow,
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ammonia, humidity, temperature, dust content. Nez#jg control is possible unless the
environmental problems are identified and solvdt third stage (and hopefully not the first)
is antibiotic treatment with tetracyclin, chlorangpiicol, etc.; it is particularly effective if
administered for long enough and by parenterattigae.

The bacteriological clean-out of the unit shouldsbhpplemented by extra-rigorous cleaning
of the floors, walls and all equipment and impletsen

Culling of the sick is to be followed by the rembw&healthy carriers such as old females,
non-productive females, females that refuse matirtgat abort, females with coryza in the
late stages of pregnancy, etc. Male rabbits amaiftable healthy carriers.

New females should not be brought in until theaditn has improved, i.e. several weeks
after the start of the operations. This must ngaii a slackening of vigilance in either
maintenance of a sound environment or good hygieaking of the breeding animals
retained should continue.

Other disorders of the rabbit

There are many rabbit diseases other than digestideespiratory ailments. Most have
disappeared from intensive rabbit production witltbe reason always being known. Others
are still found in farm rabbitries but are rarefyeconomic importance. The following is a
brief review of diseases that are not uncommon.

Myxomatosis

This is a viral disease (Sanarelli virus) whichideted rabbits in Europe for more than 20
years after being introduced into France in 19%& $anarelli virus develops in certain
American rabbitsSylvilagus(cottontails), without causing the disease, thaking them
dangerous carriers.

Myxomatosis is extremely contagious and can bestraited in many ways. Biting or

stinging insects such as mosquitoes and fleahamnain vectors because of the rapidity with
which they can inoculate animals and the distatieegare able to fly. Spread by animal-to-
animal contact or from contaminated equipmentss abmmon. It now appears certain that
pulmonary contamination is possible in confinedirga This virus is very resistant to
weather and physical changes (cold, dryness, hadt)lisinfectants. Formol, however, is
very effective and is recommended for disinfectiggiipment.

Pasteurellosis eradication plan: order of operatioa
1. Cull live animals for laboratory examination tfairogram and autovaccine).

2. Prepare a stock of future breeders to replaiceads culled, isolate them, treat them ancl
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vaccinate them if possible.

3. Cull sick females, including those with suppumgtcoryza, sniffling, breathing problems,
abscesses, etc.

4. Check and modify the environment (air flow, anmiag.
5. Administer appropriate antibiotic treatmentte temaining stock.
6. Wash and disinfect cages, hoppers, drinkerstdland walls.

7. Continue to eliminate healthy carriers for sal/@reeks or even several months, i.e. cull
females which are not productive, refuse the ndda)jot get pregnant or abort.

8. When the situation improves, renew stock witbngvaccinated females and continue the
accelerated renewal of the entire stock.

The first symptoms are inflammation of the mucowsniranes (eyelids, genital area) which
thicken and form small tumours. These tumorous lesdare found first on the tips of the
ears and then all over the body. The tumours adhesely to the skin and grow until they
filially deform the whole head. Numerous nodules ba felt under the skin on the back.

Respiratory forms of the disease with no other gpms also seem to be common. Clinical
diagnosis is then impossible. Recovery is rarenbtunheard of when the animal can eat and
there is no secondary infection; however, the tabiein becomes a healthy carrier of the
virus.

There is no treatment, nor should there be. Vatoimas effective and can be done with a
heterologous virus such as the Shope virus, whadses a small benign nodule in rabbits, or
with a weakened form of the myxomatosis virus. lastérn Europe the first is more popular,
in Hungary the second. Prevention requires goodkehggand insect control, especially of lice
and fleas in farm rabbitries.

Breeders or countries buying rabbits should enthaethe animals have been vaccinated for
more than three weeks but less than two monthsdeiachase, and that they come from a
healthy rabbitry where regular vaccination is thier

Viral haemorrhagic disease (VHD)

There are many synonyms: RVHD (rabbit VHD), viraphtitis, haemorrhagic hepatitis, X
disease, etc.

Epidemiology.The epizootic form of this disease appeared im&m 1984 and spread

rapidly throughout the world. By 1988, it had reaglall of Europe and the American
continent (Mexico, Venezuela, etc.).
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The epizootic disease is most spectacular whene fabbitries or wild rabbits are heavily
concentrated. (In Italy, for instance, an estim&@@gercent or more of the farm rabbitries
were entirely decimated within a few months.) Oneaxm years later these epizootic forms
appear less frequently and are less widespreadh&ulisease remains endemic.

However, when VHD hits a previously unaffected doyiras in Cuba in 1993, the extent and
evolution of the disease are dramatic. In genaramals over eight weeks old, particularly
adults, are the most susceptible to VHD.

Frozen Chinese rabbit meat was the original soofcentamination in Western Europe and
Mexico. All producer countries of meat, by-prodydtseeding animals, etc. are now
contaminated. Even though rabbit VHD spreads vaigkly, few industrial production units
in Europe except Spain were affected since theyolegranulated feed. The forage
collected by breeders is often suspected of b&iagtincipal vector of the virus.

Symptoms andesions When the disease appears in a rabbit productidgniuspreads
immediately. Death occurs within three days afigrosure and, in the chronic form,
survivors recover in one week. The clinical sympgaare straightforward: fever, sudden
death, sometimes preceded by convulsions and éage-mortem epistaxis is spectacular but
not frequent. The disease is fairly easy to diagribanks to the dramatic mortality
throughout the rabbitry (20 to 40 percent per dpgjticularly in adult rabbits.

The characteristic post-mortem lesions are:
e haemorrhagic syndrome throughout the respiratppaeatus, liver and intestine;
e congestion of the kidneys, spleen and thymus;

e frequently major enlargement of thymus and litilee, liver showing the most constant
lesions, discoloration, a "cooked" appearance, waagked lobular patterns;

e clear failure of coagulation revealed by incisafrthe organs in fresh cadavers;

¢ necrotic hepatitis and general intravascular iclgtin all organs, the most typical lesions
revealed by histo-pathology.

CausesAlthough the RNA virus which causes VHD has ndween cultivated, most authors
now agree that it should be classified in the fgraflthe Caliciviridae. It is very resistant to
freezing, ether, chloroform and proleolitic enzymésan be inactivated by formol or beta-
propiolactone. It is destroyed by bleach, sodathaghenols.

The first target cells in the organism are thostéreticulo-endothelial system. The virus

can subsequently be found in all cells, particyl#re hepatocytes. Indeed, the purified virus
used to produce inactivated-virus vaccines is tdk@n the liver.
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Prevention and treatmenfThere is no treatment. Preventive hygiene measaes proved
inefficient except in industrial-scale rabbitri&everal vaccines have been made from the
inactivated viruses. They act very swiftly (twoftee days) and confer six months of
protection. In areas where the disease is endeaicjnation is essential and effective. When
an epidemic breaks out in a rabbitry in a regionmediate vaccination following the first
fatality can save a production unit. The major peaobin contaminated countries is having
enough vaccine on hand to intervene immediately.

Two different policies are recommended for impomeaew breeding animals (in addition to
the standard measures such as quarantine): th@yiar@egative sero-logical test or
vaccination. Neither is entirely reliable because $pecificity of the test is low, and the
disease has a very short incubation period. Vatiomaould be the method of choice as the
virus apparently does not multiply in vaccinatedraals, but formal confirmation of this

point is still pending.

Finally, despite the numerous similarities (virssgmptom, epidemiology), the disease
European brown hare syndrome (EBHS) is not trarsbiesto rabbits and vice versa.

Foot pad abscesses

Foot pad abscesses are a very common complairitigfiata all breeders. Chronic abscesses
are far more frequent under the hind paws. Thay ataa barely visible swelling which can
be felt by palpation. They may be limited to théatieous and conjunctive tissues. The skin
becomes thick (parakeratosis) and scabby. Infeditatent and the sores may bleed. Poor
cage floor hygiene can cause heavy secondary iofedhe abscess then covers the whole
metatarsus and becomes purulent.

These abscesses are found in farm rabbitries ainteimsive production where mesh floors
are used. Breeding animals are especially proti@galisorder. In farm rabbitries the main
cause is poor upkeep of the straw litter, whichobees damp and rots. Various infections can
follow (staphy-lococci, fungi) but the worst iCarynebacteriun{Schmorl bacillus) which
gives rise to an evil-smelling necrotic gangrenécWitan spread to the head and the whole
body and then to other animals (necrobacillosis).

This disease is rare where rabbits are raised mmmwwesh floors, but sore hocks (caused by
staphylococcus) are much more common than in nadxbivhere straw litter is used. Poor
quality, rough or twisted wires, wrong mesh siz® (lvide) and rust are the main culprits, all
fostering the development of foot pad abscessesdlfficult to raise heavy rabbit breeds on
wire mesh.

The control of foot and hock diseases is primgriigventive and consists of the following:

e choice of medium-weight breeds and animals whosegads are well furred to protect the
skin, such as the New Zealand White and the Caidor,
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e use of thick, galvanized, welded wire mesh (mézaf 3 to 15 mm); it should not irritate
the palm of the hand when rubbed,;

e straw litter always kept dry and clean;
e frequent washing and disinfecting of cages.

Treatment is difficult. When there is no obvioupguration the sores may be treated every
day and then every two days with strong disinfestanch as iodine, Fehling liquor, paraffin
oil and permanganate. The antifungoid action oinednd permanganate is useful too in
units using the litter system, which fosters corggions with fungi. Antibiotic ointments are
not recommended because the treatment is longxgreshsive and the ointments soften the
skin. When the abscesses become purulent or tepdas are affected the infection is then
incurable and the animals should be culled. If o#iEscesses are noted, especially on the
head (necrobacillosis), the bodies should be buondairied deep. Foot pad abscesses make
it practically impossible for males to mate.

Buck-teeth

Buck-teeth prevent the upper and lower incisorsftouching and so they do not wear down.
The incisors keep growing and eventually preveatréibbit from eating. Buck-teeth may be
hereditary (jaw malformation), or the result ofuinj (teeth broken against wire mesh). There
is no connection with the type of feed - foragedgranulated feeds and so on. The only
prevention is breeding. Teeth should be carefulbn@ned when buying or choosing a
breeding animal. Treatment consists of cuttingiéeeh with sharp pliers right down to the
gums every 15 to 21 days.

Ear and skin mange

Ear canker or mange is very common. It is a pacaditease caused by a miRsoroptesor
Chorioptes)and frequently complicated by bacterial infectibhe symptoms are external
otitis and yellow or brown scabs in the ear camhhé course of the disease can be very long.
The scabs become waxy and invade the whole eannsiue of the ear becomes scaly. The
middle ear may then be affected, causing wryndek rabbit's head is held constantly to one
side).

Treatment can be effective if the disease is caungtie very early stages, that is, as soon as
small yellow-brown deposits are noticed in the &@ecticides are applied locally in the ear.
Organophosphates such as malathion are prefemblg@anochlorines (DDT, lindane) which,
although very active, are dangerous to humans.€@lye, iodized oil or cresyl oil are also
effective when applied frequently.

Prevention involves culling rabbits whose exteesis are severely affected, and treating all
other rabbits for several days running and themyefiegtnight. Throughout the treatment the
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straw litter must be changed frequently as thegi@scan stay alive in the litter for a long
time.

Ivermectine is unquestionably the drug of choiagy 200 mg injections per kilogram of live
weight every eight hours provides a spectaculag.Cline product is very persistent and if the
stock is carefully treated at the same time anddhbitry cleaned out, it will be effective for
several months. This is a very strong medicineshmdild be reserved for breeders, for
animals treated with it cannot be eaten for sevemaiths.

Skin mange is much less common. Today it is oniyiébin poorly managed rabbitries.
Lesions start at the edge of the lips, nostrils eyek, spreading to the head and forepaws as
rabbits frequently rub their heads. The skin dtiles,hair falls out and the skin becomes scaly
and finally scabby. The skin mange mit8aycoptesndNotoedresare not of the same

family as ear canker mites. Treatment is the séuneprevention measures (culling diseased
rabbits, cleaning cages) must be stricter.

Skin diseases

Ringworm.Also called dermatomycosis or trichophytosis, wogn is a skin and hair
disorder. Not very common in farm rabbitries, itiglespread in intensive rabbit production.
It starts with circular bald patches, usually oa tiose. The hair looks clipped and the skin is
irritated and inflamed. More small patches appeethe head, ears and forepaws and then
over the whole body. On the oldest lesions the ¢&irbe seen growing again in the centre.

It is a very contagious infestation that can somes be transmitted to humans, although it is
more commonly transmitted to other domestic anirsat$h as dogs and cats. Ringworm is
caused by microscopic fungi that can belong tcedfiit generérrichophyton, Microsporum,
Achorion)and are not specific to rabbits. There is no esoadoss as long as infestation is
light.

Treatment is long and costly. An antimycotic, Goiggvin, is administered in the feed for
about ten days. During treatment all equipment khbe frequently cleaned and disinfected
in a 5 percent formol solution. Many producers cassfully it seems, sprinkle powdered
sulphur (sulphur flowers) on the ground, cagesraesiing boxes. In small rabbitries local
treatment can be applied with antimycotics in powatdiquid (tincture of iodine and other
dyes), but preventive hygiene should accompanyrédament. Badly afflicted animals
should be culled and domestic animals treated.

Ectoparasites and trichophagyAs well as the lice and fleas that are specificatibits,
ectoparasites of other animal species, particufalyitry, can also bother rabbits. Not found
in intensive rabbit production, these farm rabbécyoparasites can harm production and,
worst of all, they are the vectors of many disesgents, including the myxomatosis virus.
With good hygiene and external antiparasitic prapains they can be rapidly eliminated.

Trichophagy or fur-eating occurs both in farm rabés and in units using wire-mesh floors.
The animals eat each other's fur and end up with backs and flanks. All sorts of diagnoses
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have been advanced: unbalanced rations, behavipatzEiems, unsuitable environment,
amount of light, overpopulation, genetics and sthfdt was very widespread when wire-
mesh cages were first used extensively, but seeims declining with the general
improvement in production conditions (equipmengdestrain). There is no exact preventive
measure and no specific treatment.

Zoonoses

Zoonoses are diseases shared by many animal speddésimans. Most have no special
feature peculiar to rabbits and are rarely contchbly them (rabies, tetanus, etc.). Therefore
only a few are mentioned here, either becausedheye dangerous to people or because the
appearance of the disease in the rabbit reveadigtence on the farm or in the village.

Tuberculosis

This disease is very rarely reported in rabbitsvéMineless it does exist and may be of avian,
bovine or human origin, in decreasing order of fiextry. The rabbit is very resistant to
tuberculosis, so the disease evolves very slowig. [Esions, which are the sole indication of
tuberculosis, can only be seen in breeding anirtéle.main organs affected are the lungs
and less frequently the liver, intestine and kidnéyhe spleen is very rarely affected. The
classic tubercular nodules are found in the pangmelof these organs, often containing an
almost solid cheese-like pus.

Pseudotuberculosis

This is more common in guinea-pigs, wild rabbitd &ares than in domestic rabbits reared
on straw litter. It has almost disappeared with eradvire-mesh cage production.
Pseudotuberculosis is one cause of synovial dglmithhumans. The gerMersinia
pseudotuberculosigrovokes numerous whitish nodular lesions on tibestinal viscera,
especially the spleen, which become enlarged. Tinedeles, ranging in size from a lentil to
a chickpea, are sometimes amalgamated. They atersckthroughout the abdominal cavity
but are rarely found in the lungs. Apart from sieaetight loss there are no symptoms to
diagnose. The disease can easily be recognizeddtynmrtem examination.

Tularaemia (rabbit fever)

This very contagious disease is common in haraggabbits seldom contract it. Its
significance is the danger it represents for humaArsacterial disease causedfnancisella
tularensis,it gives rise to high fever, leaving the animalsisemicomatose state. Lesions are
enlargement and congestion of the spleen. The ikveiten dotted with numerous tiny
greyish-white spots (miliary necrosis) about thee f a grain of millet.

Listeriosis
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This disease is less rare than tularaemia, andppikears sporadically in farm rabbitries. A
septicaemic disease caused.steria monocytogenes,is very difficult to diagnose
clinically. Listeriosis should be suspected wheanftillowing symptoms appear on the farm:

e nervous upsets: photophobia, spasms, wryneck;
e abortions in does or ewes;
e miliary necrosis of the liver and spleen (witheatargement).

Toxoplasmosis

This disease is unquestionably more common in fatvbitries than is generally believed. It
is caused by the intermediary stage of an interagand dog parasitessospora.The course
of the disease does not usually produce symptdtheugh there may be jerky nervous
reactions. The lesions are translucent cysts itothg and in muscles or viscera. Often the
spleen is enlarged.

Conclusion

Zoonoses are infrequent in farm rabbitries and fpparently never been identified in
intensive rabbit production. This is because comation is usually spread by forages
polluted by other animal species. Zoonoses areuslgally diseases of adult animals; the
early slaughter of animals (10 to 12 weeks) lirthtsir spread. When these diseases are
suspected the dead animals should be burned @doamd human hygiene intensified.
Although antibiotic treatment may be effective ertain cases it is best not to treat but to cull
the entire stock. Good hygiene is the only prewentApart from the usual rules of
cleanliness, forage must be cut and stored withigpeare. Rats and mice are formidable
propagators of these diseases. Rat exterminattamdmrabbitries is fundamental.

Trypanosomiasis

There are few data on this disease. Various firsdfrgm Africa on the subject, while not
contradictory, are not uniform. It has been demmaitstl that rabbits can contract
trypanosomiasis experimentally or in special cirstances. They are particularly susceptible
to Trypanosoma brucei.

There are reportedly some rabbitries in tsetsaras, for instance in Cote d'lvoire, with no
recorded cases of spontaneous outbreaks of trypamasis in rabbits. Trypanosomiasis has
caused some problems in Mozambique, however. Ibbas reported that its symptoms are
oddly like those of myxomatosis.

Note: Other diseases that are transmissible from rabblsimans, or common to both, have

already been mentioned. By contrast, neither ralaiola (pox virus) nor rabbit syphilis
(Treponema cuniculigan be transmitted to humans.
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Reproductive diseases and disorders

A doe can produce over 60 young in one year, lwtfieeeders are in a position or context to
exploit this potential fully. Rabbit maternitieseathe source of many disease problems. The
breeder should focus efforts on the nursery anchaternal health, the prime guarantee of
obtaining healthy young rabbits at weaning. Pragiigtfactors in the rabbitry (frequency of
mating, litter size, age at weaning) depend at leasnuch on the breeder, equipment, feed
quality and quantity as on the female rabbit's ipibaé

Maternal health determines the survival of thepifyg

All the diseases mentioned above can affect brgddimales. Only a few points peculiar to
reproduction will be mentioned in the following pgraphs and the relative importance of the
major diseases of females will be discussed inratiBnportance.

Respiratory infections

Respiratory ailments are the main disorders afiggiregnant rabbits in closed rearing. In
intensive production, apart from the environmengalses described earlier, lactation must be
added as a contributing cause. In young nursing,dwed-to-diagnose ailments can be
complicated by acute or subacute pneumonia. Thendgedie before weaning her litter or
she may have to be culled shortly afterwards.

Digestive disorders and enterotoxaemia

Digestive diseases are far less serious in aduttas than in growing rabbits. The classic
coccidiosis-type diarrhoea is rare in adults. limes$ parasitism (coccidiosis, strongylosis)
will be latent or chronic, fostering the appearaotether diseases.

Enterotoxaemia is more common, especially in faabbitries. It can develop very rapidly
(one to seven days) with or without mucoid enteritlost often it occurs in late pregnancy or
mid-lactation, sometimes in association with symmf acute pneumonia. In traditional
rabbitries, complications of paresis or paraplegeacommon, especially in fat, overfed does
working at low-intensity breeding rates. Controthins case involves adapting the
reproduction rate to the feeding capacities ofpitoeluction unit. There is no treatment.

Metabolic disorders

Some 25 to 30 percent of does in intensive prodadie, usually with no warning symptoms.
Mortality occurs in mid-lactation in young firstnd second-litter females and in the latter
stages of pregnancy in older does. Often calledrettixaemia, this illness is certainly not of
infectious origin, although bacterial complicatiaare common. It is rather more like a
metabolic disorder, such as milk fever in ruminateclampsia in women. Its aetiology is
still not clear. There is no curative treatment.ridtity can sometimes be reduced by
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preventive doses of calcium in drinking-water orgoaeral injections (Ca gluconate) just
before kindling.

Abscesses and mastitis

Abscesses are very common in rabbits. They somgtgrev to enormous size, and develop
very quickly without any apparent change in theralis health. There are two preferential
sites in does: the sub-maxillary area and the .t@&isse and foot abscesses are the main
reasons for culling breeding does.

Most often the cause Btaphylococcus aureusut other germs may be present. The worst are
pasteurella, which can make the disease epizootidesad to numerous complications
(pneumonia, septicaemia, abortion). Mastitis is iwmm in units with mesh floors and is
probably fostered by congestion caused by chilligen mastitis is in the congestive stage
(hard, reddened mammary gland but no pus) thesbsaay be staved off by a three-day
antibiotic treatment and the local application strimgents (vinegar) twice daily to aid
decongestion. It is uneconomical to treat abscesspsrulent mastitis.

Chlamydiosis

Clamydia psittaci igound in rabbits. The clinical symptoms are maefusal of the male,
early miscarriage, peri-partum haemorrhage, hygioakis and poor viability of newborn
rabbits. Tetracycline as a preventive measurehientire rabbitry is efficient but there may
be relapses.

Genital infections

External genital organs.The external genital organs (vulva, penis, scrytcam be the site of
specific venereal diseases. The best known istraiphilis or vent disease, caused by a
spirochetg Treponema cuniculi)lt has never been reported in intensive rabbitpcton, but
vent disease is not exceptional in rural rabbitlieBamed lesions become ulcerated. Bucks
are often affected (orchitis, balanitis) and traitdéhe disease, which can turn enzootic. This
is a benign disease which impedes mating; it caiydae treated with antibiotics (penicillin,
tetracycline).

This disease can be confused with the onset of mgkasis!

Internal genital organs The internal genital organs can also become iaetecthese, far
more serious, far more common infections make dption impossible.

Metritis or white discharge, a uterine infectios piiten associated with mastitis and
respiratory complaints. It is a major rabbit digsead@ne symptom of metritis is an abnormal
frequency of sterile does and mastitis in the rapbAbortion, which is usually rare, may
become more common. Metritis shows up at post mortiee uterus is thickened and poorly
retracted and there may be abscesses at the lbsfeimplantation site, sometimes covering
the whole uterus (pyometra).
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Aetiology is complex. Gestation and kindling areviolisly contributing causes, but hygiene
is a determining factor, and a chronic pasteurallisthe rabbitry could be the culprit. The
most common germs are non-specific: staphylocpesteurella. The specific germs such as
toxoplasmListeriaandSalmonellaare much less common. Specific infections ardyike
there is widespread abortion.

Antibiotics can be given, especially at the ongehe disease. But they will not be effective
unless the most advanced cases, such as veryaidn or does with purulent mastitis or
symptoms of pneumonia or purulent coryza, are duleeventive medicine, in this case
vaccination, is only valid for pasteurellosis (seetion on respiratory diseases). Preventive
hygiene is decisive in controlling internal genitédeases.

Non-infectious reproduction problems

Sterility. Absolute sterility is relatively rare. "Steriligpidemics" are usually seasonal and
can often be traced to insufficient light (lessittid to 16 hours). Sterility otherwise occurs
after one or several kindlings (see previous chiad®es serviced three times with no results
should be culled for both hygiene and economy.

Twisted uterusCases of twisted uterus are not uncommon. Thdsovered during post
mortems on does that died during gestation. Theesaare not clear. Overcrowding of the
uterus and disturbance of does are frequent exjiasa

Delayed birth.Delayed birth often occurs with small litters (doehree). Foetal retention is
common in this case, invalidating the doe econolyicia modern production, birth is
systematically induced by injections of oxytocinday 33 of pregnancy (servicing on day
zero).

Parturition outside thenest box.Young first-litter females are the usual offenders
Disturbances, or mice in the nesting box, are ptssiauses.

Prolapsus of the vaginarhere is no treatment for prolapsus of the vagina.

Cannibalism Real cannibalism caused by abnormal behaviourdrdbe is exceptional. The
female usually eats only those young which areadlyevirtually dead but still warm. This
may happen a few hours or days after parturitiosufficient drinking-water after parturition
is considered a cause in farm rabbitries, andcihugd well be the true reason.

Abandonment of the litterThis is most often done by young females whos& hak not let
down, or has let down too late. A doe that abandwoditters should be culled.

The nest and young rabbit mortality
Compared with other domestic animals, rabbits altesstually in the foetal stage at birth.

The survival of newborn rabbits, and hence theesgof the rabbitry, is closely related to the
quality and hygiene of the litter's immediate eomiment.

156



If the amount and type of materials used for th& (&raw, wood shavings, hay, etc.) are
inadequate during the first few days, the newbahbits will get cold and death is then
inevitable. The doe does little to intervene. Shksgdur to help make the nest; she nurses her
young once a day and sometimes she will defendsad¢oehe nest, but she does not care
directly for the young. If the nest box is poorsigned and the young are able to get out
after the first few days, the doe will not put thback.

If nest hygiene is poor (droppings, dampness) tiradfmother is sick (mastitis, coryza) the
young will develop a nostril-blocking rhinitis whiavill impair their sense of smell within a
few hours. Their sense of smell is crucial as itlga them to the mother's teats. Small
staphylococcic abscesses can quickly develop opaheg rabbits' bodies (belly, groin,
tarsus) under these conditions.

In modern French rabbitries with highly prolificek an intensive reproduction system and
adequate environmental conditions, an estimated/Spercent of the young are still-born and
another 16 to 20 percent normally die before waganiibout a third of this mortality is
accounted for by precocious dam mortality. Som#hefyoung can be saved by fostering two
or three to another nursing doe with young of tr@e age. The remainder of the losses take
place during the first two weeks of lactation. Gzioaally an entire litter is lost during the
first four or five days.

The aetiology of these mortalities is not knowrt, ibgseems to have more to do with the doe's
state (lactation?) than with any particular disezfdie newborn rabbits. The above figures
indicate that a mortality rate of less than 15@g2rcent should not be considered
catastrophic. On the other hand, after the firstolB0 days of lactation young rabbit

mortality should be very low. If it is not, the dahould be examined for mastitis or coryza.
Cage and nest-box hygiene should be checked. Papigediarrhoea (30 to 35 days) is a
sign of inadequate hygiene. Coccidiosis indicatry ypoor hygiene.

Preventive hygiene

The word prevention has been constantly repeatedghout this chapter as essential for
successful rabbit production. Careful hygiene isallg enough to prevent major disease
crises. Preventive medicines (vaccinations, antichasis treatments, etc.) have been
described. They are not widely used in rabbit potidn. The basic rules of preventive
hygiene are now set down in detail.

Location and design of the rabbitry

It has been emphasized from the outset that rabvhitd have an environment in which they
do not constantly have to withstand external distoces and aggression. The rabbitry should
be located whenever possible far from such nuisaasaoise and dust (dust carries
microbes), sheltered from the prevailing winds andhot countries, shaded from the sun. Rat
and mice extermination should be considered, ds dret formidable healthy carriers of
diseases to which rabbits are susceptible.
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Cleaning should be constantly kept in mind in tesighing and building of a rabbitry.
Nothing that cannot easily be cleaned and disiefeshould be allowed. The rabbit's
immediate surroundings (cage, feeding racks amkers in particular) should be portable, so
they can be regularly removed, cleaned, dried asidfdcted. In completely closed buildings
the ventilation system should be carefully desigimedlow without draught. Where
ventilation is used, forced-air ventilation is mredble, as it keeps insects out and makes it
possible to control the air flow by adding or renmgvvents.

Some authors insist that in tropical countriesititerior of the building should be sufficiently
protected to act as a buffer against extremesmpéeature and humidity, especially during
the rainy season, to cut down the incidence of pubmny diseases. As an example, a rabbitry
in Burkina Faso built with local materials (laterlricks, palm framework, straw roofing)
recorded a much lower range in temperature vanatiban did a "strong" building made of
construction blocks with a tin roof. Where possilietal should be used for the wire-mesh
hutch and accessories as it is the easiest mategidan and disinfect.

Constant hygiene

Preventive hygieneThe rabbit's excitability is a contributing factarillness. Casual visitors
such as feed suppliers, rabbit buyers and othexders (who are vectors of diseases from
other rabbitries) should be barred. Rabbits shbalgrotected against dogs, cats and small
wild carnivores.

Feed and water hygierie basic as both can carry numerous agents oitrdiseases (e.g.
coccidiosis and worms). Feed should be stored faleareach of domestic animals. It should
be distributed in troughs or racks, but never @gtound. Drinkers should never be set on
the ground. Rabbits drink a lot of water, but tisly not drink dirty water. Water is the ideal
medium for coccidia sporulation. Accordingly it stid be changed and drinkers cleaned
often.

Cage and nest hygieme particularly important while the does are noigsiln wire-mesh
hutches the cage must be removed and cleaneckatftbrkindling. In farm rabbitries the
straw litter must be renewed often. After kindlimgy stillborn young should be removed
from the nest and the nest remade if necessaryr&ygro widespread belief, a doe will not
abandon her young if they have been touched ol necessary to keep the doe out of the
nest during the cleaning operation.

After weaning, if straw litter is used, it should kept clean and dry. The more animals per
cage, the more difficult this is. In every typepobduction system weaning demands
scrupulously clean, disinfected, dry cages. Weaismye of the crucial moments in rabbit
production. Transporting the animals, mixing ufeh$ and using questionable cages should
be avoided. Successful production depends on thetsds.

Microbial infection.It is also necessary to work constantly againgtanldup of microbial

infection. Chronically sick animals (with coryzaygumonia, mastitis, abscesses), especially
breeding animals, must be culled. One sick breeaimignal in a rabbitry is of small value in
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relation to the danger it represents for the rét@stock, the cost and uncertain outcome of
treatment and the possibility of its quick replaest(sexual maturity at four months).

In completely closed buildings the control of migia contamination should include the
maintenance of walls, ceilings and especially fo@amp or dusty floors are a permanent
source of air pollution.

Early slaughterEarly slaughter (10 to 12 weeks) of animals forkaais also a form of
preventive hygiene. Many diseases take severallmdatdevelop before becoming
contagious, especially in small or farm rabbitries.

Human factorPeople are the most dangerous permanent vectlisedse. They can bring in
contaminants from the outside and so should waahhlands before entering and don
footgear and a smock which always remain insidedbbitry. Only a human being can
palpate a doe suffering from mastitis and thenesyatically go on to infect all the mammary
glands of the females to be palpated that day.nGteads are extremely important, especially
when handling animals and distributing feed andder

Preventive medicings control parasitic diseases also help to mairadiealthy environment.
Many parasites undermine the animals' state otthealhout causing directly perceptible
losses and pave the way for a great variety ottidas. However, the systematic use of
antibiotics as a preventive measure is definiteyrecommended. The abuse of antiparasitic
drugs, especially of sulpha drugs, does far morstithan good. All drugs, at a certain dose,
are poisons and must be used with caution.

Disinfecting. The literature covers this topic extensively, ls® following will be brief.
Disinfecting the rabbitry should be a routine mattellowing some simple rules regarding
cleanliness, dryness and disinfection. Dirty equéptrcannot be disinfected. It must be
washed first or, if water is short, carefully sedmnd brushed. It must then be thoroughly
dried as a first step towards disinfecting equipmirshould not be forgotten in this context
that sun-drying well-cleaned equipment for sevdegls is a simple, cost-free and very
efficient means of disinfecting. The only precorafis are a storage area off limits to
domestic animals and a reserve supply of extrgpegemt so that cleaning and disinfecting
time will not cut into production time. In indusdtiproduction, pressurized steam-cleaning
equipment is indispensable.

Occasional measure: sanitary isolation

No matter what precautions are taken, after one,awthree years health problems will
become less and less easy to control. Imperceppbdguctivity will decrease despite an
increase in hygiene and care and in the experiefites breeder. This has to do with the
buildup of bacterial contamination in the rabbitrgupled with the irreversible presence of
harmful micro-flora and microfauna in the animals.

Sanitary isolation becomes essential at this péithtabbits in the affected section of the
rabbitry must be culled. All equipment must be oksd repaired and disinfected. After this is
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done the area must be left vacant for some time ¢ortwo weeks) before introducing new
rabbits. Some small farm rabbitries have two presiighich they alternate every year. This is
a kind of one-year sanitary isolation which hasvprbvery effective.
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Rabbit photos

1 New Zealand White rabbifFoto
Saleil)

2 Bouscat Giant White rabbifFoto Saleil)
Vo W
D7y

e s o
3 French Belier rabbit(Foto Saleil) 4 Californian rabbit (Foto Saleil)

6 French Giant aiIIon rabbitFoto Saleil)

5 Dutch Belted rabbit (Foto Saleil)
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9 Creole (Guadéloupe) rabbi(§otb‘
Lebas)

- - B -

10A "family package” of bucks and
breeding does supplied by a Mexican
programme(Foto Lebas)
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11 Wooden hutches with mesh floors arranged in atatorey system (Guadeloup@oto
Lebas)

1 ';'-_1 - M i : - |
12 Open drinkers supplied semi-automatically fronfitied bucket (Guadeloupgoto
Lebas)
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13 Fattening éages built entirely in wire mesh, pkd outside in superimposed rows
(France) (Foto Lebas)

14 Cages arranged in a plastic greenhouse, protéatéth a reed lattice (FranceFoto
Lebas)
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5 Exterior of

the same greenhouse‘, photographeavinter (Foto Tudela)
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16 Fattening cages for rabbits in a greenhouse wéttmakeshift floor(Foto Saleil INRA)
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17 ltalian system for arrangement of fattening cag@-oto Lebas)
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18 Mesh cages arranged by the Californian systemaffice) (Foto Lebas)
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20 Cages for the collection and transbort of rakdto the abattoir (HungaryjFoto Lebas)
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22 Rabbitry in Cameroon. Recycling cages for layingns in a semi-Californian
arrangement(Foto Solambe)

23 Health-care room at the Solambé Demonstratiorrﬁ?Yaoundé, Camerooffoto
Solambe)
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24 Rabbitry with semi-underground caes: Bveraléw'(Foto Finzi)
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25 Rabbitry with semi-underground cages: urifoto Finzi)
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26 Faeces from rabbits receiving feed with a nornpabportion of roughage, slightly
deficient and deficient in roughage but without didnoea (Foto Colin)
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Chapter 6
HOUSING AND EQUIPMENT

Biological considerations

The design of rabbit housing is governed by theabiglural characteristics of the animals and
their reactions to environmental temperature anditiiy.

Rabbit behaviour

Some kinds of behaviour have already been analpsthis book and others have been
mentioned briefly. They all have an influence oblihousing so they will be summarized at
this point. Since the domestication of the ralsbiteicent in terms of species evolution (200 to
300 generations at most) the behaviour of the doenebbit is still much like that of the

wild rabbit. The reactions of wild rabbits will eft provide explanations for the problems of
housing domestic rabbits and suggest ways of splviam.

Territorial behaviour. Wild rabbits live in sedentary fashion in a terit the size of which
depends on the conditions of food supply. They niaek territory, their fellows and their
offspring with the aid of a gland found in hairlfcles under the chin. The bucks also mark
off their territory with their urine. The rabbitsgdourrows in which they take shelter at the
slightest sign of warning. There they live in acisby". Before parturition, however, the doe
digs a special burrow where her young are bornvérete she returns once a day to nurse
them.

This is why domestic rabbits should have durabi@dj quarters, providing either a refuge
from disturbances or a peaceful environment thdtesa refuge unnecessary. Any new and
sudden change (noise, presence, smell) will makdrgt rabbit in the group to notice the
disquieting novelty thump his hind foot to warn feows of danger. To prevent panic in the
rabbitry the breeder should take care that chatiggsnight upset the animals are avoided.

When a rabbit is put in a new cage he will expibend then mark it with his smell. The
more strange odours there are in the cage theddhigaask will take.

The burrow is not only a refuge in case of aléiis also a rest area during the day, as rabbits
are mostly nocturnal. Temperature and humidityfarenore constant in the burrow than
outside.

Social behaviourWild rabbits live in colonies in which females number males. Each
female, with or without offspring, attacks the ygusf other does. Bucks act as moderators at
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this stage. When the young males reach pubertyeberyvthe adult males try to eliminate
them as rivals by castrating them.

The method used in rational European rabbit prodnidd prevent such conflicts is to isolate
each adult rabbit in an individual cage. Beforegrt\ young rabbits can be reared in groups.
Attempts to rear breeding animals in groups arendda fail because the does are so
aggressive towards the young, especially whennheas' living space is cramped. Females
without young can be reared in groups provided éactale has at least half a square metre
of space for herself.

Sexual behaviourOvulation in the does is brought on by mating Gkapter 3,
Reproduction), so one might expect mating to baipteson a quasi-permanent basis. In fact,
does do have a behavioural cycle of acceptandeeahtle but unfortunately this varies
greatly from one doe to the next. Attempts at s@mgi often have to be repeated, which
means the animals must be moved about a great deal.

The buck is so very territorial that when he is ijpué female's cage his first act is to mark this
new territory with his smell, while the doe tri@sdliminate the intruder. But if a doe is put in
a buck's cage the immediate reaction of both asimadexual. For a receptive doe
preparation for mating takes 20 to 120 secondstlamdct itself less than a second. For
servicing, therefore, it is the doe that shouldrtma’ed. This is relatively easy because does
are calmer and weigh less than bucks (3 to 6 kyg)ntating to be supervised, the animals
need to be visible in all parts of the cage. Acteshe buck’s cage should be simple so that
the does can be easily introduced and removed.

With this kind of mating, people have to move thexals physically within the rabbitry and
this will influence the planning of the generalday of the unit to limit the distances to be
covered. The rather unsatisfactory results obtam#dspecial cages reserved for mating
should be mentioned. Many males waste a lot of timaeking a mating cage that is
impregnated with the smell of their predecessad,the cage is also a possible site for the
spread of diseases.

Maternal behaviour Before kindling, the doe makes a nest with varimagerials plus fur

that she pulls from her abdomen. The wild doe's iserade at the end of the private burrow
she digs for kindling. The domestic rabbit doesumitally have the opportunity to do this, so
a private area should be set apart for her. In fabitries using straw litter the doe might be
satisfied to dig into the straw to make a nest. @aotlucers have noticed that it is preferable
to provide her with a nest box that approximatesrtatural burrow.

A box like this is useful in a farm rabbitry andsestial in wire cage production. After the
young are born (six to 12 per litter), the doe eparthem once every 24 hours for about a
month. To allow the motor coordination and heattagon capacity of the baby rabbits to
develop, the nesting box should be maintainedtftgast two weeks. It should be big enough
to accommodate the doe and her litter during ngrsin
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Feeding behaviourLaboratory research has shown that rabbits wiikdand eat at any time
in the 24 hours, although they tend to feed noetlynintake is rather slow, even if the
animals' feed is rationed. Feed and water shoelcttbre be available over periods of several
hours, whether feed is rationed or ad lib. The f@edt not be allowed to get dirty, which is
inevitable if it is strewn on the ground (see Cleapt, Pathology).

From the age of three weeks young rabbits begeatehe same feed as the doe. Their small
size allows them to slip easily into forage racksly feed hoppers, so this equipment must
be designed to keep them out.

Practically speaking, these features mean thairgeder must provide a drinker and feeding
rack for each cage, and perhaps a fodder rackafimeal must be able to reach the feeders
and fodder racks, as must the caretaker to top thefrequently. An automatic or semi-
automatic drinker is easy to make, however. Thesstcaints mean that solid feed
distributors are almost always placed in frontheff tages, which can easily hinder visibility
and accessibility.

Hygiene, habitat and breeds

There would be no point in reiterating here all thies of hygiene dealt with in other chapters,
particularly preventive hygiene. However, the desafjithe rabbitry will be heavily
influenced by some of these rules.

One of the major rabbit diseases in traditionallsstale production using straw litter is
coccidiosis. Contamination is via oocysts elimidateth the faeces. Breeders have cut the
incidence of this disease by using wire-mesh flalorsugh which the excrement drops.

The wire-mesh flooring system, combined more rdgenith single, portable,
interchangeable cages, has led to considerablega®@ disinfecting equipment. Some
diseases have been cut down or even wholly elimthd&ut not all rabbit breeds can adapt to
this type of flooring. Heavy or nervous breedspamticular, are subject to sore hocks, a
bacterial infection developing on the foot pads antated by the wire mesh (too much
weight per crf). The risk is greater when the animals are raiis@hvironments with high
temperatures (31° to 32°C), or very high humidayr(stant relative humidity above 85
percent), or when the rabbits are frequently ustifeiss and thus thump their hind feet on the
ground to warn the other rabbits of impending dangamesh floor also cannot be insulated,
and rabbits are more liable to respiratory ailmémag flow is not controlled.

Breeders therefore have to make a decision: ditlegrrear New Zealand White or
Californian breeds, which have been adapted to rfi@sting, and thus meet modern hygiene
standards, or else they rear heavier or more dteitaeeds - but then how do they control
coccidiosis and other diseases?

As well as these hygiene-linked problems thereo#irer advantages and disadvantages with

both mesh floors and traditional straw litter. Wéttmesh floor, through which droppings can
fall, automated or very infrequent cleaning is [laesbecause droppings accumulate under
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the cage). But it also makes the rabbits very dégeinon the microclimate or ventilation in
the rabbitry. Straw litter, on the other hand, teabe cleaned often (at least once a week) so
the producer has to have the material on handy(stvaod shavings, etc.). An advantage is
that a cage with a straw litter floor can be pmadt anywhere, as the cage itself partly
insulates the animals from variations in the exakdimate.

In Europe today most new production units use goléle-mesh cages and New Zealand
White or Californian rabbits. But this implies dgiwithout the genetic pool of other breeds.
Would it not be possible to design other typedaifring, recognizing that slatted floors have
never been very satisfactory? Whatever the ansaremany developing countries the wire-
mesh cage will probably remain a theoretical sotufor many years to come, until the
special mesh necessary is made available to proglateeasonable prices.

Environment

Temperature.Temperature is the most important factor as édly affects a number of
elements. Rabbits have a constant internal (reeadperature so heat production and losses
must vary to maintain body temperature (Table #By do this by modifying their feed
intake level (regulating production), as descrilvethe chapter on nutrition. They use three
devices to modify heat loss: general body positimeathing rate and peripheral temperature,
especially ear temperature (Table 49).

If the ambient temperature is low (below 10°C) éimémals curl up to minimize the total area
losing heat and lower their ear temperature. Ilftémeperature is high (above 25° to 30°C),
the animals stretch out so they can lose as muathdsepossible by radiation and convection,
and step up their ear temperature. The ears funiikie a car radiator. The efficiency of the
cooling system depends on the air speed arounahingal. At the same time the animal pants
to increase heat loss through evaporation of witent heat). The sweat glands are not
functional in rabbits and the only controlled meahkatent heat evacuation is by altering the
breathing rate. Perspiration (the evacuation oewdirough skin) is never great because of
the fur.

TABLE 49 Exportation of heat, rectal temperature ard ear temperature in adult New
Zealand White rabbits, according to ambient temperéure

Ambient Total release of Release of latent tem;B)g(rzglture templ)ze?;ture
temperature (°C) | heat (\W/kg) heat (W/kg) °C) °C)
5 5.3+0.93 0.54 +0.16 39.3+0.3 9.6+1.0
10 45+0.84 0.57 +0.15 39.2+0.2 14.1+0.8
15 3.7+0.78 0.58 +0.17 39.1+£0.1 18.7 £ 0.6
20 3.5+0.76 0.79 £0.22 39.0+0.3 23.2+£0.9
25 3.2+0.32 1.01+0.23 39.1+04 30.2+2.5
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30 3.1+0.35 1.26 £0.38 39.1+£0.3 37.2+£0.7
35 3.7+0.35 2.00 £0.38 40.5+0.8 39.4 +0.47
Source:Gonzales, Kluger and Hardy, 1971.

These systems work between 0° and 30°C but wheieatrtemperatures reach (and mainly
when they exceed) 35°C rabbits can no longer régtheir internal temperature and
hyperthermia sets in.

The regulation methods described above, based ssnadtions of adult animals, are
applicable to young rabbits from the age of abo& month, when they can move about and
feed themselves and the juvenile coat has growat i¢gulation of newborn rabbits is
somewhat different: they have no fur and cannateotlly adjust their food intake as the doe's
milk output is the result of an involuntary reaatidt birth they have rather good fat reserves
which help them maintain body temperature if twadiGons are met. The surrounding
temperature must be at least 28°C (30° to 32°@sEjble), and they must have other young
to huddle against to reduce heat loss.

At birth, young rabbits cannot modify their bodyapke by curling up. The only way they can
limit heat loss through convection and radiatiotoituddle together with the other young in
the litter. In fact, if ambient temperature varigging the day the young rabbits will move
apart when the temperature is high and huddle tuggkher when it goes down. But a sudden
temperature drop may well exhaust their thermowmgn potential before they can get back
in the huddle and they can die of cold 10 cm awagnfthe group. The new-born rabbit is
blind and the incomplete myelinization of the narssystem that governs motor control
hampers coordinated movement. The producer must swale the temperature in the nest
remains constant to prevent this sort of accident.

Humidity. Rabbits are sensitive to very low humidity (bel8%percent) but not to very high
humidity. This may be explained by the fact thatwabbits spend much of their lives in
underground burrows with a humidity level near satian point (100 percent).

The rabbit has more to fear from abrupt changésimidity. Constant humidity is therefore
the best solution, and this will depend on the hraudesign. French breeders find 60 to 65
percent humidity levels successful, using only baryi heating in winter.

While the humidity level does not seem to trouble itabbit in moderate temperatures, this is
not so with temperature extremes.

When the temperature is too high (close to theitalody temperature) and humidity is also
high, not much latent heat can be exported as wafaur through evaporation. The result is
discomfort which can be followed by prostration.rifot spells with near 100 percent
humidity can cause serious problems. Unfortunatesyis common in tropical climates
during the rainy season.

175



When the temperature is too low and humidity ckosgaturation point, water condenses on
poorly insulated walls, especially at so-calleddteridges”. Water is a good heat conductor
and so the cold becomes more penetrating, causaigdss in the animals through
convection and conduction. Digestive and respiyadiisorders often follow. When the
surrounding air is cold, excess humidity modifies secretion and viscosity of the mucus
protecting the upper respiratory apparatus.

Air which is too dry (below 60 percent relative hidity) and too hot is even more dangerous.
Not only does it upset the secretion of mucus hatensuing evaporation shrinks the size of
the droplets carrying infection agents, enabliregrho penetrate more easily the respiratory
apparatus.

Ventilation. The rabbitry must have a certain minimum of vetitin to evacuate the harmful
gases given off by the rabbits (g(to renew the oxygen and get rid of excess hugnidi
(evaporation, exhalation) and excess heat givehyothe rabbits.

Ventilation needs can vary enormously, dependipg@&ally on climate, cage type and
population density. Ventilation standards for tenape climates based on several French
studies are given in Table 50. This table combthessarious parameters (temperature, air
flow, humidity) to determine optimum air flow peg lof rabbit live weight. If there is an
imbalance, especially between air flow and tempeeataccidents like those illustrated in
Figure 24 occur.

It is relatively easy and cheap to measure temperand humidity, but exact air flow
measurement requires sophisticated, expensivestbaget equipment such as a hot-wire
anemometer (a revolving-cup anemometer is not sem&nough). However, the producer
can estimate the rate of air flow near rabbits &imgia candle flame, as shown in Figure 25.

High ammonia air levels, 20 to 30 parts per milljppm), greatly weaken the rabbits' upper
respiratory tract and open the door to bacteria siscpasteurella and bordetella. To keep NH
levels down, ventilation can be increased. Theiggken overventilation, with all the
negative consequences illustrated in Figure 24.ofeneffective solution is to limit NH
production from fermenting floor litter (droppingad urine) by removing the litter quickly or
keeping it dry. The maximum permissible Nebntent in the air rabbits breathe is 5 ppm.

Lighting

Few studies have been made on the influence dfdigabbits, and these are almost
exclusively concerned with the duration of lightiagd seldom with light intensity.
Furthermore, practical recommendations on lightirgbased more on observations in
rabbitries than on experimental findings.

Exposure to light for eight out of 24 hours favospermatogenesis and sexual activity in

bucks. Conversely, exposure for 14 to 16 hoursydalsours female sexual activity and
fertilization. In rational European production lteeding animals of both sexes get 16 hours
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of light. The slight drop in male sexual activisyamply compensated by good female
reproduction rates (acceptance of the male aniiZation).

TABLE 50 Ventilation standards in France for enclogd rabbitries

Temperature (°C) Humidity (%) Air speed (m/sec)Air flow (m %h/kg live weight)

12-15 60-65 0.10-0.15 1-1.5
16-18 70-75 0.15-0.20 2-2.5
19-22 75-80 0.20-0.30 3-3.5
23-25 80 0.30-0.40 3.5-4

Source:Morisse, 1981.

Performance is more constant in windowless ralasitwith artificial lighting than in

rabbitries which supplement sunlight by artifidighting. Twenty-four-hour light trials
caused reproduction disturbances in rabbits. tefoee seems best to limit the duration to 16
hours.

Observations from different rabbitries indicatettheeeding does need considerable
luminosity, at least 30 to 40 lux. In fact, mangéders who light their premises for 16 hours
a day but not uniformly find that the does recaivihe least light have the worst reproduction
performance. When light distribution is made unifipreproduction performance picks up.

In European rabbitries lighting is provided by indascent lamps or fluorescent tubes (neon
daylight type). The latter provide the necessaxydtia lower energy cost than incandescent
lamps, but their installation cost is much highear flat-deck units the power consumption is
3 to 5 watts per square metre with light sourceatied no more than three metres from the
animals.

Very young rabbits do not really need light, butt@3.6 hours per day do no harm. Twenty-
four-hour lighting, however, can cause disturbanwgesh are hard to explain, such as
diarrhoea unrelated to changes in the rate of ¢amadty. So breeders use either sunlight (in
rabbitries with windows) or artificial lighting fasne or two hours a day to satisfy the young
rabbits' needs, at a set time so as not to distaebotrophic behaviour. A much weaker light
(5 to 10 lux) can be used for young rabbits.

Rabbitry equipment
Equipment in direct contact with the rabbits oriitexcrement becomes contaminated by the
bacteria, viruses and fungi that accompany the alsinCages, fittings and building walls

must be designed so they can be easily cleanedfetited or replaced and not in turn
become sources of contamination.
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Portable components which can be cleaned outsedeatibitry building are especially
recommended. Away from the rabbits stronger cleaagents and more effective methods
can be used - powerful disinfectants, lengthy st@kbrolonged exposure to the sun's rays.

Some materials are easier to disinfect than otNéemd is very hard to clean, but it can be
periodically replaced in countries where it is pieh Plywood can be disinfected by steeping
it in disinfectant solutions. Galvanized iron isg#o clean and disinfect but, unlike wood, is
a poor insulator. Concrete, provided it is smoo#n be cleaned and disinfected, but portable
concrete installations are virtually ruled out bgit weight. Glazed earthenware can be used
for some accessories (troughs, or even nest boxes).

FIGURE 24 Effect of air speed (V) and temperatur&°j on health of rabbits
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FIGURE 25 Estimating air flow with a candle flame
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TABLE 51 Brightness of various types of lighting

Lighting Electric power (wattage) Luminosity (lux)

Incandescer 25 250
40 490
60 829
Fluorescent 20/32 750
25/32 1140
40/32 1880

Source:Yamani, 1992.
Caging

Cages (hutches) with straw littemraditional European rabbitries use straw litféis

material can be replaced by any other dry fibrawslpct which is not rough to the touch (soft
shavings, hay, industrial cotton waste and so Dim@.cages are either of concrete (lasting 15
to 30 years) or wood (lasting not more than twage&ages for breeding animals usually
have at least a 60 to 70 cm x 80 to 100 cm floacs@mnd are 50 to 60 cm high. Identical
cages are often used for fattening five or six gprabbits (to 2.5 to 2.8 kg). The litter should
be replaced weekly to control parasitism.

A variation called "deep litter" is used in slighthller cages. The floor is covered with a bed
(minimum thickness 15 to 20 cm) of absorbent maké€turf, wood shavings) evenly covered
with straw. Every six or seven weeks the wholedborbing layer plus accumulated straw,
has to be replaced. This system saves labour amiclg and has the advantage of the comfort
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provided by the straw, but it does use a great aie@bsorbent material so it is only
applicable where this material is both readily kalde and cheap.

Cages without litterIn some regions rabbits are raised on litterless$ (hard earth or
wooden planking). The hygienic conditions are neallvays deplorable (uncontrolled local
humidity favouring parasitism), despite daily clegan This system is not recommended
because of the health risks involved. The only ptioa is desert or subdesert regions, such
as southern Tunisia, where humidity is not a prnoble

The solution to the problem of changing litter bagn to separate the animal from its
excrement as soon as this is dropped. The rabitased above the ground on a wire-mesh
or slatted floor. Wire-mesh floors should be théztough not to injure the pads of the rabbits'
feet (diameter 2.4 mm, minimum 2 mm); the mesh khbea wide enough to let the

droppings fall through (diameter 1 to 1.3 cm, adowg to feed) but narrow enough to prevent
the feet getting caught in the mesh.

There are good commercial meshes available in Eubpese measure, for example, 25 x 13
mm, 76 x 13 mm or 19 x 19 mm. To avoid injury te thbbits' feet the wire is welded and
then galvanized. Plastic mesh is impractical bezaasplastic material can withstand the
animals' gnawing.

Various kinds of slats have been tried: wood, bambtastic and metal, but the individual
slats of the structure have to be spaced aboubIL.H cm apart so droppings can fall through.
Problems of comfort (slippery slats) and hygienat@rials which cannot be disinfected) are
unfortunately very common. Wherever possible, wiesh is preferable to slats. If slats are
used instead of mesh, bamboo should be preferr@dad if possible. For heavy breeding
animals, metal or inflexible plastic slats haverbdeveloped by French rabbit equipment
manufacturers. While the results are satisfacttwy cost is unhappily much higher than that
of wire mesh.

Only lightweight, calm animals or specially selecteeeds (New Zealand White, Califorian)
can be raised entirely on wire-mesh floors. Protkiofien compromise by raising the male
and female breeding animals on litter and the ffiattgstock on mesh floors. The breeding
animals of heavy breeds can be reared on slatiedsfand the young on wire mesh; but
slatted floors must be cleaned more frequently.

The dimensions of breeding cages without litteduse~rance are shown in Table 52 (floor
generally of wire mesh but sometimes of metal asft slats). As may be seen by comparing
these figures with the dimensions given earlierciges using litter, the mesh floor makes it
possible to reduce the area of the breeding c&ge¢se same time the animal density per
square metre (fattening animals) can be increas@@ to 18 on a mesh floor compared with
ten on litter. This is because excrement is imntetlialiminated, cutting the risk of parasite
contamination. Densities exceeding 16 rabbits geage metre can reduce growth in 2.3 to
2.4 kg fattening rabbits (Table 53).
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Cage system<£age systems vary in accessibility, supervisiah@mfort for the animals, as
well as in convenience of waste removal. Straweditiages will be examined first. These are
either single level (cages with wooden or plyworahfework) or built on several levels
(concrete cages, with watertight floor beneathvstitier). The principle is generally the same.
Access is by a door in the front of the cage, Ugumahde of mesh, or hardwood latticework
that must be replaced fairly often. The other wia#lge no openings. They must be built in
such a way that the rabbits cannot gnaw them. Biralnnot chew on a flat wall but will
slowly but surely gnaw away any protruding parthef cage. Some examples of proper wood
construction are given in Figure 26. Obviouslywobds can be gnawed more easily than
hardwoods.

Litter removal can be made more efficient if tharrevalls of the cages are designed to swing
out, as shown in Figure 27. The cages in the itdisins were built for a colony of French
Angora rabbits (which have to be reared on litted,can be used by any rabbitry using litter,
whether the cages are of concrete, as in Figurera¥pod.

For cages without litter, mainly cages with wireaidloors, the structure is usually in metal
or wood (the latter out of reach of the rabbitsth¢. Walls are usually entirely in wire mesh,
but this is not obligatory. There are four mainteyss: flat-deck, Californian, inclined-slope
battery and compact battery. Figure 28 illustrétesfour systems. All have been used in
European rational production, which means that neperfect. However, producers prefer
the flat-deck system because it has the lowesitrdbhsity, thus alleviating the problems
which arise when many animals are reared in theedaniding. The main characteristics of
each system are described below.

Flat-deck.In this system the cages are all on one levely Tiseially open at the top. They can
be suspended by chains or set on feet or low wEb&r litter drops into pits (ranging in
depth from 20 cm to 1.5 m). Shallow pits are cldataily or every two or three days and
deep pits every one to three years. The advantddks flat-deck system are:

e convenient supervision and handling of animals;
e long life for the material used;

e animal and producer comfort;

¢ no elaborate ventilation system required.

TABLE 52 Cage sizes for breeding animals in Franc@n centimetres)

Front Depth Height
Doe's cage with Inner nest box 65-7®0 30
Doe's cage with outer nest box 50-6G0 30
Buck's cage 40 50 30
Cage for future breeding animal30 50 30
Source:Fort and Martin, 1981.
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TABLE 53 Influence of animal density on fattening abbits

Number of rabbits permm | 18.7  15.6/ 12.5
Live weight at 77 day&y) |2 15@ 2327 2384
Average weight gaifg/day) 32.C° 36.7 36.5
Average feed intak@g/day) | 111°* 122 122
Intake index 3.35/3.39" 3.36

Note: a, b: on the same lingyo values not having the same index letter diffensicantly,
to the threshold P = 0.05.

Source:Martin, 1982.

The main drawback is the low animal concentratiengguare metre of building, which
increases the investment per animal housed ddbpilew-cost cages. However, flat-decks
are recommended for nurseries. They could alssbd for fattening, but at a higher
investment cost per cage. This is usually the typg of housing in European production
units now being established or enlarged.

California cage.n this system the cages are staggered, one dglogrithan the other but not
above it. The cages on the lower level open atdp@and those on the upper level at the front
(poorer access). Floor litter drops beneath thesagd is collected as in the flat-deck system.
Advantages of the California system are:

e same advantages as the flat-deck with regardrtlaton;
e slight increase in animal density per square nadtiriilding.

Drawbacks:

e access to upper cages and supervision difficult;
e frame more expensive than flat-deck.

Inclined-slope batteryThe cages are placed one above the other. Waste down
ferrocement or metal panels into troughs from whids removed manually with scrapers or
with running water. Cages obviously open at thatfrddvantages of the inclined slope are:

e higher animal density;
e reasonable cost, although more expensive thaudlek.

Drawbacks:

e N0 matter what material is used for the panelsosr steeply they slant, waste does not drop
properly and must be periodically raked down;
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e high animal density demands careful ventilation;
e access to the cages, supervision and handlirtgeadrtimals is more difficult.

Compact batteriesVaste can be removed by conveyor belt or vatdeanstalled beneath
the cages and emptied by cable-operated scraparaié@hor electric).

FIGURE 26 Examples of correct and incorrect cagesasbly, fostering good hygiene and
resistancea)
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FIGURE 26 Examples of correct and incorrect cagesambly, fostering good hygiene and
resistance(b)
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FIGURE 26 Examples of correct and incorrect cagesambly, fostering good hygiene and
resistance(c)

YES jfﬂpamng

! “
Wire Wl -~} ; Support
; 1
H\ﬁi {ﬂ stiffenes
Q“ ' y j {optional)
Wire floor

Note: a = wooden cage with litter, b = wooden cage wuite floor; ¢ = suspended wire cage.

As with the inclined-slope battery, the cages nops&n from the front. The advantage of this
system is that the maximum density of animals redwosts per animal housed.
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Drawbacks:

e as for the inclined-slope battery regarding vatith, access to cages, supervision and
handling of animals;

e quicker wear and tear on materials;

¢ with automatic scraping there is the risk of boeakn and harmful gases from the scrapers;
e poor distribution of light for breeding does.

Compact batteries have virtually been abandoneddwseries in rational European rabbitries.
Watering

A permanent dispenser of clean water is an es$é@rtiain each cage, wherever rabbits are
not fed green forage alone. Using old cans or glagsirthenware pots as drinkers can create
a hygiene problem. Rabbits tend to soil their wagspecially if they are reared on straw litter.
The drinkers should be fastened so that the rabariaot overturn them and so that the

breeder can easily clean and refill them once areh\a day.

FIGURE 27 Swinging rear wall in concrete hutch fovaste remova(a)

FIGURE 27 Swinging rear wall in concrete hutch fovaste remova(b)
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Note: a = front view (note forage rack, here shared by tages); b = rear view.
Source:Thébault, Rougeot and Bonnet, 1981.

FIGURE 28 Four systems for using wire cagés)

FIGURE 28 Four systems for using wire cagés)
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FIGURE 28 Four systems for using wire cagéd)

Cabtle-
opeicted
scraperor  H

mmoving belfy H

Note: a = flat-deck; b = Californian; ¢ = inclined-slopattery; d = compact battery.

One possible improvement is an inverted water-daltinker. A bottle is inverted over a

small trough (Figure 29), which is small enoughdstrict pollution. The bottle is big so that

it needs to be refilled less often and the breedersee at a glance whether the animals' water
intake is normal.

The best solution is an automatic drinker in evaage (Figure 30). The open drinker
guarantees that the rabbits will be watered histexpensive and there is a high risk of water
pollution. A nipple drinker requires some learnomgthe part of the rabbits and wastes water.
Even if there is no leak, the rabbits do not datkhe water that drips out. This can then wet
litter or waste. The cost, however, is usually liaft of an automatic open drinker. Above all,
it ensures that the rabbits will always have chater. A nipple drinker is the only kind that
can be used if the rabbits are fed meal.
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FIGURE 29 Inverted water-bottle drinker
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Automatic drinkers are fed by water from a low-gtge tank 50 to 150 cm above cage level.
This tank can be used to administer medicine viéwtater. It is usually filled either by

water under pressure (automatic watering) or may(sg¢mi-automatic watering). The tank
must be in the shade so that the water will not, ivelsich would be bad for the rabbits.
Further solutions are seen in Figure 31.

Feed troughs and racks

Cages should be fitted with troughs (feed hoppargrfain or pellets, small troughs for feed
mashes) or forage racks, or both, depending onthewabbits are to be fed. Troughs must be
easy to clean and disinfect, so they should bectetde.

Figure 32 shows a hopper for grain or pelleted .fédedughs and racks should be easy to fill
from outside the cage without having to open theess door, but the feed must be protected
from bad weather and predators. The racks shouttidtdeast one day's ration, the hoppers
enough for two or three days, and the mash troagdisgle ration.

The bars of the rack should be strong enough tiestahd the rabbits' teeth and keep out the
young rabbits, who like to lie on the forage but 8oThe feed hopper should also have a trap
to keep the young out. The width between partitiorthe feed box should be about 7 to 8 cm
for medium breeds. The bars of the racks can be losely spaced (1 to 2 cm) to prevent
waste.
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The nest box

The nest box should be considered one of the mgsdrtant items of equipment in rabbit
production. It directly affects the viability oféhyoung in the preweaning stage, which is the
high-risk mortality period (15 to 40 percent ofdborn rabbits). The job of the nest box is to
reproduce conditions in the burrow of a wild doe amotect the young against attacks from
the outside environment so that they can get thrahg first few difficult days of life in
optimal comfort. To do this the nest box must:

e allow the doe to kindle and nurse her young in footn
e keep the young in a healthy, clean environment;
¢ prevent dampness from the animals' urine;

e keep the young together in cold weather and lelptmaintain a constant temperature
close to 30° to 35°C in the middle of the nest;

e in hot weather, allow the doe to scatter the seghat the young can adapt to the
temperature;

e keep the young from leaving the nest too earlyraadle it easy for them to get back if they
do get out;

e allow the producer to monitor the litter, removey @ead animals, introduce baby rabbits to
be fostered and change bedding material easilhowitdisturbing the doe and the young.

FIGURE 30 Automatic drinkergOpen drinker)
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FIGURE 30 Automatic drinkergNipple drinker)

Source:Finzi and Amici, 1992.
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FIGURE 32 Feed hopper (a)

FIGURE 32 Feed hopper (b)

Pelioted teed or grain

The nest box is strongly advised for rabbitriesgstraw litter; it is essential in modern
production. The box most recommended to meet tleggerements, especially the doe's
comfort when kindling and nursing, is a rectangplaralleled pipe at least 50 x 25 x 25 cm.
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If there is a dividing panel to keep the young tbge at least 30 x 30 cm must be left on that
side so that the mother can nurse them in confagufe 33).

The nest box should be made from materials thangvessible to gnaw, easy to disinfect,
insulating and resistant to moisture. In a welltedaabbitry or a warm climate, galvanized
iron can be used if some other material such asqag, wood or plastic is used for the
bottom. Untreated wood, fibreboard, plywood or ptagre frequently used in Europe. They
insulate better than metals, but except for plastcnot always easy to disinfect.

To comply with the habits of the doe and her yowargl to make the breeder's work easier,
the box should have the following features:

e the bottom should be hollowed so that the youmghzaddle together when the temperature
drops, but it should also favour their dispersidrew the temperature rises;

e the bottom should be non-skid, to prevent disiocadf the young bones ("swimming");

e access for the doe should be opposite the seutiloing the young so that she will not
crush them when entering the nest box suddenly;

e the access hole for the dam should be fairly mareguare or round, and about 15 cm
across;

e the bottom of the box should be designed to allawe to run off. It can be perforated or a
space 1to 1.5 cm wide can be left between the #ad the sides of the box. Another
alternative is straw sandwiched between two lagérsesh;

e the bottom should be detachable so that the whteeor of the box can be cleaned;
e the top should have a trapdoor so that the bressdeeasily observe and check the rabbits;
e there should be a sufficiently high ledge, levéhvhe doe's access hole, to keep the young

from leaving the box too early (before day 15).éven better solution is to install the box
below the level of the cage floors so that the ésloan get back easily.
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FIGURE 33 Design for a nest box

Note: In hot dimates the top of the box can be mada of wire mesh.

The doe needs materials in addition to her owridumake a good nest. Clean straw or soft,
untreated wood chips are suitable and dried grassebe used. Cellulose cottonwool must
never be used.

The nest box can be placed inside or outside the. dhit is outside it can be fastened to the
side of the cage or preferably to the front, to enmispection easier.

Buildings
In temperate climates

In countries with temperate or cool climates, ré&bhre reared in buildings that are more or
less closed in order to ensure year-round produclicaditional rabbit production in Europe
and North America used to be outdoors in hutchdsla® animals stopped breeding from the
end of summer until early spring. More regular agrenonstop production has been made
possible by putting the cages indoors.

Temperature and lighting can be controlled to th&tanimals. Now the use of wire-mesh
cages makes the rabbits more susceptible to theetature and air flow in their environment
and these cannot be controlled fully except insidilding. Even so, if the rabbits are reared
in semi-open, fairly unprotected environments sascreasingly the case for fattening rabbits
in Europe, the temperature and ventilation starglerdable 50 are no longer applicable.
Animals raised outside are more tolerant of weatheations than indoor rabbits.
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In Europe, breeding rabbits are usually rearetbiorflevel wire-mesh cages, and European
rabbits are thus increasingly reared inside cldmeldings, with controlled ventilation,
artificial lighting, winter heating and possiblymmer cooling. Such solutions are costly and
the producer needs substantial initial capitaldode all his or her animals.

In France, for example, the total outlay (buildingging, other equipment) is figured in terms
of the "mother-cage”. This reference unit corresisaio the total investment necessary for
housing does, bucks, fattening young and futuredses, divided by the number of does. In
France the outlay per mother-cage correspondsteatue of the young rabbits produced by
the mother-cage in about 12 to 18 months.

Technically speaking, the buildings are like thased for battery chickens, with similar
insulation, heating, ventilation and lighting. T$tandards for rabbit production, described at
the beginning of this chapter, are, of coursegdht, but for the rest the rabbit breeder can
make convenient use of descriptions of buildingsgled for chickens. The many instances
of old stables, barns and similar buildings beiogwerted for rabbitries is worth mentioning.
Some work is usually needed: sometimes insulatiearly always ventilation, even for flat-
deck systems. Unlike compact batteries, the flakdgystem does not need a very long
building, and can therefore usually be installedny existing construction.

In constant hot climates

In countries where the climate is hot but fairlypstant (mean minima and maxima between
20° and 30°C) closed buildings are not really neapgs All that is needed is to protect the
rabbits against the weather. If the cages are ofvaw concrete (solid walls) it may be
enough to roof each hutch, as shown in Figure 3dboAshould keep off rain and also heat
from direct sunlight. The hutches can also be plaseler trees big enough to shade them all
day long. A roof should overhang enough to keepwnatit on rainy, windy days. The
hutches should face away from the prevailing winds.

Wire-mesh cages can be grouped under a commoraiimgutoof. This system, illustrated in
Figure 35, was first tried in California. It is i&diictory provided the roofs overhang far
enough at the sides to protect the animals prop&rhedge or fence around the roof structure
is useful in protecting the rabbits from strong @gnpand from predators.

In variable hot climates

In such climates the rabbits must be reared egthéitter in hutches out in the open, or in
cages placed inside a building which will servedmiffer against the heat. Very satisfactory
results have been obtained in Burkina Faso witldimgs constructed with local palmyra
(Borassus aethiopiumynd a straw roof. The temperature in a building tikis is more
constant than in a more costly one made with coagerpend.

At the Irapuato National Rabbit Centre in Mexicolic buildings are generally left open in

the front during the day and at night the shutéeesclosed to offset the drop in outside
temperature. A daily temperature range of 20°@rmaron in the region. These shutters also
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make it possible to ventilate the interior durihg tlaytime; they can be opened to suit the
wind direction and regulated to respect the aiwfiiandards mentioned at the start of this
chapter.

In some dry tropical regions of Africa where woadscarce, producers have made
satisfactory housing by building small round hutsimbaked earth bricks covered with straw,
used for both cage and housing. Litter changirgften quite a problem with this sort of
construction, however. The floor should slope dligand be off the ground. Parasitism can
be partially controlled by demolishing the hut gvgear and rebuilding it a few metres away.
Such housing is thus only suitable for backyarditailes in which labour is not a problem.

FIGURE 34 Outdoor wooden cage
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Note Obperve insulated roof o protect the ceblnts from the heat, feed hopper (1) and forage rack (2} on the side of the hutch
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FIGURE 35 Wire-mesh cages under a common roof

Predators

The problem of predators differs greatly from regio region. The first step is to build cages
sturdy enough to withstand the rabbits themselwesttae numerous dogs and cats found in
many villages. The rabbitry should be fenced tgkeet children and large predators such as
dogs. This also helps provide the quiet surrourgithgt rabbits require. According to needs,
the building or complex of cages making up the iaplshould be fenced with wire netting, a
living thorn hedge or sturdy pickets.

Rats, mice and other rodents are also dangerodatprs as they attack the young and carry
diseases. Any rats in the rabbitry should firsekierminated, then the legs of the cages and
the poles holding up the roof can be fitted withglates or cones at a height that will prevent
rats from climbing them. Wire-mesh or concrete sagye more effective in keeping out rats
than are wooden ones.

These pests can sometimes get into the feed radiagppers. Where such a risk exists the
openings of these accessories have to be protexigdecause a mother rabbit does not
usually guard her young as a dog or even a mothevould do. Snake control, in countries
where this is a problem, is a far more difficultttea Breeders get used to paying a certain
toll to snakes. Fortunately, this is a small petage of the rabbits.

Apart from the danger of predators, the risk ofspecmust also be considered. If the cages
and buildings are not properly closed the rablats get out: either during handling
operations or if the rabbitry is attacked by dogstber large animals. A well-made outer
fence usually ensures that the escaped rabbitsecagcaptured quickly. If they do get away,
they may well be irremediably lost.
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There is no risk that escaped domestic rabbitsasipt to living wild and multiply, as they
did in Australia and New Zealand. In almost evethyeo country, escaped domestic rabbits
have been unable to adapt to the wild. There am@genous predators of animals the size of
rabbits (dog and cat families, birds of prey), whsoon destroy them. The only risk is on
certain islands where potential predators do rretdly exist, as was the case in Australia in
the last century.

Unconventional housing

The usual techniques for cages and buildings knovgive reliable results in all climates
have been described so far. This does not rulethet practical solutions, some examples of
which are given below.

Underground rabbitries

In the southern parts of Tunisia and Algeria, bezedraditionally rear rabbits in a dry "well"
1.5 to 2 m deep (Finzi, Tani and Scappini, 1988geBers first dig the well and then lower
the rabbits who will breed a colony, building bwmoat the bottom of the well. These are
used by does as nests, reflecting wild rabbit wsrarhe breeder simply throws down fodder,
which can occasion significant waste. In more elatgorabbitries, the breeder digs a sloping
tunnel from the bottom up to ground level whereniterges into a small pen. The feed is set
in the pen and the rabbits come for it at will @ibpat night). A trapdoor in a corner of the
pen allows the rabbits to be caught. Of coursesyssem can only work in countries where it
hardly ever rains and the ground remains dry dawh% to 2 m. Another drawback is
uncontrolled breeding and the breeder may easilytaia totally unproductive rabbits for
long periods. Predator control is virtually impdsias well, particularly for rats.

Finzi (1992) describes another underground pegroup rearing, the result of field
observations and experiments, shown in Figure ®®e the simple predator control and
rabbit shelter concepts.

Cage rearing

A system of cages using broad cement channelsd@ 8n wide) laid horizontally has been
described in Spain by Contera (1991). The rablviésdn a wire-mesh floor slightly narrower
than the channels, and the droppings fall intocttennel. The cage/shelters are
conventionally equipped. In the hottest hours ohser, systematically sprinkling the outer
walls of the channels cools the temperature condpaitn the outside, the water evaporating
through the fairly porous cement of the channels.

Another heatproof device was described by De LaaadrFinzi (1992): a system of dual-
zone cages. Outside is the conventional wire-magk with the feed racks and inside an
"area" of equal volume buried beneath a layer ioktbarth but accessible to the breeder
through a trap, with the two connected by a 20 ibmoéement tube (Figure 37). These
authors have reconstituted a living area for tlefiéng or nursery rabbit(s) in the cage that
resembles the living space of wild rabbits. During hot hours of the day, or when there is a
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disturbance (or to kindle), the rabbits stay undargd. When hungry or thirsty, they move
into the wire-mesh cage. Experience has showrtlieanimals always use the outside as a
latrine area. The technical results obtained bgalaithors in one year indicate a productivity
wholly comparable with conventional closed reaiimgages, but at lower cost. No
information is available on the labour requiredtold the system.

FIGURE 36 Rational enclosure for rabbitries

Note: a = tope of druzns 1o protect the fobt of the palisade; b = top of the palisade built to keep predators out of pen; ¢ = trees
to provide and perhaps fodder leaves; d = cabbit catching area; & = nest box accessible to breeder; | = feed rack;
g = haystack used as shelter.

Uses for waste

In every type of rabbit production unit the produleas to remove the excrement and waste
from the rabbitry (straw litter and droppings whyale up under cages). These can be put to
good use on the farm. The amounts and composifiaraste vary according to housing and
feeding conditions.

Rabbits eating balanced concentrate feeds andirarsenesh floors produce about 25 to 400
g of faeces and 0.5 to 0.8 litre of urine per mpttegge a day, depending on production
intensivity. This waste is much richer in nutrietitan ordinary farm manure (Table 54). In
fact, farm manure contains only 0.4 to 0.6 percémiach of the main fertilizer components:
N, P,Os and KO.
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The composition of the waste varies with the typeabbit (Table 55). A comparison of the

figures in Tables 54 and 55 shows a greater riskitoogen and phosphorus losses during
storage than for other elements.

The average composition of the manure of rabbégseckon litter depends partly on the kind
of feed but mostly on the kind and amount of litised. If well preserved, the waste collected
weekly will contain the nutrients in the faeces;tjmd those in the urine and those in the litter.
Fertilizer "production” is therefore at least eqimathat in a rabbitry not using litter.

FIGURE 37 Two-zone cage: wire-mesh (at left) andderground (at right). The breeder
has access through the corrugated top laid over timelerground area

TABLE 54 Average composition of excrement collectednder wire-mesh cages of
rabbits receiving balanced concentrates (percentage

Breakdown of crude From Varenne, Rivé and Veigneau, ' From Franchet,
product 1963 1979
Dry matter 40-50 24-28
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Total minerals 14-18 5-11
Nitrogen 0.8-2.0 0.7-1.0
P,Os 1-3.7 0.9-1.8
K.O 0.2-1.3 0.5-1.0
CaO 0.9-34 0.4-2.0
pH 7.2-9.7 8.1-8.8

Source:Varenne, Rivé and Veigneau, 1963; Franchet, 1979.

TABLE 55 Quantities and composition of excrement ppduced by different categories of
rabbit

Content of fresh product (%)

Origin Weight produced per day (Q)

N POs KO @ CaO
Faeces
Fattening youn 40-50 15-1.725 05 04-15%
Nursing doe 150-200 1.2-1.%-7  1-15 2-3
Resting adult 70-80 1.2-12-4 05 04-1.5
Urine
Fattening youn: 80-110 1-1.3/0.05/0.8-1.2 0.4-0.6
Nursing doe 250-300 1-1.30.02 0.7-0.8 0.15
Resting adult 100 1-1.30.08 0.9-1.2/0.6-0.7

Source:Lebas, 1977.
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Chapter 7
RABBITRY MANAGEMENT

Questions of management are discussed in varigts gfahis book. This chapter brings

these different aspects together. The technicakandomic criteria presented apply primarily
to rational rabbitries of a certain size (at l€é#¥tloes). The rules of technical management are
the same for smaller units, but the economic véesbre different. The objective of small-
scale units is not to make the greatest possibifit pout to achieve satisfactory productivity
with a low-input system using local resources adily labour.

The production cycle

As ovulation in does is induced by mating and #radles are generally kept in different
cages from the males, it is the breeder who detesrthe reproduction rate of the unit. These
rates vary from one or two litters a year underrtizst extensive management to eight to ten
litters in an intensive management system. In mnali&uropean rabbitries does are remated
either immediately after kindling (intensive sysjamn about ten days later (semi-intensive).
European backyard rabbitries use a more extengsters, presenting the doe to the buck one
or two months after kindling. Young does are fpstsented for mating at four to seven
months, depending on the breed (lighter breedssually more precocious) and, especially,
on the diet.

In the semi-intensive system illustrated in FigB8g the does are first presented to the buck at
four and a half months. They are then mated 1@tdays after the birth of each litter.
Weaning takes place at 30 to 35, or even 37 toay8.dvlany European breeders (France,
Italy, Spain) used to practise the intensive systeating does within 48 hours of kindling

and weaning the young at 26 to 28 days. This, hewegquires very good feeding and a
producer with a fairly high level of expertise amds gradually abandoned during the 1980s.

Extensive systems are characterized by a long delayeen kindling and mating, and
perhaps even until weaning. For example, the yooag be weaned at 56 days and the doe
mated after weaning. This system is still practiseBlrance in farm rabbitries, where
breeding does are fed fodder and grain.

At weaning the young are separated from the doe.dlnation of fattening varies, depending
on the carcass weight required and the growthpadsible in the feeding and production
conditions of the rabbitry.

In intensive European production, where weaningggkace at one month, the fattening

period is seven weeks. The rabbits weigh 2.3 tkg.dive weight) when they are ready for
the market. Some African breeding units where wegatakes place at two months are
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reported to need a four-month fattening periodabee balanced feeds are not available.
European and North American countries which mar&kiebits at live weights of 1.7 to 1.8 kg
use a different system. The young are not weanely @re left with their doe up to the age of
two months, when they are sold. The mother is rechtitree weeks before that. This system
can produce five or six litters a year. In Spamyhver, at a highly comparable sales weight
of 1.8 to 2 kg live weight, rabbits are weanedtaiud one month, then fattened for only one
month more. These breeders are actually usingaiime-istensive reproduction rate to obtain
a great many kindlings and hence more rabbits peredch year.

FIGURE 38 Production cycle of the domestic rabbit
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Reproduction

Mating. Servicing is always done in the buck's cage. Teeder checks the doe's health at
this time to make sure she has no respiratory déspsore hocks, etc., or that she is not too
thin. A red vulva is a promising but not infallibdggn (80 to 90 percent chance of mating
success). A buck can fertilize a doe with a whitkva, but the success rate is only 10 to 20
percent. When the doe has accepted mounting artmuttkehas serviced her the breeder
removes the doe and puts her back in her own édpgether this should not take more than
five minutes.

While the doe is being handled the producer cary @t any treatment necessary - anti-
mange, for example. If the doe refuses to matebtéeder can try to present her to another
buck, as a last resort leaving her for 24 houthénbuck's cage but then cannot be sure that
mating has taken place. It is better to mate tlmals in the morning or evening, to avoid the
hottest hours of the day. Some breeders in Frarazige double mating. This means that the
doe is mated twice in succession at intervals dbllb minutes, either by the same male or
by two different males. A similar technique is ¢éave the female in the male's cage for 15 to
20 minutes after mating has first taken place. €teshniques allow a slight increase in the
percentage of pregnant does (4 to 6 percent, rgugrtie drawback, however, is that it
considerably increases the number of matings p& amal in this system no male can be
mated to more than two females each week withayigedizing the outcome through over
exploitation of the buck.
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In intensive breeding one buck can serve seveight does. In the extensive system one
buck can serve 10 to 15 does. The buck, howeveuldmot be used more than three or four
days a week, and not more than two or three tintgs/awhich means no more than six
ejaculations per week. So even if there are omly, ®n does in the unit, there should be at
least two bucks so that successful mating is npédeéent on one buck alone. When the size
of the unit permits (at least 50 does), one oregerve bucks are kept. If a balanced pelleted
feed is used the bucks should be fed from 120 @odliBer day, depending on their weight.

The first mating of medium-size, properly fed dteses place around four months. Bucks are
first mated at about five months. If production ditions are not optimum the first mating

will be delayed until the animals reach 80 pera#riheir adult weight. There is no advantage
in delaying it further. The breeder should cargfslipervise the first mating. For the first
month the young buck should not be mated as oEemadult.

Determining pregnancyThe only effective way of determining pregnancyoisietect the
embryos in the doe's uterus by palpating the abdoiftes operation should be carried out
between 10 and 14 days after mating. It is notcéffe if performed earlier (before the ninth
day), while after the 14th day the operation isembelicate and there is a risk of provoking
abortion. The breeder must palpate the doe gentyeapertly in order not to cause an
abortion.

If palpation shows the doe to be empty she is ptegeto the buck again as soon as possible,
if the breeder mates the animals every day in thekwBut if the breeder practises group
rearing or cycling (paced by the week), he or shier@present the doe to the buck (or use
artificial insemination) two to three weeks aftee ihon-productive mating. If the rabbits are
merely raised as a group, however, with all dogk@production unit at the exact same stage
of reproduction (in this case only artificial insesation is used), an empty doe will simply be
marked for the appropriate feeding (and perhapsihgyfor her situation. She will be
reinseminated only with the other does in the petida unit. Presentation of the doe to the
buck as a test of pregnancy is pointless, thoughlalgerous. Indeed, a large proportion of
pregnant does accept mating and some empty daeserédor is doe live weight an

indication of pregnancy, because weight fluctuaidapend on too many factors.

Preparations for kindling (supervision, nest bdxarging bedding material, etc.) should be
made for all the mated does from the 27th to th 88y after mating if they have not been
palpated, but where palpation has been practigpdady the preparations are restricted to
does found to be pregnant.

A pregnant doe that is not nursing a litter willfagioned if the breeder uses pelleted feed.
The daily ration for medium-size does will be abdb0 g (35 to 40 g/kg live weight). If the
doe is nursing a litter at the same time she veilfdd ad lib.

Kindling. Kindling should take place in quiet, hygienic sumdings. The breeder's presence

is not required, but the nests should be checkast@s as possible after kindling. This
operation is easy and there is no risk to the yolirean be performed right after kindling,
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provided the mother is removed. The breeder shaumutbve any dead animals and any foetal
sacs the doe has not eaten.

A nursing doe needs considerable nutrition and fiteertime of parturition she should be fed
ad lib. Drinking-water is very important in the dalgading up to and following parturition.
The doe will nurse her young once a day, usualthénearly morning.

The mortality rate between birth and weaning i Isigh (15 to 20 percent today in European
rabbitries). A mortality figure of less than 10 pent is very difficult to achieve. Therefore
the nests have to be inspected daily and any daathls removed. Strict preventive hygiene
is more important than ever at this period.

Fostering The breeder may decide it is necessary to elimieatess newborn rabbits in a
large litter, or they may be fostered to a smaittar, if certain rules are respected:

e no more than three or four young rabbits shoulditen to a foster mother;

¢ the maximum age difference between the fostesditier and the fostered young should be
48 hours;

o fostering should take place within three daysionéling.

Where a production unit is big enough, and pardidylwhere the breeder practises group
rearing, systematic fostering is recommended teeaelrequal litter size. The ideal size for
withdrawal/fostering is average litter size at kind (or somewhat smaller if there is a
feeding problem). Where there are too many youbbitathe chances of survival are poor
and, if young rabbits are to be culled, the liglaees should be chosen.

Weaning During the weaning period the young gradually gipemilk for solid feed.
Weaning is also the time when the breeder sepataesung from the doe. The breeder
may opt for one of the two following weaning methodll rabbits in the litter are withdrawn
at the same time and placed six to eight per aagjeei area set aside for fattening.
Alternatively, the doe may be removed from the cagg the young rabbits left, a method
which reduces postweaning stress for the youngtsabbt does necessitate the right
production equipment. Management must be geargrbtg rearing. If the young rabbits are
moved (still the more common system), the caged brisery clean and the litters should be
kept together, if possible, for uniformity. Theeaaltative is same-age cages (maximum age
difference one week) with all rabbits put in thgedhe same day. Rabbits soon establish a
social hierarchy in the cage and any new introduncs a source of conflict. During the
transfer operation the breeder checks the healifieofoung rabbits, culling any that are
undersized or sick.

Weaning can take place when the rabbit's live waimgts 500 g (after approximately 26 to 30

days in rational European production). The youripita begin to eat solid feed at 18 to 20
days and at 30 days the doe's milk provides no tiare 20 percent of the daily dry-matter
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intake. Practically speaking, young rabbits berfediin late weaning until the age of six
weeks. Depending on the rate of reproduction choseaning should take place no later than
two or three days before the doe's next kindling: 28 days for postpartum fecundation to 38
to 39 days for fecundation taking place 11 daysrdfindling (42-day rate).

Stock reduction and renewal of breeding do€mne of the apparent drawbacks of intensive
reproduction is the rapid turnover of breeding ktddonthly culling rates of 8 to 10 percent
are not uncommon. In fact, where reproductiontisrisive the breeder soon learns the value
of each doe and can thus keep the best. The wtaber of rabbits produced by each doe
during her working life is fairly independent oftnate of reproduction imposed by the
breeder. Whatever the reproduction and the mostiolgk renewal rates, to avoid having
empty cages in the nursery there should be a aunstserve of does available that are ready
for mating.

The breeder has several means of renewing breddes The most practical solution,
applicable to both pure breeds and "ordinary" sais to select the best young from the best
does. To avoid inbreeding, the bucks and evenalee dhould be obtained from another
breeder (selector). If production is intensive, pheducer can buy breeding animals from a
selection programme of specialized strains forstoeeding - the system of stock renewal to
follow will be advised by the supplier.

Renewal mainly takes the following two forms:

e The introduction of male or female breeding ansrial direct replacement of does or bucks
which have been culled or died. These are calladetgal renewal stock” (the direct parents
of rabbits intended for sale).

e The introduction of grandparents. Here, the pateabbits are born within the breeding
establishment, the progeny of bucks and does @iammplementary lines which live and
produce in the same establishment and have a egsplace in it. These grandparent rabbits
are in turn replaced by rabbits direct from thestbn centre, but in much smaller numbers
than needed for the direct renewal of parental atsim

Whatever the genetic type of rabbits brought intoéstablishment for the renewal of
breeding stock, they should be brought in at &/faarly age. INRA's research shows the best
solution to be day-old rabbits. This method, pregbis 1987, was soon adopted by French
breeders. The future breeding rabbits are immdglitdstered by does with good maternal
aptitude in the establishment. The young rabbiggpathuch better than those introduced at
the age of eight to 11 weeks, and particularly fmonths or older. The rabbits nurse only
once in 24 hours, leaving an entire day for thainsfer from the selection centre to the
rabbitry. This has even been extended to 36 howuaidw the day-long and problem-free
transfer of rabbits from the west coast of the ebhibtates to France.
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Fattening and slaughter

During the weaning-to-slaughter growth period tiehit should always be fed ad lib. If the
breeder uses balanced concentrates, the averdgea@sumption will be 100 to 130 g for
medium-size animals. In good conditions the rabhilisgain 30 to 40 g a day, which means
an intake of 3 to 3.5 kg feed will produce a 1 kingn live weight. Young fattening rabbits
can also be fed cereals and fodder, with or withletsupplement of a suitable concentrate.

During this period mortality should be very lownlp a fraction of the fattening stock - but it
is often far higher. Preventive hygiene (cleanutiginfecting) is essential in the fattening
station, but the breeder is often inclined to gsglattention to this area than to the nursery.

The animals are sold alive or as carcasses. Rabistd in rational production systems are
sold at about 70 to 90 days at weights of 2.35d8.for strains such as the New Zealand
White and Californian. In extensive production syss with less well-balanced feeding the
rabbits may be sold much later (four to six monthaximum). Fattening animals that have
passed the usual age for sale can form a resemevihich the breeder can draw for home
consumption or stock renewal. In farm rabbitrieg, mortality risk from accidents, epidemics
and so forth is still high and any delay in theulag slaughtering age for whatever reason,
such as keeping the rabbits alive for gradual hoomsumption, can end in disaster, with the
death of all the animals. The higher the mortatitye during fattening, the more the breeder
will tend to shorten the length of this productmmase.

If rabbits are to be kept beyond three months tlek$ must either be put in individual cages
or castrated, so that they can continue to be galeared. The females may remain in groups,
but will need more cage space than they did befoee months. Castration is a simple
operation, though it usually requires two peopée(srief description in Figure 39).

Breeders may wish to slaughter their own animéat& flecessary installations are relatively

expensive if the proper standards of hygiene andexvation (cold storage, etc.) are to be
respected. Staff who will work only a few hours perek are also needed.

Handling rabbits

Rabbits should be handled gently. They shouldftetllby their ears as little as possible.
Several techniques can be used to pick them upalddhem.

207



FIGURE 39 Castration of young male rabbit
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The rabbit is helid on its back o the lap of an assistant (2) who holds both legs on the same pide in sach hand. The

{1) presses the rabbit’s belly from front terbaek fo make the testicle appear. Using & razor, he makes a deep indsion, cutting
the skin of the pouch and also the testicle. At this moment, by a reflex movemen, the testicle comes out. It now remains
onity to cet the “threads” fixing it bo the abdomen. Next disinfect with iodine, There is no need 4o stitch the wound aa it
heals in fve or six days. Bleeding to amy extent is very rare. However, for rabbits of four months and over it i best to cragh
the thresds rather than cut them. There are castrating pincers which crush the threads, eliminating the need for an incision.
Source: Lissot, 1974,

A rabbit can always be picked up by the skin oftihek (Figure 40). For animals weighing
under one kilogram, one method is to pick themngb@arry them by the saddle just above
the hindquarters, using thumb and index fingeryfégtl). If the animals are heavier it is
best to take them by the skin of the back, butefithave to be transported or shifted for more
than five or ten seconds they must either be supgaovith the other hand (Figure 42) or be
carried on the forearm with the head in the benithefelbow (Figure 43).

If an animal struggles and the producer feels maa@&control it, it is best just to drop it so it

will fall on all fours and then pick it up againreectly within two or three seconds. If the
breeder keeps his hold on a struggling rabbit$lesrsome nasty scratches and can even break
the rabbit's backbone.
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Organizing and managing a rabbitry

First operation: identification

Identification can be made in two ways: by indivatgiand by cages. The first method is
necessary for all producers who intend to seldwt. §econd is important for the economic

management of the rabbitry.

FIGURE 40 Correct way to pick up a rabbit
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FIGURE 41 Holding a young rabbit head down

The animoal ks grasped by the hack at the haunches.

Individual identification. Each animal is assigned a number. This numberappkar on all
documents concerning the rabbit and on the ratsalfi There are three main ways of
identifying rabbits on a lasting basis; not all agually good:

e rings: a numbered ring is attached to the hindusgabove the hock. Risk of losing the ring
is high;

e clips: numbered clips are attached to the rabédt's. These clips are made of metal or
plastic and risk of loss is again high;

e tattooing: small holes are punched in the rabbdlisspelling out numbers or letters and
these are filled by rubbing in a special ink. A Mrabhde tattoo lasts throughout the rabbit's
lifetime. Although this method takes longer, ith& only one that is really sure. It can be
done at weaning using special rabbit pincers, caduit rabbits with sheep pincers (Figure
44).

Cage identification The management unit of a rabbitry is the mothgecdll the cages in

the nursery section should be numbered and thieifgure that will appear on the records.
This method is much easier than individual idecsifion so it is used in rabbitries which keep
records but do not breed for selection purposes.
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An identification system is essential even in smathbitries. It will form the basis of the
technical records that will serve for both the arigation of the work and the economic
management of the rabbitry.

Technical records and organization of work

In the nursery.This unit will occupy most of the producer's atien. A daily record book is
essential in almost every kind of production. rgaEuropean production units, most of this
information is now computerized. The producer noteschief operations simply and clearly:

e mating days for each doe, indicating sire (usecherk buck fertility);
e outcome of palpation, where performed;

e numerical size of each litter at birth;

e numerical size of each litter at weaning.

FIGURE 42 Carrying a large rabbit, supporting itsihdquarters
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FIGURE 43 Technique of carryig a rabbit on the forearm(Calm animal)
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FIGURE 44 Using a clipper with movable numbers to tattoo tigentification number on a
rabbit's ear

Naote: 1 = operator’s hands, 2 = assistant’s hand.

The young does selected for replacement are idesht weaning.

This list is far from complete. Litter weight at arng could be added, for instance. If the
producer uses balanced feeds the amounts fed mutisery will be entered to compute the
average feeding cost per weaned rabbit. This immportant item in calculating net profit. A
similar entry would be equally helpful for othepgs of feeding, but these are far more
difficult to estimate.

The record book system is often inadequate. Oneowement is a doe card hooked to each
cage, for calculating individual doe productivifihe example shown in Figure 45
summarizes the items of information just listed othrer useful addition is a buck card
(Figure 46).

The next step is to put the data together to getvanview of the unit for efficient
organization of the work. This is essential in aalybitry with more than a few dozen does.

Planning pigeonholes (Figure 47) offer a virtuddiglproof way of monitoring all events in
the nursery. Assuming that does are remated ardsliire weaned no later than one month
after kindling, the system involves a large boxtwdur horizontal rows of 31 compartments.
Each corresponds to a day of the month. The finstis for matings, the second for
pregnancy checks (palpation), the third for bidhs the last for weanings. If weaning takes
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place between one and two months, which is commeaxtensive production, there will be
two rows for weaning, for even months and odd menth

FIGURE 45 Example of a doe card
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Every morning the producer sees in the work booltwiperations are to be carried out. As
each is completed, the card of the doe concerneved into the pigeonhole corresponding
to the next operation and the day for which itdsexluled.

In a rabbitry where mating takes place ten dayer &ihdling and rabbits are weaned at 35
days, the doe record could be as follows: supguseade is mated on the third day of an odd
month. Her card is then placed in the palpation. fblavs operation is performed on the 16th
of the same month (+13 days). If the result istpasithe doe card is placed in the kindling
row under the second day of the following monthxdays). If it is negative, her card will go
back to the mating row. After kindling the doe cegtlrns to the mating row under the 12th
day of the same month (+10 days). At the same tanoayd with the doe's individual and cage
numbers will be placed in the weaning row, in spacé the second, odd month (+35 days).

There are other planning systems. The importangtis to use one system consistently.
Computerized individual performance records canlmomthese parameters and list the daily
operations to follow in line with the managementd®lcadopted by each breeder, listing the
history of each breeding animal.
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Scheduling several matings, a few palpations aeadviraning of several litters all for the
same day adds up to a lot of wasted time. Usingekly work plan one person working eight
hours a day can manage 250 to 300 does. Tabledsbagample of such a work plan.
Scheduled matings (Thursdays and especially Frjdagan other activities can be grouped
(weaning on Tuesdays, palpation on Wednesdays).

FIGURE 46 Example of a buck card

Dote M N‘n? P HL | Dals M No-g P HL | Date M Nng HL

No. of male

= P " Py P & a PR Y

Mo. of coge

Breed

Date of birth

N P B Y P P T e B Wai;;t:ﬂmlsf.|

moting |

NOTES:

Note: M = mating, ' = outcome of palpaticn, NL. = number of eabbits born live.
Some activities such as nest supervision and fgddime to be carried out every day.

With this method batches of litters at weaning@dose to the same age. It also sets the time
for activities the producer always tends to posgpauch as recording data and carrying out
preventive hygiene measures.

This weekly management plan, used for nearly 3@sydws expanded into age-group rearing
or cycling as described above. At first all rablotshe same age were grouped in the same
part of the rabbitry (hence the term age groupxtN@eeders kept same-age rabbits only in
the same rearing unit. Each unit was cleaned asinfdcted after the rabbits were sold or put
in a newly cleaned unit. This means breeding do@gemegularly from one unit to another at
each weaning (hence the term cycling).
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Age-group rearing quickly led to rabbit productiomits organized into just three age groups
at intervals of two weeks or two age groups atrvidks of three weeks, with a semi-intensive
"42-day" rate of reproduction in both instances] fatundation by natural mating or artificial
insemination. In the last two or three years, sttadean and French breeders have been
working with a single age group: all does in the@kkshment are fecundated on the same day
by artificial insemination only once every 42 days.

These different management techniques have bas@adlved to reduce the amount of
labour per rabbit, even though productivity per &emis not as high as is theoretically
possible.

Fattening recordsHere again the daily record book is essential.lltlist the first and last
fattening days (sale or slaughter) of the animaksach cage, any mortality and the apparent
causes. Live weight when sold and the number ahalsi marketed weekly could also be
added. In large-scale operations, production chedlkbe done by batches (a batch is a
group of rabbits weaned the same week). The baitbewthe core reference point of all
technical data.

FIGURE 47 Diagram of planning pigeonholes
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-
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G ghven doay

Note: See text for explanation of card mavement.

If the breeder uses balanced concentrates he avikliecord the amount of feed eaten by
fattening rabbits. Feed conversion efficiency @hsount of feed needed to produce a weight
gain of 1 kg) is a sound economic criterion. If freducer wants to breed stock for selection
purposes a litter card is used listing the weamiegyht and date, the weight and date at sale
or slaughter and the individual identification nuenof each rabbit.
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Working hours In a rational production structure under Europgduction conditions,
some 12 to 20 working hours per week per 100 dusgsare actually producing is the rule.
Same-age rearing in a well-organized establishiwemeven reduce this to under ten hours.
Indicatively, listed below are average working tsyper week in 1991 in a group of 18
rabbitries in southeastern France, each for 100ywmiog does and their progeny (GELRA,
1991).

e Mating + palpation 2h 28 min

e Checking nests + fostering + weanij 40 min

e Feeding 2 h 20 min

e Cleaning 4 h

e Monitoring + treatments 1 h 40 min

e Clean-out 40 min

e Sales 50 min

e Management 40 min

e Other 35 min
Weekly total 16 hours

TABLE 56 Example of weekly work plan

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Numbering kindlings X X
and first check

Weaning young and X
initial selection of

future breeding

animals

Culling sick and X X
unproductive females

Filling in doe cards X

Second selection of X
future breeding
animals at 70 days

Cleaning equipment X X
and building

Health inspection of X X
animals and nest
boxes

Palpating does mated X
two weeks earlier
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Mating of females X XX
that kindled the

previous week and

does empty when

palpated

Setting up nest boxes X

Filling In buck cards X

Routine activities XX XX XX XX XX XX X

(supervision, feeding)
Note: x = operation to be performed on day marked.

Some production targets

Table 57 shows the performance records since 1B8&ected French rabbitries monitored
under technico/economic management. It covers thare 1100 production units for the last
year. The parameters change little from one yetramext.

The main productivity criterion is the number obgeny per breeding doe per year. The
average here is 46 young rabbits for the year 198kingly, the range of performance
around this mean is great: in the 275 most prodectnits (the top quarter), the output was
58.7 young rabbits sold per doe. The yearly reneatal of does of 131 percent means that in
order to maintain 100 breeding females year-roa8d,new does must be introduced each
year, i.e. the average productive life of a dgess over nine months (365 days + 1.31 = 279
days) between the first mating and withdrawal @uibr dead).

Basically, the average production per doe dependh®theoretical breeding rate set by the
breeder (in France the doe is presented to the agihé to ten days after kindling), the ratio
of kindlings to mating (73.3 percent in 1992) ditsize at birth, and the survival rate of
newborn rabbits.

TABLE 57 Annual production performance in France from 1983 to 1992 in rabbitries
monitored under technico-economic management

198%/1985/1987/1989 1991 1992

Number of rabbitries 404488 661 543 922 1101
Number of does per production uni48 174 196 216 241 256
Percentage of annual renewal 14157 | 155 1144 1135 131
Kindlings/mating 68 69 70 72 72 73
Kindlings per doe per year 74 74 75 74 72 7.2
Total newborn in litter 83 86 86 87 90 91
Birth-weaning mortality, 21.324.3/22.0/19.4 19.4 19.1
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of which stillborn 74, 7.0 6.4 59 55 55

Mortality at weaning/sale 1492.4 12.5/13.7/12.7 12.9
Number weaned per doe per year 4884.0 50.1/52.2 52.1/52.9
Number sold per doe per year 414P2.1 43.8/45.0 45.546.0
Average live weight at sal&g) 2.33/2.34 2.30/2.34/2.34 2.36
kg of feed/kg of sale weight 4.34.224.18 4.13 3.97 3.95

Source:Koehl, 1993.

A further 25 percent of these rabbits are lost teegale. Technically, the range is also great
here, with the best breeders selling a little ®&@&percent of their liveborn rabbits.

Economically, the consumption index is a major itémder French conditions, feed
accounts for over 50 percent of all production goisicluding labour. In 1991 for the first
time, breeders spent a little over 4 kg feed talpoe 1 kg of rabbit for sale, including the
feed consumed by rabbits sold, breeding does, barwtseplacement breeding animals. In
different economic conditions the portion of fe@stcprice may vary, but it is always the
major expense item.

Various external agencies (research or developagmricies, private firms) may collect
weekly data on production performance and evaligg@arameters for the purpose of
helping breeders collect and analyse these tedturiteria, keeping the breeder abreast of
performance at all times. Computer programs caniggedhe same information at the
production-unit level, but regular comparisons vather rabbitries will highlight weak points
for the breeder.

Economic management

As with keeping technical records, not all prodsdeave the same needs in economic
management, which mainly concerns those whose pearnigdo make the maximum profit.

There is a great deal of variation in this areasURe depend on the expertise of the breeder
and his or her economic situation, so there ismath point in giving absolute figures.

Table 58 shows the relative importance of the waricost items for a group of 18 French
breeders followed in 1991. Figures are given irc@etage of turnover.
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TABLE 58 Cost schedules in French production unit@s a percentage of annual
turnover: averages and values for the upper and loer thirds of rabbitries classified by
doe productivity

Lower third /Average Upper third

Number of progeny per doe per year 37.0 45.5 54.3
Feed 56.4 52.0 49.8
Energy + water 4.0 3.7 3.7
Health 3.3 3,9 3.0
Breeding animals 2.1 2.8 2.7
Total operational costs 65.8 62.4 59.2
Write-off and financial costs 9.6 8.0 5.9
Social costs 2.4 2.2 1.8
Insurance and miscellaneous 3.2 4.9 4.1
Total structural charges 15.2 15.1 11.8
Labour (= net margin) 19.1 22.5 29.0

SourcesGELRA, 1992; Koehl, 1992.

TABLE 59 Influence of various factors on income o& French production unit

Factor Variation Improvement
Absolute Relative (%) Relative income increaséo)
Fertility (%) +5 +6.8 +14.6
Number born per litter +1 +11.1 +35.7
Birth-weaning mortality(%) -5 -25.8 +17.6
Mortality during fattenind%o) -5 -394 +17.6
Feed consumption per rabbit sold -1kg -10.8 126
Feed purchase pri¢eF/100 kg) -10 FF -6.2 +12.9
Rabbit sale pricéFF/kg live weight) + 1 FF +74 +324

Note: These results reflect French conditions. The warfactors are interlinked and cannot,
therefore, be added. Figures are indicative.

SourcesGELRA, 1992; Koehl, 1992.
To indicate variability, figures are also given the six least-productive rabbitries (37
progeny per doe per year) and the six most prodeictibbitries (over 54 progeny per doe per

year). A major expense item, as stated, is feedhases. Depending on productivity, the
share of turnover used to pay wages ranges frota 29 percent, even though the rabbitries
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in the study lie in the same French region andfars economically comparable in terms of
feed purchase price and rabbit sale price.

As always, the higher the level of investment thesater the unit productivity needed to write
off these debts. Productivity should be expres#béreas unit of investment or as working
time, depending on which is the main local conatrai

Table 59 looks at the influence of various produtfiactors on income. The findings are
indicative and valid in French conditions for pratan levels close to those in Table 57.

Among the financial factors, sensitivity to salé&ps for rabbit meat is very high. In these
circumstances it is easy to see the advantageeadtdiales.

Improvement in overall production has a substamalact on producer income. Careful

selection of genetic type will increase profitsibgreasing litter size under specific breeding
conditions.
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Chapter 8
PRODUCTION OF RABBIT SKINS AND
HAIR FOR TEXTILES

Meat is definitely the main goal of rabbit prodocti Two by-products are usually also
recovered from the skin: the pelt and the shorn kaih no particular production constraint.

Angora rabbits, however, are produced solely fertthir. The only way the producer can be
sure of quality hair is to apply a very specificthwdology quite different from that used in
meat-rabbit production.

The same can be said for the production of qupklys from special strains such as the Rex.
The appropriate techniques, intended primarilylitam a good pelt, make meat a by-product
of the skin. Bearing in mind the special vocabulasgd in the fur industry, this chapter
includes a small glossary to help the reader viighdefinition of some specialized terms.

Rabbit skins: A by-product of meat

Rabbit fur production is not comparable with thedarction of other fur species. Mink, which
tops the list of species bred essentially foruts $upplies a world total of about 25 million to
35 million pelts a year whereas rabbit pelts ateneded at one billion. In France alone
annual rabbit skin production tops 70 million.

Few skins are now retrieved from slaughterhousesy: are simply thrown away. Those that
are used fall into three categories: fur peltdi@ssing, pelts for shorn hair (hair removed
from skin) and skins for use as fertilizer.

Origin of the by-product

Intensive meat-rabbit production techniques in [garare usually incompatible with
production standards for quality fur pelts. In fabe raw skin represents only a small
percentage of the value of the living animal. Tmae and more frequently rabbits are
slaughtered at an age or time of year when theitsdoave not fully developed. This is
usually at 10 to 12 weeks when they still haverdant coat or are beginning the subadult
moult. These thin, unstable coats are not suitablairs.

The only season when the adult coat is stable anmbgeneous is winter. This is true of any
animal over six months of age. The rest of the yleare are always moult areas of greater or
lesser size, so the coat is uneven and the hadatiBrmly attached to the skin. Some summer
coats can be homogeneous, especially those oftsahlhi have completed the subadult moult,
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but the rabbits must be at least five months ol Summer coat is also thinner than the
winter coat.

This rather inflexible growth cycle and seasonaraes in the coat make simultaneous fur
and meat production a problem and so fur can amhgtitute a by-product, especially in
intensive production. However, no research has deee on moulting patterns in subtropical
countries; the figures given here only really applyemperate regions.

The only quality skins are from adult rabbits, the trend in modern rabbit production is to
slaughter young, reducing the proportion of adkihs In extensive production, rabbits are
slaughtered at four to six months and this is ttumBon in many tropical countries.
Therefore, quality skins could be produced in theits assuming the proper skinning and
preserving technigues were used.

Sorting and grading pelts

Sorting. In an unsorted batch of rabbit skins valuable pets be found side by side with
useless waste, so sorting and grading should be @oearly as possible. Sorting, the first
operation, determines the future use of the slkkimsSare sorted into three grades:

e Pelts for dressindthe term "dressing” instead of "tanning" is ugmdur). These are the
best skins, with regular shape, intact, homogenetrrse, a well-formed coat, a flawless
skin. Their price may be 20 times that of unsodgedlity skins.

e Pelts for shorn hairThese usually lack the proper shape or are nobgeneous enough
for fur products. The hair, however, is sufficigrittng and healthy. It is therefore machine
shorn and used for textiles or felting (although tiat trade is declining in many countries).
The skin is cut into fine strips (vermicelli) andhde into glue (another declining industry) or
fertilizer. This technique allows much of the pelte recycled.

e Waste unusable except for fertilizer (the hair is gnayad, soiled, sweaty, parasite-
ridden). Such skins push up the costs of labowggssing and transport.

In France, one of the foremost rabbit-producingntoes, the proportion of pelts suitable for
dressing is less than half of those collected. fighee differs from one author to another,
which is not surprising in view of the difficulty igetting exact data on this product.

Classification. The customer buys the skins in commercial lotsnffb5 to 5 tonnes) of
matching quality.

The following grading system is used in France (@isd in many other countries because of
the number of French traders in the fur market).
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For pelts for shorn hair.

e rejects - hair weight 10 to 18 percent of the it weight;
e ordinary - hair weight more than 18 percent of jplejt weight;
e good quality, with guard hair removed - for glawaking.

For fur pelts.Grading is more complex for fur pelts, as col@ize and quality are all
considered. The colours are white, range of gaayge of red (nankin), mixed and black.

Size is assessed by weight per 100 dry pelts:

e entre-deux: 12 to 13 kg/100 pelts (100 to 140rgped);
e cage: 13 to 20 kg/100 pelts (150 to 210 g pep;pelt
e heavy: 26 to 40 kg/100 pelts (250 to 350 g pet) pel

The gap between grades and the difference betweightxper 100 pelts and unit weight stem
from fluctuations in assessment.

Quality assessment covers the integrity of the (pettper cut, good fleshing, no knife marks
or holes from skinning) and its structure (heighgjeard hair, compactness and height of
downy undercoat and the homogeneity of the coat):

e pelts 4: poorest;

e pelts 3, 2 bis: medium;

e pelts 2 and 1: best.

This classification, which at first sight looks cplax, is in fact relatively simple: traders and
clients know exactly what merchandise is in questitnen they speak of a "cage 2 grey" or
an "entre-deux 4 nankin".

The system, with slight variations, is the samevary country, understandably so
considering rabbit pelts are an international triéel®. In the United States, where rabbit
production is not widespread and is undertakennbgtaurs, United States Department of
Agriculture grades are:

e firsts: no defects, thick and regular subhair. dJe furs;

e seconds: some hair defects and a certain ladkeKitess, short subhair. For inferior fur and
cutting;

e thirds: for cutting (felt) or toys;

e hatters: rejects, the best of which are useddtmg.
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Firsts and seconds include five colours: whitecgsometimes double that of colours as pelts
can be dyed); red; blue; chinchilla; mixed.

Sorting and grading clearly show that it is in thierest of the breeder and the general
economy of the country to produce the highest psgiroportion of quality pelts or at least
reduce the proportion of those which are unusabig also important to be able to constitute
homogeneous commercial lots. This means that dystion is low in a region the range of
colours should be limited. The choice is not simpgleen the ups and downs of fashion. The
wisest choice would normally be white, as it gellgl@mmands a good price and once dyed
can easily follow colour fashion trends. Howevars is not the best advice at present, with
long-haired fur in vogue and dyeing virtually irsdse.

White (not Angora) rabbit hair from shorn skins sladonot be considered a negligible item: it
accounts for several thousand tonnes on the waaltkeh France usually exports 100 to 200
tonnes of rabbit hair every year, and imports shgless. Prices can be quite high: in 1984 to
1985 they held steady at 250 to 300 FF/kg, whetteagasual price is about 100 FF/kg as in
1992.

Production of quality furs

The main barrier to quality pelt production is gater age: the pelt must be big enough and
the whole coat mature: i.e. a winter coat. Theiatuones are moulting - juvenile moults for
growing rabbits and seasonal moults for adults.

Quite apart from rabbits slaughtered too youngtaode raised under poor conditions, the
two major defects that make rabbit fur a downmapketiuct are the fragile guard hairs (long
coarse hairs in the coat) which break off verylgasid the unequal growth of the hair during
adult seasonal moulting (zones with shorter ordobsirs).

The Rex rabbit is free of the first defect becathgecoat contains no guard hairs, an
advantage that places Rex furs in a select categjduy classification.

The second defect can be ironed out by producgohniques that synchronize moulting in all
parts of the body. The combination of this techeiguith Rex production has made it
possible for some rabbit fur to attain formerlyhinkable pinnacles of quality.

Moulting

Seasonal moults in adultsSeasonal moults in adults, which are ruled bymeas
photoperiodicity, occur in spring and autumn. Thersy moults are spectacular, with visible
loss of winter hair, but they are slow and irregaad rarely give an entirely stable coat in
summer. This summer coat, thin and short, is natranthe most prized - it weighs only 50 g.
The autumn moult, on the other hand, reactivalebalhair follicles in a relatively short time.
It gives longer hairs and above all multiplies sleeondary hair follicles which produce part
of the undercoat. The winter coat, which remaiablstfor several months, weighs
approximately 80 g. This coat is the most highligga of all and often the only one used by
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furriers. In addition, the network of collagen fisrof the derma is contracted and produces a
finer and stronger skin.

It is obviously preferable in a temperate climatslaughter the animal at the onset of winter,
as soon as the coat is mature, to ensure thegessible deterioration of the hair.
Unfortunately no detailed study has been madeopical or equatorial climates.

Juvenile coatsThere are three types of juvenile coat: that efrtawborn rabbit, infant coats
and subadult coats. The first two are unusableusectney are too small. The coat of the
newborn rabbit stops growing when the animal rea€h¢ kg (for an average size breed); it
weighs only 8 to 10 g. The infant coat is maturaratind nine weeks and its weight depends
on the rabbit's weight, since the number of hdlicfes in development depends on the size
of the skin area of the growing animal. If a rabi&ighs 0.5 kg at nine weeks it carries 15 g
of hair, against 30 g for a rabbit weighing 1.1 Kbe coat is thus still light in weight and the
hair is fine.

The subadult coat becomes more interesting buetigthy (four or five weeks) moult which
produces it does not start until the rabbit readh@égo 1.9 kg. It matures, at the earliest, at
four to five months (usually five). The weight dktcoat, and hence hair length and density,
also depends on the season in which the hair desed® g in summer, 60 g in autumn or in
winter, which is acceptable given the skin area 3tbadult coat is therefore the first coat
that could provide a fur.

As a consequence, it is very difficult to obtaittgéor fur in intensive meat-production
systems (slaughter at 11 weeks). However, a breeigt attempt to produce acceptable
pelts for shorn hair by using simple measures.

It is however quite possible to produce fur pelider extensive production systems, by not
pushing the animals' growth, feeding them a chegfppéanced diet and slaughtering them at
the age of five or six months during the winteilislalso possible to produce fur pelts in
intensive systems, provided that the rules detditddw are obeyed.

Conditions for quality fur production

Light. Newborn and subadult moults are not really rugg@dmsonal photoperiodicity. They
can be induced earlier by artificial lighting, lihis calls for sophisticated installations
(windowless housing) and the technique is compier @ifferent fattening periods with
separate light regimes).

Temperaturedoes not govern moults, but if it is too hot thecdimfort will make the rabbit
eat less, and the coat will suffer accordingly.

Hygiene Any physiological imbalance or pathological disarttas immediate repercussions
on the coat, even if it has reached maturity. ttdmees dull and unkempt, the secretion of the
sebaceous glands is disturbed and the rabbit neglegrooming. A skin collected in this
condition will never make a good fur. Normal hygeprocedures, valid whatever the

226



production system, also favour the production qtiality pelt and help to avoid diseases
which specifically affect the skin. This will be @wf the most difficult problems for
developing countries.

Choice of breed and selection

In making this choice there are two factors abdv®de considered with relation to grading
pelts: colour and size.

Colour is a question of fashion but, as mentioreatiex, white is the most suitable as it is
impervious to fashion changes because it can be. dlyswust be remembered that the trader
is interested only in lots of four or five tonnéarge pelts are the most prized; without going
so far as to produce giant rabbits this meansntidget breeds should be rejected.

Finally, there is the structure of the coat: itglddoe homogeneous, with long hair and a thick
undercoat well covered with silky guard hair.

As has already been mentioned, the Rex breed pesdurcinteresting and original pelt which
is softer to the touch but tougher, recalling pgesturs such as chinchilla, moleskin or otter.

Collection, preservation and storage of pelts
Skinning

Skinning should be carried out in a manner thatiessthe largest possible skin surface,
which is an important part of its value. The ficst is usually an incision at the hind feet,
passing from one thigh to the other. The skin @ntpulled off. The skin on the head is of no
commercial value but it is preferable to keep itdaese it allows better stretching.

This operation should be done with care to avoidilation, knife marks, grease (which
oxidizes and burns the skin) or bloodstains. Adisth defects reduce the value of the pelt,
especially when the coat is originally of good dyalThe sequence of skinning operations is
illustrated in Figure 48.

Preservation

Rabbit pelts are preserved by drying. This is gpfnoperation which can be done anywhere
and costs little (the salt used to preserve thessid other species can be expensive). Drying
should start immediately after the skin has beeamked. It must cool off quickly and dry out
to prevent the action of enzymes in the derma wattdck the hair root and cause the hair to
fall. If fresh pelts are left in a pile for everslaort time (more than 15 minutes) a rapid
bacterial fermentation will set in and cause thie toefall out in patches. Many pelts are lost
this way through lack of elementary care.

227



The skins are shaped on a frame. They should nex¢essively stretched, nor should there
be any creases. The frame can be a board or axstedtame (Figure 49). Straw should not
be used as padding as it can deform the pelt oepla

During drying, air should circulate freely and giens should not come into contact with one
another. It is unacceptable to accelerate dryingiposing the skins to the sun or to hot air;
above 50°C the collagen of the derma is alterevémsibly and the skin cannot be processed.
They should be dried in the shade or in the dagkuvell-aired dry place (optimum
temperature 18° to 22°C).

Twenty-four hours later it is best to remove fatgposits on the shoulders and belly to avoid
local hotspots.

Packaging and storage

The pelts are arranged in piles when they are pigyfdry in a cool airy room, with

insecticide (naphthaline) between each layer of.dkis best to grade the pelts without delay,
the grading being more or less elaborate accoritige size of the stock in question. At least
the different qualities should be separated imntetjiand the white pelts from the coloured.

Whether the destination of the pelt is fur or lwduction, all operations from skinning to
storage must be carried out with care and attentiba slightest fault in handling results in a
lowering of grade, which is all the more seriousewla high-quality skin is involved and all
the work carried out previously is lost. The gredite homogeneity and quality of the pelts
the more attractive they will be to the trader, ethis particularly important at times of
market depression.

If it is intended to extend rabbit production ic@untry for the profitable sale of the pelts,
training should not be underestimated. Trainind gl needed not only in production,
particularly in teaching producers how to recogrieestate of maturity, but also in the care
needed in skinning the animal and in preservingstadng the pelt. Experience with hides
and skins of other species shows the extent oé$odge to negligence (in some countries
only one pelt remains from every three animalsgiitéered). Perhaps bad habits can more
easily be avoided when a new animal-productionosestintroduced.
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FIGURE 48 Skinning a rabbit -1 Shin cut between the thighs
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FIGURE 48 Skinning a rabbit- 3 Skin pulled to bare the trunk and then the foréegs

FIGURE 48 Skinning a rabbit- 4 Carcass skinned but not eviscerated
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FIGURE 48 Skinning a rabbit- 5 Carcass opened, white viscera (Intestinal tra@nd
lungs) removed

Curing and glossing

Developing countries are increasingly processiegctittle hides and sheep skins they
produce. The first step is to turn out semi-fintsipeoducts, for which the technology is
simpler and more uniform, albeit demanding, andafbich there is a wider market. Finished
leather is a specialized product whose manufacsuise more delicate to undertake as
expertise and imagination are both essential.

This is why developing countries are holding bdwkrtrough pelts to make semi-finished
products such as wet-blues and hides (India, RakKistThis system obviously has the
advantage of using the local labour available,rg\greater value to the exported product and
facilitating packaging and storage.

Is the same development possible for rabbit pdlks® is difficult enough to answer with
regard to other fur, which must always be perfaetl even more difficult for rabbit fur,
towards which there is some consumer prejudice,l@@sause European output, although of
medium quality, is so high. On the other hand, shgahe pelt for the hair does not seem to
pose any particular problem any more than doesngakse of the remainder of the skin,
even if only for fertilizer. There is also the pilids manufacture of small objects such as toys
with pieces of low-quality fur; however, this is @atively small economic importance and
may involve difficulties with the hygiene regulat®of potential importing countries.

Curing
Processing the pelt to the semi-finished stageiresja series of operations:

e dipping: rehydration of the pelts with water, said possibly soap, followed by rinsing;
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e fleshing: the rabbit skin has a peculiarity, atbollagenous film on the flesh side. This
membrane, which is impervious to curing produdtsusd be removed. This is a delicate,
labour-intensive operation, carried out on the deaied skins;

e dressing: the special tanning for rabbit skinsegally uses a specific blend of salt, alum and
formol;

e thinning: it is necessary to thin down the thickkins. This is highly specialized work,
demanding great precision to avoid holes in the,stitting hair follicles and causing hair
loss. A second dressing is carried out on the #drskins;

e greasing: nourishing the skin with oil. This ogema is labour-intensive;

e finishing: this gives the skin a pleasing appeagaend consists of removing grease (stirring
in a tub with absorbents), beating (tossing in ahmed cylinder to remove absorbents,
sawdust, grit, kaolin) and lifting the hair to gah place. Machines can be used for all three
finishing stages.

FIGURE 49 Correct way to dry rabbit pel{s)
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FIGURE 49 Correct way to dry rabbit peli®)

Note: a = frame of thick steel wire (6 mm) if possibleveced with plastic or sticking-paper;
b = skin stretched over frame to dry, turned ingidewith frame on inside, held down by
clamps or domes pins.

Glossing

This is a complicated finishing operation, withiaéions such as shaving or colouring
according to the final product required. It calis much handling, expertise and imagination
(mixing of dyes, special effects, etc.). These apens are too complex to describe here.
However, it is often the furrier who, having choselot of rough furs, decides on the final
appearance they will be given. For a coat, 20 tek3@s will be needed. The making up of
"bodies" (remnants of fur sewn together and soltehgth), which is labour-intensive and
not highly automated, can be done in developinghtt@s or in countries where the labour is
less expensive (Greece, the Republic of Koreafandnink pelts, Taiwan, Province of
China).

Conclusions on fur production

There is no hope of supplying quality furs undarent rational production conditions for
meat rabbits, particularly those slaughtered awééks. Skins, however, may be recovered
for the three separate purposes of hair (feltesidertilizer, glue) and sometimes dressed
skins.

Quality pelts can be produced in extensive rabfmitipction systems if the producer is
mindful of the moulting periods and waits until thebadult pelt is mature before slaughtering
the young rabbit. The fur will be even thicker andre compact if slaughter is scheduled for
a favourable photo period, i.e. when the days laet s

As regards the introduction or extension of rapbatduction for pelts in developing countries,
the following points should be considered:
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e training of the future producer, specifically lretproduction of quality pelts;

e production of quality pelts in sufficient quantity make up homogeneous lots for trade,
concentrating on a limited number of pelt typeganticular as concerns colour;

e coat structure (density, silkiness) and the sfab@ skin are important considerations in
selecting the breed. There is not much point imipig great hopes on obtaining high-quality
pelts in hot climates.

Upmarket furs can also be produced in rationalesystprovided special strains such as the
Rex are used. The look and feel of this fur is mowch in demand. There must be specific
production techniques geared to fur production {pr@eaen though it may be of better quality,
is here the by-product). Compared with conventiami@nsive production, the fattening units
must be modified: windowless buildings for artificillumination, large individual cages. The
diet must also be modified (rationing) and slaughpecifically timed. Skinning, drying and
preservation require great care. The skins arellysad raw to furriers, for small-scale
tanning operations often lack the qualities to peelhigh value added upmarket furs.

Angora

Angora, the hair of Angora rabbits, is one of tive keratinic textile fibres of animal origin

of significant economic value. Wool from sheepfi€aurse by far the main fibre, at over 1.3
million tonnes per year (thoroughly washed). Ther fothers: mohair, angora, cashmere and
alpaca, each at outputs of 5 000 to 30 000 torexsbit original qualities of fineness, lustre
and feel for the production of high value addedilyxtems. Angora is often considered one
of the "noble" fibres.

Angora: Characteristics
Textile properties

In the matter of textiles, "angora" without anyetlgualification refers solely to the hair
produced by Angora rabbits.

Its International Organization for Standardizat{t®O) symbol is WA: W for wool, reserved
for noble textile hair, as opposed to H used falirary hair. The letter A is for the Angora
rabbit and distinguishes it from the mohair prodlbg the Angora goat, M. The symbol for
mohair is thus WM. The short hair of the ordinaaibit is designated HK (K = Kaninchen
which is "rabbit" in German).

Length. Angora hair is unusually long owing to the prolatign of the active phase of the
hair follicle cycle: the hair grows for approximbté4 weeks, whereas that of the rabbit with
ordinary (short) hair grows at the same rate bubfdy five weeks. This is due to the
presence of a recessive gene in Angora rabbits.
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Apart from this great length, there is no other ification either in the hair's structure or in
the composition of the coat, which contains theehelassic types of rabbit hair.

e guide hairs: the longest (10 to 11 cm) and thghest; they cover and guide the coat;

e guard hairs ("barbes"): shorter than guide h&rsnf); their rough points lie on the coat and
hermetically seal it (covering hair); four to eaghide hair;

e down: shortest hair (6 cm); rounded point, haxdéyble, very fine body (14). Very
numerous, 60 to a guide hair, they constitute lisentic isolation undercoat. The length of
angora hair accounts for its textile value, becatgermits cohesion in the thread.

Friction coefficient. The rabbit's hair has a characteristically lowtfon coefficient owing to
the very slight relief of the cuticle scales. Tresults in a particular softness to the touch, but
also an exceptional capacity for slipping. Thig/isy the length of angora is important; the
hair is twisted and stays in the thread. The uswdihary rabbit hair to replace angora
produces threads of bad quality which spread eveey® this is a fraudulent process which
reflects badly on the Angora industry.

Because of its softness angora hair is used fom#neufacture of insulating underclothes
(keratin). Ten percent angora in a mixture of weoottfon and synthetic fibres makes an
extremely soft fabric, very easy on the skin.

The kemp points and the covering hairs, which aveemigid, rise from the fabric, giving it a
fluffy appearance which is much prized. Whole aadumairs obtained by depilation are the
most suited for this purpose.

Other characteristics of angora hair

Although the Angora rabbit exists in all coloursythe albino strain is produced now. Its
coat is entirely white, which is an advantage fgeidg. Coloured Angora rabbits are raised in
India for the manufacture (by breeders themseloEahdyed artisanal fabric with muted
colour motifs. The hairs are all medulated (hollowhich makes them lighter than wool

(density 1.1 against 1.3) and increases their &g properties. They have all the properties
of keratin, notably insulation, water absorption ggood dyeing quality.

Mini-glossary
Selected technical terms for fur production
Curing: tanning skins with hair.

Shearing:separating the hair from the skin in which itriglanted.
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Knife marks:perforation or slit from skinner's knife.
Skinning:separating the skin (with hair) from the animalr(ass).
Brushing:gently brushing hair back into place at varioagss in the curing process.

Pellicle: a thin collagenous film on the flesh side. Thes&ilbmuscle is removed with the
dermis during skinning.

Fur: rabbit skin and hair.
Glossing:dyeing the hair of cured pelts.

Moulting: period of reactivation of hair follicle. The baskthe former hair is hydrolized,
freeing the hair canal for the emergence of the nawv

Moulting zonesection of skin where hair follicles were actiteskaughter. Seen as dark blue
patches on the skin side of the pelt. The hair bout easily or is still very short, its growth
interrupted by slaughter.

The Angora rabbit's coat is 98.5 percent pure ganewous secretions (restricted to those of
the sebaceous glands) are very slight and the dgnmams itself frequently (a sheep's fleece
is only 50 percent pure because of the presenseinf). Angora wool goes straight to the
card without previous washing: it is imperativetttiee producer keep constant control over
the cleanliness of the animals.

Commercial qualities

There are several grades of hair, identified bgtlentype of animal and cleanliness. First-
quality hair which represents 70 percent of the awast be over 6 cm in length (down) and
clean. This grade was worth 950 FF a kg in 1984phly 300 FF in 1981 to 1982. Since
1988, the price has ranged from 300 to 380 FF.

Second-quality hair is clean but too short (dovas lghan 6 cm) or too woolly. It is grown on
the belly and extremities and is worth about 2@@et less than the first-quality wool. The
hair of the young Angora rabbit is shorter andesoft is the product of the first and
sometimes the second collection. The clean bigdditirs collected on the necks of females
or breeding animals are worth only 15 percent efuthlue of first-quality hair.

Dirty hair of any length is virtually worthless. Aest, it is worth less than shorn hair from

ordinary rabbit breeds. Its value would be no ntbesm 5 or 6 percent of the first quality.
Clean hair is therefore absolutely essential irosmgvool production.
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Raising Angora rabbits

Angora rabbits are reared primarily for their hdine production of this hair calls for an
entirely different set of techniques from thoseduisemeat-rabbit production. These
techniques have historically reached the pinnaicépecialization in France, where the sole
target has long been wool production, but some tt@sn headed by China, are now also
developing this specialization.

Sexual balanceThe adult female produces the hair: adult, bectyseguality angora is only
produced from the third collection at nine mongts] female because the female produces
more hair than the male - an average of 1 kg ag@d®sto 800 g for the male. Therefore the
hair-producing stock is made up of adult femaled #ie maintained as long as possible, with
reproduction kept at a minimum. Gestation and dapgdactation reduce hair production by
one-third.

The number of breeding bucks is kept to a minimtihe proportion is only 2 or 3 percent in
hair-production units. In France the males notidedtfor breeding are culled at birth, which
hastens the development of the female young.

Harvesting scheduleThe hair is collected every 90 to 100 days, winenfollicles reach the
resting stage and before hair starts falling, whwchuld cause felting and reduce the value.
The hair is cut with scissors or electric or marshaars, or collected by depilation.
Depilation has long been the technique of choidérance, synchronizing the reactivation of
hair follicles with a well-structured coat with gbguide hairs. Since the 1980s French
breeders have been using a depilatory fodder salénthe name LagodendfofSociété
Proval, 27 rue de la gare de Reuilly, 75012 Pavisdh careful use of this product, rabbits
can be shaved more quickly and easily and lesssé$tigy. Scissors is the more common
technique in China, with shearing more common int¢ Europe and South America.
French-type Angora rabbit hair is better colledigdiepilation, whereas shearing or scissors
are better for Chinese or German-type Angoras.diifierences between their genotypes
include,inter alia, the simultaneous resumption of hair follicle grbwt accordance with the
collection method.

Angora hair must be sorted into the different gsaalecollection, which is the best time. A

skilled operator takes about half an hour: lesa 8@aminutes and more than 45 minutes are
both very rare.

237



FIGURE 50 Comparative growth of hair types in Angmand common rabbits
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Source: Rougeot and Thébault, 1984.

Habitat

Angora rabbits must be reared in single cagegast after the age of two months when the
hair is first collected. The cage must be big etofaipout 0.5 ff) and high enough (about 0.5
m). Wire-mesh floors are rarely recommended. Angabhits, particularly French ones, have
very fragile paws for their weight of roughly 4 ks they are to be kept for several years it is
better not to take chances.

French breeders have opted for cement hutchestieavd Igter, for clean hair and paw
protection. The straw absorbs the urine. A littksh straw is added each week and the entire
litter changed every four or five weeks. Duckbolad been a frequent choice in other
countries, with the slats made of bamboo (as im&hor plastic. Some breeders, for example
in India, use German-type Angoras and have suadBseiised them on wire-mesh floors as
for meat-rabbit production (see Chapter 6).

Angoras do not like high temperatures (over 302@)v temperatures are a problem as well
(below 10°C), but only during the days followingrheollection. It is therefore not necessary
to heat all production buildings (in fact open{aioduction has long been the practice in
France); on the other hand, the denuded rabbit beuptotected, particularly where
depilation is the collection technique. Breeders sesveral methods: two-stage depilation at
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intervals of a few days, leaving a "back" whiclsibsequently removed; body-coat, warmers,
post-depilation boxes, etc.

Feeding and hygiene

Feeding Angora rabbits involves several peculegitompared with meat rabbits. Indeed, the
Angora at peak production is an adult rabbit int@asion of maintenance from the
physiological standpoint. Its growth is completel aaproduction is limited to a few animals.

It must, however, produce over 2 kg of dry proteingar -more than 1 kg of keratin (hair)
and the same amount from the internal sheath diaireollicle. This is the equivalent of 7 or
8 kg of muscle.

This explains the need for a high-protein diet p&vcent. The keratin in the hair is rich in
sulphur amino acids, exporting 35 g of sulphur aryso the proper intake of these amino
acids (0.8 percent in the ration) must be ensurkd.high productivity of modern Angora
strains (up to 1 400 g per year), make full protitgtdifficult under traditional feeds such as
hay, alfalfa, oats, barley, etc. The amounts whae@xcessive and deficits in sulphur amino
acids inevitable. For cost considerations (exclgdiaibour costs) some French breeders still
combine these feeds with balanced concentrateaioomy methionine, vitamin and mineral
supplements. Almost all breeders use only pellégeds for Angoras which are easy to
administer. In this case an average 170 to 18®agldibe fed to each rabbit daily.

The Angora rabbit's feed requirements follow thelewf collection (every three months) and
hair regrowth. Requirements increase after depiledis the animal is then hairless and energy
losses by radiation are very great. By the secootimthe animal is again well covered, but
this is when the hair grows fastest so the ratioistrof course remain adequate. In the third
month, requirements decrease because the hair gnovesslowly and, as collection time
approaches, starts to fall. Daily rations neede@adijusted carefully to these variable
requirements.

It is now the practice to give 190 to 210 g per daglry matter during the first month, 170 to
180 g during the second month and 140 to 150 ghduhe third month. This is less
imperative when the wool is sheared. It is alsom@mended that the rabbits not be fed one
day a week so the stomach can empty, preventiagleast diminishing the risk of the hair
balls that can form from self-grooming (very haall® called trichobezoars that obstruct the
pylorus and usually end in death).

Most losses of adult Angoras occur during the dajyswing hair collection as the animals
then have problems maintaining thermal balancey Dleeome particularly sensitive to
respiratory germs (pasteurella, coryza, etc.). Aneeder must therefore be constantly on the
alert regarding their general hygiene (frequetgritenewal, cleaning, disinfecting). Having
to replace working females with young does lowaesage production levels because first-
year Angora output is appreciably lower: 650 g cared with 1 kg. The usual yearly rate of
renewal is 25 to 35 percent.
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Labour
Labour in Angora rabbit production may be subdidid#o five categories:

o feeding;

e hair collection;

e cleaning and disinfection of the buildings;

e curative or preventive health care (vaccinations);
e reproduction.

Feeding isnot labour-intensive provided the breeder distebwonly balanced pelleted feeds
in easily accessible feeders. In this case 40 mépér day and 210 hours per year would be
needed for a production unit of 400 Angora rabfite time is doubled for coarse feed such
as hay and cereals. A daily distribution of strawomghage, including fasting days, transport
and sifting of feed must be reckoned in, raisingtime spent on feeding to 400 hours per
year.

Hair collectionis the most time-consuming operation. The caladateeds to include not
only the actual hair removal by shearing, cuttingepilation but also moving the rabbit from
its hutch to the collecting table, the grooming & remove filth or plant matter from the
coat, weighing different grades of hair, keepingprds, returning the rabbit to the hutch, plus
postharvest thermal stress reduction measure All, some 1 000 hours per year are
required for a 400-rabbit production unit.

Complete litter remova(cleaning) for hutches or cleaning out wire-meages, disinfection
procedures and sweeping takes at least 250 houyzae

Veterinary cards basically preventive: vaccinations and gendisgase prevention can take
up to 175 hours per year.

Reproduction-related worthandling breeding animals, checking gestationkandling,
sexing newborn rabbits, weaning) also requiresHod's per year.

In all, a production unit of 400 Angora rabbitsuegs 2 000 working hours per year under
rational production conditions.

Sources of variation in angora hair production
Genetic estimates of different strains

Although there are several strains of Angora rataily the German, French and Chinese
(Tanghang, Wan, etc.) strains are of economicesteat this time. The Chinese strains
(including the German strain reared in China angtisémerica) supply over 95 percent of
the angora hair sold in the world. The Europeaanéin and German strains deserve mention
for their specific features and because they haea Iselected for over 50 years.
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Weight production Hair-weight production has long been the sole fanusngora rabbit
selection. These genetic improvement efforts iméesand Germany have produced highly
similar acceleration of hair growth.

The annual output of does at the INRA experimenmtadluction unit in France rose from 885
g/year in 1980 to 1 086 g/year in 1986, a phenotjmain of 31 g/year. Animals tested at the
Neu-Ulrichstein Hesse Centie Germany gained in productivity from 400 g/yeaf 945 to

1 350 g/year in 1986: a phenotypical gain of 32gfy Production in the French and German
commercial sectors lagged slightly behind theserég with an estimated annual production
per doe of 1000 g/year under French and 1200 glyeder German production conditions.

There are major gaps in China by province and byyuction systems. The figures range
from 261 g/year (unspecified Chinese strain, 198%®15 g/year (Wan strain, 1992) for does.
Production conditions, particularly feeding, arghiy influential because German rabbits
under Chinese conditions are, according to thealitlee, producing from 422 to 820 g/year.

Non-genetic factors in quantitative hair output

Most of these factors are known today. The mosbmamt, judging by weight at each
collection, is of course the interval between twtections. This effect is attenuated when
considering annual output.

The collection technique (shearing or depilati@dm important factor, particularly for the
(depilated) French strain, as shearing reduces ddalproductivity by about 30 percent.

The number of the hair collection is important atte fifth collection for French strains: the
first four collections successively represent 1ficeet, 60 percent, 81 percent and 93 percent
of adult production. The German strain is appayemtbre precocious, with several references
citing the fourth and even the third collectiorr@gresenting full potential productivity.

The sex factor is very marked in the French straiale rabbits produce 20 percent less hair.
This is not so true of the German strain, wherditbeature reports a difference of zero to 15
percent, with most citing a figure of 10 percerssléor male rabbits. Live weight is fairly
irrelevant, except during the growth period, buddd be correlated with the collection
number (first, second, etc.).

The seasonal factor should also be taken into atcaunter collection is always heavier than
summer collection, varying by 4 to 30 percent dejognon the author. It does seem that the
higher the productivity of the strain, the wealter seasonal effect.

Other variation factors such as the season of hatie been studied, but new data are needed

to confirm these findings. Undeniably, other fasteuch as diet (deficiencies), temperature
and comfort do have a direct influence on quamiggdbroductivity of hair.
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Non-genetic variation factors in qualitative hair production

Angora hair quality parameters are length, therfass of the down, guard-hair diameter and
fur structure and composition. Concerning this fasnt, the basic distinction is between
woolly fur and fur thick in guard hairs. The lafter accordance with the proposed
classification presented to the 1992 Corvallis Gmtion, include those in which over 70
percent of the guard hairs are full (i.e. with gethends) and where less than 1 percent of the
fibre is shorter than 15 mm. The other furs aresaared woolly. Felting or dirty fur is also
considered a quality parameter.

The interval between hair collections is a decigactor in hair length.

In the distinction between guard hair - obtainedlbgilation and woolly hair obtained by
shearing, the collection procedure is fundamental.

The number of the collection is important (at lestshe first harvest) for all rabbit strains and
for the second and third collections in Frenchissavhere the young rabbits still produce
woolly fur, even after depilation.

The sex factor is less of a distinction and is veeak the German than in the French strain
but males do show a more marked tendency towaltitsgfe

Live weight and season have less effect in adaltsjost there is a structural difference: the
length ratio of underfur to guard hair is lessumsner than winter: 55 percent in summer as
opposed to 65 percent in winter.

Prospects for angora wool production

A point to be considered very carefully is that Armyrabbit production is labour-intensive

and also requires great expertise. The slightestiak® can mean the loss of productive adults:
the animals have to be over a year old to retyroft. Hair collection is always a delicate
operation and careless sorting irredeemably dovadegréhe product. Above all, not all
climates are suitable: excessive heat and intégise(albinos) are very bad elements. In cold
countries, or in countries with cold winters, timdusion is to use buildings that shelter the
animals against the rigours of the winter. Recetdiyuded animals require special care,
however. The feed requirements of Angora rabbedraportant: a poor, deficient diet will
always mean qualitatively and quantitatively poair iproduction.

Last and probably most important, the price of aagwool fluctuates: first, according to
fashion, with a cycle of three to five years, blsbaand more abruptly, in classical supply and
demand terms, when world production is structuraillger excessive or insufficient
compared with average utilization of the fibre. Tnee of angora (sheared wool) suddenly
doubled between 1976 and 1978 (from US$13 to $2&ifmgmram) because world production,
estimated at 900 tonnes in 1977, was clearly ingafft. The price remained at this high level
for about ten years, following the dollar; up to$4S to $50/kg, and then in 1988, when
world production had increased by a factor of te@ 000 tonnes, the market collapsed and
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the price had fallen to US$20/kg by the summerd®11 There was a recent reversal of this
slump in Chile, Argentina, Hungary and France (@h¢ha to a lesser extent), bringing the
price up to US$30 in 1992. The volumes traded,@rte angora utilization, continue to
rise: the production figure is likely to reach 1@M0Qonnes per year again.

As for France, the only developed country to haegntained an angora output of original
quality (the guard hair), the situation is one pprecedented crisis. Production costs no
longer permit the sale of French angora wool & tean US$75/kg and the gap between that
and the world price appears immense to foreign tsuffbe difference between world prices
and the price for French angora conventionally it to 50 percent). Quality French
angora hair has remained virtually unexported siri&8, therefore, and is very difficult to
market internally, either in the unprocessed foomnmhanufacture or in manufactured form
(e.g. sweaters).

Clearly this is a highly speculative production amduld be approached with great caution.
The utilization of the noble textile fibre, angocantinues to grow despite competition from
other natural fibres and particularly from syntbéipres. This is partly due to the new sectors
that have opened, particularly for fabric, in condtion with cashmere and silk. The price
slump from 1987 to 1991 did indeed follow ten vayourable years, after decades of good
angora prices. Better times could return again.
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Chapter 9
RABBIT BREEDING AND RURAL
DEVELOPMENT

The objective of this chapter is to present a cisdy to show how rabbit production can
help close the protein gap and raise the incomesraf and suburban people in a great many
countries. No attempt will be made to provide folasuor success - the various technical
choices to be made will depend on the environmentwhich the rabbit is introduced.
Instead the case history is used to demonstratguibgtions that need to be asked in
designing a programme like this and to determirestipport structure needed for successful
development in a traditional rural environment.

Generally speaking, the first task is to examireegkternal components of this kind of
production system. There is a historical compore@mgnvironmental component, an animal
component, a human component, and the socio-ecarmmiponents (agriculture and stock-
raising in the country, agrarian structure and gtdal rabbit production). The interrelations
among these various components should also beedtuthey will reveal the advantages and
constraints represented by rabbit production ichery the objective: using local resources to
supply animal proteins to rural families.

Next, the support structures and services availabldevelopment projects need to be
investigated.

All these factors in combination comprise a comrtyitgvel production system. Can the
initial objective be attained? What are the potdriiottienecks? The components of a
"model" programme tailored to the local circumstsshould provide the answers to these
guestions.

The mexican "family packages" programme

Mexico has been chosen for the case-study anddgseuse it is unquestionably the country
which has approached the problem most fully antkayatically.

The example used is tikaquetes familiarefamily packages) programme developed in
Mexico by theDireccion General de Avicultura y Especies Mendi2SAEM). This rural
development activity uses several backyard aninradfyjding rabbits. The aim is to develop
the production of poultry (chickens, turkeys, dyckabbits and bees, using local resources to
produce quality animal proteins and honey, maialyhiome consumption. The eventual
marketing of products and by-products will raisenaaunity incomes.
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Assisted by several rabbit production centresMbgican programme has a threefold
mission:

e to inform producers, teach them all they needntmnkabout rabbits, make them aware of
the potential of rabbits, and draw the attentiothefmedia to these actions;

e t0 train future breeders and experts/extensiorkererby teaching them the fundamental
technical operations, making it clear that rabares not reared the same way as chickens;

e to produce the breeding animals Mexico needsditn mdustrial and backyard rabbit
production.

In support of this programme, DGAEM conducts a handf experiments at its centres to
test production techniques, installations, equipraead feed formulas in local conditions. The
production techniques developed in these centeethan introduced into the target rural
communities.

Historical background The wild rabbit found in Mexico belongs to the geBilvilagus
Gray. There are several specié&ilvilagus anduboniifound throughout most of Mexico;
Silvilagus brasilensidn the southeastern part of the coun8yvilagus floridanusin central
Mexico; Silvilagus bachmanin Baja California; and, last, the Zacatuche hi& Yolcanic
zone.

The wealth of names reveals how important this ahwmas in the past. Among the Aztecs,
Tochtli (rabbit) is the eighth of the 20 signs eahto the Aztec calendar. This monumental
stone is far more than a simple calendar: it isragendium of their cosmological view of the
world. Tochtli had relations with Xipetote, the glass of agriculture and good harvests. He
was also the symbol of fertility. In the cosmogdreydescends from Mextli, who represented
the moon. The peoples of Central America saw airabthe dark parts of the sky around the
moon. Ometochtli (two rabbits) is the god of "pudtuthe god of intoxicating drinks.

Despite this sometimes alarming symbolism, Fraydame de las Casas in his bdaks
Indios de México y Nueva Esparfegoorts that pre-Colombian peoples used rabbisdkin
clothing and appreciated how well they kept outdblel. Rabbit meat was also eaten.
Cortez's soldiers saw rabbit meat in the great etarfthe famouganguis),especially in the
Aztec capital. The Spaniards later imported domeatibits of the speci€dryctolagus
cuniculus(Linnaeus, 1758) for the backyards of tHeaciendas.

Eating habits have regressed. Nowadays rabbit heaknown to most Mexicans. The
individual intake is less than 100 g per personyear. In 1975, of the 127 people's markets
in the Federal District only three had stands affgrabbit for sale. It is found on some
weekdays in some supermarkets. Consumption isftrermited to a small fringe of the
urban population, especially in the Mexico Cityaa(eften people of European origin). Most
Mexican people have never tasted rabbit meat. difsmiliarity can make them suspicious
or even hostile towards it.
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The environment Oryctolagus cuniculus well adapted to the agroclimatic complex of its
area of origin (the entire western Mediterranebm)he natural environment encountered in
Mexico some areas are more favourable than othezsico is a tropical country lying north
and south of the Tropic of Cancer. Its relativelsge size (1970 000 K impressive relief
and mountain plateaus and the distance from norslowth (about 2 000 km) explain the
variety of climates and landscapes. The differemlzinations of latitude and altitude allow
one to pass from a cool, temperate climate to anepical one within a distance of a few
hundred kilometres.

There are several large systems. In the centrateaul area, the Altiplano, stands 1000 to 2
500 m above sea level. The climate is pleasanhaallhy. Temperatures range from 15° to
25°C, and the difference between day and night éeatpres is considerable. A dry season
alternates with a wet one of the same length. Natls, the dry season lengthens. The
plateaus change, sometimes into true desert (tbat Sonora, Baja California) and
sometimes into great, closed depressions dottesbgs. Further south the humid season is
longer. The two mountain chains (the Sierra Madugjounding the plateaus converge to
form a complex, low mountain system.

To the east the plateau slopes down to the Atlamcseries of steps well watered by the
humid winds, especially in the south. The furthee goes the wetter it gets. The plains
become semi-aquatic in the state of Tabasco. Tkieregion is Yucatan, a calcareous
peninsula with shrubby vegetation.

The Pacific side to the west is a much steeperdtom of crystalline rock. Well watered to
the south, it is semi-desert in the north.

In this mosaic of agroclimatic zones that make wgxido the rabbit prefers the temperate or
cool zones of medium rainfall -the high plateau #relAtlantic or Pacific slopes. As rabbits
need a certain amount of water and forage thejptatian to the desert and semi-desert zones
would pose some problems. Rabbits also dislike imeaé than cold. So the lowest, hottest
areas have to be avoided.

However, trials in Colima, which has a hot, webtdie, show that the species has
considerable potential for adaptation. Studies nader way should enable potential
production areas to be better specified in theréutund, possibly, the selection of genetic
types adapted to these tropical zones. These &etophasize the importance of local genetic
types, where found.

While not every agroclimatic zone in Mexico is favable for rabbits, some can be exploited
in creative fashion. The "family packages" usedhi®yDGAEM programme usually contain
the species or combination of species that willeahthe target objective. These associations
(turkey-rabbit, chicken-duck or turkey-bee, etcguld be even more effective if reinforced
with small ruminants such as goats or sheep orrogastric species such as the pig. There
are one or more combinations of domestic animalsdch agroclimatic zone, the goal being
to make the rural community self-sufficient in aaimproteins by maximizing the local

natural resources.
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The animal componentWorldwide, rabbit production is fairly extensivabbits are found

in almost every climate. The use of local breedgne found, should be promoted. The direct
introduction of selected animals into productiostsyns should be discouraged. These
animals probably do not possess the necessaryadudéaptand also the strains almost all
derive from just two breeds: the New Zealand Whaitd the Californian. When imports are
unavoidable, the rabbits should not be introdudgeztty into the rural environment, but
rather studied for one or two generations in expenital stations where their reactions to
their new environment can be observed.

The human componenfThe extraordinary population explosion in Mexia@pthe last few
decades is both an advantage for the future aed@us problem. The population was 13
million in 1900. It doubled in 50 years and stoo@@ million in 1950. Twenty-two years
later it had again doubled. Today the 80 milliorrkizas been passed and a figure of 111
million will doubtless be reached by 2010.

Demographic pressure is stronger in the rural afdas outcome is a general rural exodus,
amplified by a large emigration flow to the UnitSthtes. Between 1960 and 1970 the active
farm population shrank by 15 percent in relativene At the same time it also increased in
absolute terms. The problem of undernourishmetitése areas therefore continues to grow
more acute.

Socio-economic backgroundh look at Mexican agriculture is necessary to see th
programme in its proper context. A historical famon agrarian reform is followed by a
brief description of industrial rabbit production.

Agrarian reform.Agrarian reform began about 1910 during the MeaxiRavolution, with the
establishment of thejidos(collective farms)Ejidos wereeither old rural communities whose
former lands were restored to themhaciendaqlarge estates dating from colonial times)
confiscated and turned over to the farm labouredstanant farmers working them and run as
cooperatives. The process is not complete everytaslighere are still landless farmers in
many areas. Of the arable lands 25 percent arendfile hands of landowners with more than
1 000 hectares. Despite the existence of laws @inteproductive properties, the risk of
expropriation holds investments to a very low lemelthese estates.

Eachejido member also received a collection of plots, baséhproved to be too small. The
farmer can grow enough maize and beans to fee@misy, but that is all. Only one of his
sons can succeed him; the others have to go elsewiemerous efforts have been made by
the government to finance tlegdoswith non-agricultural capital but most of theseda
failed.

Mexican agricultureThe traditional Mexican diet consists of tortill@sin, flat, unleavened
maize cakes), red beans and pimientos. Long a graarter, Mexico has become an
importer in recent years.

The growing consumption of animal products, espkydiathe cities, conceals the stagnation
or even regression in meat consumption in rurasarAgricultural output lags behind
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population growth. This is in part a result of thestence of a vast sector that is
underproductive: 3.5 percent of the land suppliepércent of all agricultural production,
while at the other extreme 50 percent of the caléd land supplies only 4 percent of total
output. Despite this Mexico still has great resernd3 million hectares could be added to the
24 million hectares of agricultural land.

The government seems determined to develop thenpat by the reasonable exploitation of
its oil profits. It is aiming at national food sdfifficiency before the end of this decade, and
the Sistema Alimentario Mexicanas launched for this purpose. This is an amistgeal.

The unemployment figure resulting from this and plulation growth should be noted here.
Underemployment is chronic in the countryside. Wexican peasant works an average of
four months a year and the rest of the time cafindtany employment. Some try to improve
their lot by doing several seasonal jobs.

Industrial rabbit productionindustrial rabbit production differs from the ruvariety mainly
in its objectives, which are to reap a profit bggucing animal proteins for urban markets.

In the early 1970s some thought rabbits had a goéato play as suppliers of animal proteins
for the steadily growing urban population swellgdlie drift from the land. Entrepreneurs
with capital to spare invested in rabbit productidhey started by importing breeding
animals and then marketed them. The market develgmdly and many rabbitries sprang

up.

At this point a number of negative factors begaart®rge. The extremes of the climate had a
depressing effect on intensive production. Fordsethvironmental control, costly buildings
had to be constructed. Breeder expertise was sCEmeye were serious problems with the
feed because of the poor quality of the raw mdtedaad the small amounts manufactured.
Growing production costs were masked by the prérfiis the market for breeding animals.
However, this market dried up in the end, so adsiag campaigns were then mounted to
stimulate the demand for rabbit meat.

Unfortunately there were no marketing structurego@y and demand were never able to
balance. The resulting instant overproduction cduasprice slump. As production costs were
high, many units closed down. Production droppetidamand was never met. The crisis
dealt a lethal blow to the recently formed prodsterganizations. They disappeared before
they had had a chance to organize the market aceetthe number of negative factors.
Neither of the two objectives was met, but indastrabbit production did not disappear and
continued throughout the 1980s. Colin (1993) belssthere are several dozen rabbitries with
200 to 3 000 does, and many more with about 30.ddessector is thought to produce about
2 500 tonnes of carcasses every year. Marketirngmgsfavour home consumption and local
markets. Mexicans sometimes eat rabbit in restasir®nomotional efforts are frequent.

Advantages and drawbacks of rabbit production in rual Mexico

The objectiveRabbit protein production corresponds to differeetds. In the earlier
example, the object was to increase producer in@ndat led to the development of
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technigues to maximize output while trying to hdtmvn costs. These two goals are hard to
reconcile. Some producers choose to hold down cesgecially investments, and try to
maximize output regardless. Rabbit production fiféled a luxury market: the eating

habits of the tourists swarming through parts okide every year encouraged restaurants to
broaden the menu.

But the need in the countryside is a vital one:die¢ is heavily deficient in animal protein.

The level of need and what attempts are being radatisfy it is the next question. There
are four levels: the farm family, the village, ttiey and the nation. Needs at individual and
village community levels are easy to meet. Homesaoiption by farm families offers all the
advantages of short producer/consumer marketiegitsr bottlenecks in processing and
marketing disappear.

At the urban level, one feasible solution wouldrmustrial production on the outskirts of
towns. Several problems arise: technical manageonfdatge-scale units must be mastered.
Obviously, since technical problems easily outdtg size of production units, the size
barrier is soon reached. Rabbit marketing also sie@te organized: the people it is planned
to supply must actually buy the product throughsemg channels. At the national level, there
may be other justifications, such as foreign exgeanom rabbit exports, as in Romania,
Hungary and China.

Rabbit production in rural Mexico The first advantages of raising rabbits in smaial units
are the intrinsic qualities of the species: itdifioacy, the quality of its meat and its faculty
of adapting to varied environments. This last tsaibuld be fully exploited in small units
where mistakes will not entail the same drasticsegences as in large units with several
hundred does.

The rabbit is a small animal. It requires few irgp(gurchase of initial stock, buildings, etc.)
and it is the right size for home consumption alt de reared by workers lacking great
physical strength: women, children and old peolplinerefore allows these categories to be
part of the family labour force.

Fibrous feed is an important part of the rabbites,do it does not compete directly with
humans for its food. This feature makes it highdynplementary to other backyard animals
(chickens, ducks, turkeys) or small ruminants (phgeats). It will make use of forages not
otherwise used, kitchen and other wastes and slo @uldition to its meat it supplies certain
useful by-products such as skins and excrementeBsing the skins could provide a little
employment for rural labour. Tourism should provaeoutlet for these products. In the
Mexican climate, earthworms can be used to comaarture into fertilizer. This is a fairly
important resource in areas where chemical fegtdiare virtually unknown.

However, there are disadvantages. Despite theptabldity, rabbits need a minimum of
water and green or preserved forage and do nostaitd humid heat very well.
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Where rabbits are reared in cages their forage brugathered and distributed. Rabbits
cannot seek their own food like other domestic afsm

Rabbit is not a customary item in the Mexican diéith some exceptions Mexicans are not
acquainted with this meat and are often reluct@aitytit.

Technical personnel trained in rabbit productiamlacking. Even if the owner of a small unit
can manage with labour that is not skilled, a aem@nimum number of technical operations
need to be mastered. A rabbit is not reared likkieken, so rural producers have to be
trained. They also need to be assisted with tHenteal problems that can crop up
periodically: health and reproduction problems saan.

Making good use of the advantages offered by thkiramplies knowing more about the
animal: its requirementgs-a-visthe environment, rearing techniques and the predtict
supplies. Another prerequisite is the availabiifynotivated labour.

The DGAEM: an action agency

This agency has been working with rabbits since9186at also works with many other
species: chickens, turkeys, ducks, geese, beesigadl he family packages programme was
developed in cooperation with other developmenaoizations. The rabbit component of the
programme covers information, training in techniegbertise and extension, the production
of breeding animals and technical assistance tedens. DGAEM has its headquarters in
Mexico City and numerous production centres througlthe country. The Irapuato National
Rabbit Breeding Centre (State of Guanajuato) wagsen 1972. This is the only centre
specializing in rabbit breeding; the other centneed other animals as well as rabbits.

At the national level, information is prepared bgpeecial department of the DGAEM. It
issues brochures, reviews and other publicationgetisas audiovisual aids and any other
appropriate teaching material to inform and intefasners. It also assists other national and
regional development agencies using the livestpekigs in which DGAEM specializes. It
participates in agricultural and livestock fairgldm@eps in contact with agencies abroad
involved in the same work. A leaflet designed arainh up by this department is published
here to illustrate the work it does (Figure 51).

Promotion at the rural community level is the respbility of a technician who usually
works for another organization but has been trainexhe of the DGAEM centres. This
promoter is the key element in the field programiee first step is to present the
programme to municipal ogjido authorities, explaining clearly the origin, deyaizent and
aims of the programme and the benefits it offeespbpulation. The promoter then organizes
public meetings, visits families in the communitydéhands out the information documents
provided by DGAEM, trying to enlist the cooperati@ilocal primary or vocational school
teachers. Experience has shown that children ayege®d at persuading their parents to
accept a family package.

250



The promoter makes a list of interested familied &ith them examines how the family
packages can be paid for. There are two ways ahgaw cash or in kind, with deferment for
one year. For a package of one male and five deefatmer can pay back the same number
of animals or seven dried skins. A community repnéstive collaborates with the promoter
and acts as guide on visits to the production units

In addition to their technical training these agdmve been taught communication
techniques. A few simple ideas help them in tharkwEvery message seeks to produce a
change so its purpose must appear clearly. The enamrvhich the person receiving the
message interprets it depends on their skill inroomcating, their level of knowledge and
sociocultural environment. So the information skidu as accessible as possible to the
person for whom it is intended. The one issuingiiessage should make its purpose stand
out clearly, choosing the most appropriate mediuom the leaflets/tapes, slides, films,
posters, cinema and television available, eachhiélwhas its own advantages and should be
carefully combined.

FIGURE 51 Example of leaflet circulated in Mexicmf the promotion of rabbit production
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Feedback is not overlooked. Public reaction is irg as it enables some details to be
corrected and shows whether the objectives argbmet. The number of families in a
community who have asked for family packages is@lgyardstick of success. The
evaluation process continues throughout the program

Training and extension in the family packages paogne works on two levels: training the
promoters who in turn train the producers. Thiggsential as DGAEM cannot afford direct
training for all breeders receiving family packages

Promoters are trained at the DGAEM centres inastock species handled by the
programme. There are over 25 of these centreindbintry. Courses are about 60 percent
practice and 40 percent theory. The Irapuato cotwsénstance, lasts three weeks. This
centre can take up to 50 students, including 3@d&sa. The general course alternates with
more specialized courses on production technigonégte use and tanning of skins. Similar
courses are also offered at other DGAEM centresABX@ also organizes regular seminars
on rabbit production techniques for the public. &otion to be as effective as possible, the
following rules are followed:

e standardization of the content of the various sesitaking place throughout the country;

e no direct training of schoolchildren and farmeus tocus of efforts on the teacher or
development agent acting in the community, makiseg af the snowball effect;

e the teachers taking these courses are kept intbaneabbit production progress in Mexico
and abroad;

e the establishment of a documentation centre;

e the periodical updating of technical bookletstsat new knowledge can spread as quickly
as possible.

Farmers receiving the family packages are trainetth® promoter who is helped by the
DGAEM, which supplies the necessary teaching malerihe promoter also offers direct
assistance to families whenever the need arisesci?ar attention must be given to the
crucial stages of the programme:

e construction of cages and shelters;

e arrival of animals;

o feeding;

e mating;

e birth and weaning of young rabbits;

e fattening and slaughter;

e consumption of meat by producer's family;
e utilization of by-products.
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Every month the promoter sends comments to the O\bA&ntre which supplied the animals.
The centre can then help if difficulties arise,lsas a serious health problem. During the first
year of operations an expert from the centre viaitsily package recipients once a month.

The production of breeding animals intended forfmily packages programme is only one
of the many functions of the DGAEM centres. DGAERkIset up a multilevel network. The
Irapuato National Rabbit Centre has 1500 breedibdits of various genetic types. It
provides a certain number of lines to other DGAEMtces which breed them to supply the
rabbits in their family packages. Irapuato als&kafter the distribution of family packages
in its own area.

This scheme has the merit of being simple and &f=cThe distribution centres can get by
with small stocks of each genetic type. They camioldresh stud stock periodically from
Irapuato. One day, artificial insemination may méakeossible to avoid transporting breeding
animals over long distances.

It might seem strange to breed all the basic stothe same place, given the diversity of
climate areas. DGAEM is aware of this risk. Howetke danger, if it exists, is serious only
in the medium or long term. The various multiplioatcentres can test the reactions of the
animals in their climatic environment and thesevats could, if the need arose, constitute a
core stock to begin setting up regional lines.

A centre the size of Irapuato has technical problamich are hard to overcome. Any country
wishing to establish such a network should firgjuaie experience with medium-sized units
before designing the central unit. Original solnidvave enabled such problems to be very
largely overcome in Mexico.

The Irapuato centre is first of all a productiomtce for breeding animals. It supplies pure-
bred animals for other centres for multiplicatiodgure- or cross-bred animals, as needed,
for the family packages.

Irapuato is also an experimental centre. One d&gks is to constitute Mexican rabbit lines.
To do this it has had to identify the animals (tatbreeding animals, tag animals temporarily
at weaning), organize performance checks (rectiet Bize at birth, at weaning and at 70
days, as well as individual weight at weaning,@&t#ys and at first mating) and process and
utilize all these data. Production quality is astant concern of the people in charge of the
centre. This requires a meticulous review of alhtecal constraints and skilful organization
of centre operations.

Staff activities are programmed on a weekly baseaning on Mondays, selection of future
breeding animals on Tuesdays, palpating on Wedgssdgc. Certain operations are done
every day (feeding, inspection of nests). Suchigpeation is more efficient.

To facilitate the organization of the work, eacle @assigned a card. A system of colour-

coded clips and pigeonholes in which to place tltasés makes possible the simultaneous
management of all females at the same physiologtegke. Each buck and each litter have
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cards listing their productivity in weight and nuenb. These cards are not only useful for the
immediate management of the animals, they alsotbatpoose the breeding animals to be
culled and the stock to be used for replacement.

Production evaluations are made monthly in eacldimgi in the centre. These data are
processed in the centre and sent to DGAEM headsegart Mexico City. Each centre around
the country sends in a monthly production balatest The analysis of these monthly
reports is extremely important for dealing with teehnical problems arising in units of this
size. Problems can be pinpointed rapidly, the caasalysed and attempts made to remedy
them.

Irapuato is located on the Altiplano at 1700 m absea level. The altitude tempers the
effects of the tropical climate. Temperatures atatively high. Diurnal variations are
considerable, from 16° to 30°C in summer and frénto@5°C in winter. The dry season,
October to May, is about the same length as theseston. Rainfall often takes the form of
storms that cause major swings in humidity, whiah shoot up from 40 to 95 percent. The
buildings have been designed and improved to offeste climatic swings as much as
possible.

A conventional pelleted feed is given to breedind fattening animals. Its use has led to a
better understanding of some of the shortcoming#tiomed in the section on industrial rabbit
production. This feed is brittle and tends to crienhlis fibre and nitrogen contents are far too
variable.

The causes of these defects are many: unevenyjobfiw materials, small quantities
produced, which stops the feedstuffs manufactdrers making needed investments and so
on. The problem of pelleted feed quality is onéhef major barriers to technical success in
large units such as the Irapuato centre. The asiomlld be fed green forage, but this
solution has not been considered because it isifabtensive. There is also no guarantee of
the quality and reliable supply of forage.

In units the size of Irapuato poor control of anlitmaalth would soon lead to catastrophe.
With some exceptions, individual treatment is seldatisfactory in large-scale production
and is very costly. The answer is prevention, whéhfocus on the group, not the individual
animal. Constant attention is therefore given &vpntive hygiene:

e regular cleaning and disinfecting of equipment baidings;

e daily removal of dead animals, quarantine of sicknals, rapid examination of breeding
animals at each mating;

e avoiding stress and contamination by personnglapportune visitors;

e control of other live vectors of contamination;
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e regular analyses of feed composition and bactagical quality of the water.

There are several types of rabbit in Irapuato. &lare crossed to make up the family
packages. These rabbits were imported during tA@sl@nd their performances are highly
satisfactory. They have adapted well to local potida conditions. Mass selection is
practised. The least-productive animals are cudlgdifuture breeding animals chosen from
the litters of the best females.

In the New Zealand White and Chinchilla strainsgtendard criterion is the number of
weaned rabbits per month of production. All thesdimea building are entered on a double-
entry worksheet (Figure 52). After each weaningkdeper changes the position of the doe
on the card. Does on the left-hand side of thetsdreeto be culled as soon as possible; those
on the right-hand side will produce the young repfaent females and on the far right the
replacement males. Culling and selection will beedrined on the average level of
production, to keep a constant total in the hehe @ffspring of does in the central section
will be for distribution to other centres and faniily packages. The Californian strain is
selected in the same way. The main criterion isvgiogate between weaning and 70 days.

Reproduction is not intensive (mating 17 days détedling; weaning at 42 days). Various
experiments at Irapuato have shown that this sybtshreconciled quantity and quality
under variable environmental conditions and whaotdrs of production were not fully under
control.

The organization of matings under one roof makesesselection possible while avoiding a
too rapid increase in the average coefficient bfeeding. To achieve these two conflicting
goals each building is divided into breeding groapd matings are scheduled between these
groups. This frees the keeper from having to chedee if the animals to be mated are
related.

In the family packages a cross-bred female is gl say a Chinchilla x New Zealand

White genotype. She will be supplied to the prodwaéh a Californian male (Figure 53).

This cross offers the advantage of heterosis. Bétreral genetic types, numerous
combinations are possible. Some are now being atedwat Irapuato and in the family
packages programme. The multiplication centresatkeep much stock of each genetic type.
They receive Chinchilla and Californian males ragylfrom Irapuato. Basically these

centres multiply New Zealand White females.

Liaison with other development organizatiomsnecessary because DGAEM cannot provide
technical support for each family package disteufThe promoters and extension agents
who are indispensable in linking DGAEM to the rusammunities belong to other
organizations for this reason.

A programme such as family packages is just ongpooient of an overall rural development
strategy, itself a component of the national dgwelent plan. A global programme has to
consider all the rural social questions of houslreglth and hygiene, cultural activities and
education. The promoter needs to integrate thespanents. To be effective, action must
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focus not at the family level but at the villageroounity level. The fact that there are so
many activities demands close coordination amoagérious bodies. While a simple
administrative body may be inconceivable, a flexilipport and coordination unit within an
overall programme including family packages seessemtial.

Promoters thus require multiple training. In adxitto strictly technical matters they must be
conversant with other, non-agricultural fields sashhygiene and pollution control. Moreover,
if they are to get their message across, they hawsd some rudiments of the social sciences.

DGAEM officials are well aware of these two essalstt coordination with other
development organizations and technical trainimgpfomoters-but there are many problems
that have not yet been solved in practice. Theifibf the family packages programme in
some communities has been the result of inadedusténg for promotion and poor
coordination with the DGAEM centre supplying thenaals.

FIGURE 52 Example of worksheet used for selectinged according to numerical
productivity
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Note: This sheet is used in a unit producing a yearly average of six litters of five young each per doe. At each weaning after
the second, the doe's tag number is repositioned in the area corvesponding to her average output, taking the date of her
first kindling a3 the base bime zero.
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When the promoter has finished the publicity campdie or she visits each interested family,
noting their resources and the time they have ail The final list of applicants is then
drawn up and sent to the director of the nearesABI& centre.

Now it is time to start making the cages to holrgertibbits. Each adult breeding animal must
have its own. During the postweaning fattening stdgwever, several animals can occupy
the same cage. So a group of one male and fiveldsmaeds about ten cages. The materials
and techniques used vary according to what is @vail The community's own resources will
be utilized to the utmost.

Each cage has a drinker and feeder or feed raekn@st box is not always used when the
floor of the cage is covered with straw litter, imialways recommended. In cold regions it is
completely closed; in warmer areas it is left logdén. In the hottest regions a simple wooden
crate will suffice. It is lined with straw or woahavings. To prevent the urine from
collecting at the bottom several small holes aiéedrin the floor of the nesting box.

Cages are always placed under some partial sfigtarrain, wind, cold, direct sunshine and
other extremes. Shelter design and placement roastder the total microclimate, especially
the direction of the prevailing winds. Where predsatare a threat, adequate protection will be
needed to keep them away from the cages.

FIGURE 53 Example of cross-breeding based on thganetic types at Irapuato
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When the cages are ready the promoter agrees amiaal date for the animals with the
DGAEM centre director. The animals are transponeal closed vehicle which protects them
from sun and rain, in well-ventilated cages. Theygiven water every eight hours.
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The first few days are the tricky period of adaptat The promoter pays careful attention to
the rabbits' behaviour. Three hours after theivakthey are given fresh water. For the
following three days they are given only dry feafter that they may be given green forage.

For their feed, maximum use is made of local fonsg®urces and kitchen waste, or feed
wastes of other animals, minimizing the competitioth people for food. As part of the
integrated rural development programme, familieg b®encouraged to plant kitchen
gardens before the animals arrive. In some ar@agrmoter gives families kale seeds to
plant. The aim is to find the cheapest feed whigmtaining the animals at a certain
production level. After a few weeks of adaptatianimals over the age of four and a half
months are gradually bred, presenting one fematleetonale each week.

Palpating is a delicate technical operation ss seldom performed. Nest boxes are
systematically set up 25 days after mating. Ters dater, if the female has not kindled she is
mated again. The rate of reproduction should Be@ping with available forage supplies. In
some areas the females are not mated during theedson.

Weaning takes place between 35 and 60 days. Thesaowobtain four litters per female a
year, or 24 young, at an average rate of six ger.liThe animals are slaughtered when they
exceed a live weight of 2 to 2.5 kg. However, thedpcer does not slaughter an animal until
it is needed. Fattening animals constitute a lwddr from which the producer takes now and
then, according to the family needs.

Regarding health care, almost all treatments a@draged. A few simple rules of
preventive hygiene are usually enough:

e give varied feed daily;

e ensure the structure adequately protects thetsafstbm environmental stresses and
predators;

e provide clean water;

e prevent the proliferation of flies and insects;

e regularly clean the installations;

e examine the animals every day so as to deteckiguabnormal behaviour;
e quarantine sick animals;

e keep recently acquired animals in quarantine;

e keep visits to a minimum.
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The promoter uses commercial products to treatgoeinfections such as ear mange or
injuries to the foot pads. In more serious casesttimals are let out into a closed pen
measuring a few square metres and provided witluglr shelter. This is the best and least
costly way of looking after them. If this does pobduce results the sick animals must be
culled. When a serious health problem affects tmerounity as a whole, the promoter calls
in a DGAEM expert.

When it is time to slaughter and eat the first rhbhe promoter's teaching role becomes
critical. The families have to learn to kill a rabtleanly, bleed it, cut it up and gut it. These i
no better way than to give a demonstration rightherabbitry. The promoter shows them
how to clean the carcass and set the skin outytsalthat it can be used later.

To induce the family - and especially the childréa eat the rabbit, just a little imagination
and the slightest persuasion are usually all iaetessary: imagination to prepare the rabbit
according to a local recipe; persuasion to getroamber of the family to agree to take the
first bite. At the community level, a rabbit-tagjisession could be arranged when the first
young rabbits have reached slaughter age. DGAEMvhbshed several booklets offering
Mexican-style rabbit recipes.

There are many ways to use the by-products depgmdinhe community context and the
promoter will try to get the community to make thest and fullest use of them. Rabbit skins
can provide the raw material for a small handdrafustry. Tanning will be done in a
community workshop. DGAEM centres are equippectaeih these techniques. Many articles
can be produced from the skins. The tanning wonkshahe Irapuato centre, for example,
makes bags, children's clothes and bed coversr @#nts of the rabbit can also be used, for
example the paws and tails for keyrings.

The promoter ensures in advance that there areetiagloutlets for these products, perhaps
in one of the many tourist centres dotted aboutibtexSurplus meat can be sold to local
restaurants. Earthworms can convert excremenféntiizer where the climate is suitable,
and this can be spread on the family's kitchenegard

The promoter must carefully follow up the developitnef the programme in the community.
After the various preparatory stages have been lstetpit is the production stage that
convinces the producer of the programme's bendfits.number of kilograms of meat
produced per family is an important standard. Thite point that will attract the interest of
other families and nearby communities.

The next phase is home consumption -the numbetagfrkms of carcass eaten by the family,
especially the children, should be the basic stahabevaluation. Income generated by by-
products and the sale of any surplus meat is anotiportant item.

In supervising the programme the promoter notegléttes of visits to each family, progress

made in the unit and the advice given. The inforomas summed up on an evaluation form
and sent monthly to the DGAEM centre. On it thepatibf the family packages, the side
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benefits and also the problems are noted. Thidbfeedis an essential part of the family
packages programme, but in practice it is oftefiadift to obtain.

The situation in 1993

The programme just described has developed siec&ExF0s and productivity has shot up.
Interest in rabbits declined in the early 19804potudropped and many problems appeared,
primarily feed. Training and development activitvesre halted and the resources earmarked
for the programme severely curtailed. The DGAENMadgeared and the Irapuato Centre staff
were slashed by 75 percent. Centres such as lmpaaame state and not federal
responsibilities.

The crowning touch in this decade of crisis forhigbroduction was the appearance of viral
haemorrhagic disease in late 1988. An exceptiomratral mechanism was soon in place.
Vaccination was forbidden. Major information cangpe were broadcast on radio and
television. The sources of infection were identifend all animals in contaminated

production units culled. A figure of over 120 0@bbits has been quoted. The rabbit breeders
received damages and the units were restocked méaths later. The experts were amazed
at the size of rabbit production in urban areadjqdarly Mexico City (Finzi, 1991). This
original strategy is thought to have cost US$22iomil(Colin, 1994), but it seems to have
worked. The information campaign did have a depressffect on rabbit meat consumption,
however.

This exemplary mobilization is an indication of Mean interest in rabbits. The 1991 mission
of Professor J. Galvez Morros culminated in a deciby Mexico to mount a new rabbit
project with two components: to renovate the regioabbit development centres and to
reactivate training and development activities. plan is to renew four centres: Irapuato with
1 500 does, Ixtacuixtla with 300, Aguascaliente\®200 and Xochimilco with 100. While

the buildings can still be used, all equipment sdede replaced.

The National Rabbit Centre has a triple missiomegie improvement for supply to other
centres; experimentation; and documentation.uhider the authority of the National
Confederation of Livestock Producers.

State and private training and development effeilisbe pooled. A survey will identify areas
where the family packages programme is still flordtig. Not enough competent technicians
are available for training, and the rabbit develephtentres will therefore need to go into
operation at the earliest possible date. The sumialso pinpoint what training is needed
by rabbit breeders. For the development compomeat state will run its own programme
based on the DGAEM family packages programme. €hdihg problem is as acute today as
ever.

Colin (1994), in a recent summary of the stateabbit production in Mexico, estimates a
yearly output of 15 000 tonnes, 12 500 of whichrfriamily rabbitries. Mexico is a good
illustration of the rabbit's great potential addjltey and also of the need for training. It is
possible to develop family-scale rabbit breeding icountry where there is no firm tradition
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of rabbit meat consumption. Mexico is thus a mddemany countries in the south that
would like to see sustainable development of ratmtuction.

A development programme using rabbits

A brief review of other rabbit development progragsin the southern countries concludes
this chapter.

Benin is of particular interest (Kpodekon, 1988;0dpkon, 1992; Kpodekon and Coudert,
1993). There is a lively tradition of rabbit hustanin this West African country, the
northern part of which has a tropical climate watdry season running from November to
April and a rainy season from May to October. SeuttBenin has a sub-equatorial climate
with two alternating dry and rainy seasons. Snaaflify rabbitries averaging four does based
on local resources are the usual pattern. Beniséiagp a rabbit research and information
centre (CECURI) to vitalize the sector. This cenlimeated on a university campus, has an
experimental rabbit production unit. Its twin olijees are to promote expertise through
research and development and extend rational raip&it production. The promoters of this
centre insist on the need for local solutions txifeg, genetic and material problems. As in
Mexico, the emphasis is on training for breedes the need to listen carefully to their
guestions. This resource centre does need finanmeetrate, however, a problem requiring a
clear political will favouring rabbit production. ECURI made spectacular technical progress
between 1988 and 1991.: fertility virtually doubldtter size at birth rose by 30 percent and
mortality was cut by a factor of between two and $here again, the time factor is
important: a centre of this type needs severalsyareach cruising speed and iron out the
main production problems. One final aspect thaedes emphasis is CECURI's 1992
organization of the First Regional Rabbit Congrassindication of the need for cooperation
between countries in resolving rabbit productioned@ment problems in tropical and
equatorial Africa.

Unfortunately, as in Mexico, most rabbitries in Bewere decimated in late 1995 by viral
haemorrhagic disease. A new rabbit developmentranoigie is currently under evaluation.

Lukefahr and Cheeke (1992) summarized their redevarious development programmes in
southern countries, particularly in Africa. In aiiloln to the aspects of the Mexican
programme already mentioned, they come up withnabu of original ideas. In their view,
the initial demand for rabbit development shoulthedrom the breeders themselves. They
next suggest setting up a network of leading bnespdepresenting different villages, to

follow programme developments and identify problentse quickly. Training is a major

item and to be successful all trainers should bésbreeders. They also agree with Kpodekon
and Coudert that research and development prograrareecrucial in solving local problems
and they stress the need for reliable technicalrmétion.

Summary

Analysing a small rural rabbitry depends on a nunabénteracting factors. Not all operate
on the same level: Figure 54 gives an idea of hmy tnterconnect. The reader can either
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start from the centre and read outwards, or stam the outside and read inwards. The
objectives are in the centre. Here the major gotd produce proteins to feed the breeder's
family. A secondary goal is to generate family imsothrough sales and employment.

The first circle around the centre shows factoas threctly affect achievement of the
objectives. Double arrows show how several fadtiesact at the same level. The second
circle contains a second series of factors. Thia jglaows represent the action of one factor
on another. The system considered here is onlpsystem, one component of a global
system of rural development and links with the mlgsre barely indicated in the diagram.

The programme is executed by a national organizalibis structure is responsible for
developing the work. Its task is to inform, createareness and provide training and
evaluation. Local backup is provided by regionataiwhich do the same job. The regional
units do not train the producers directly; theyritae technical people who are in touch with
the field. This decentralization is essential t® #ffectiveness of the whole and to avoid the
excessive growth of the organization that is tecdlhy responsible for the programme. The
regional units produce and multiply the breedingreas. They may also act as centres for
demonstration and experiment, where the animadstians to the production techniques and
the agroclimatic conditions they will meet outsttle centre can be tested.

This programme is one section of an integrated ldpweent programme. According to
circumstances it might embody such features asustmh of other animal species, agronomy,
horticulture, or perhaps home economics, hygierteoare renovations. Such integration
requires good coordination between the executieg@gand the other development
agencies: some technical, others more concernédsatio-economic work.

In practice, liaison is through the promoter respole for keeping the programme going. He
will have been given basic training in rabbit prodon at one of the regional production
centres. Preferably, he should have two years'retpee in rearing rabbits. His training will
also enable him to lead other programmes.

The sphere of action is the village community. Bbthese programmes off the ground at
least ten families have to join. This number makesagent's work more effective, promotes
interest in the community and makes mutual assistamore effective. It also makes it
unnecessary to include one male in each batclvefémales. The promoter can distribute a
number of males among the units and organize tiseir

The promoter must be in constant contact with dleallbranches of each organization
involved in the programme. Periodic reports wilable him to evaluate his work. Regional
experts can rapidly detect problems that come dphatp the promoter solve them. Feedback
is essential for the system to run smoothly.

The human factor is a very basic component ofghisronment. The promoter has a primary

role. It is he who arouses interest and enthusiasm,provides information and who guides
the rabbit breeders. He is both instructor and mesghe must not give up easily, but he must
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also be patient. He is largely responsible foriélvel of technical ability reached by the
farmers.

It is hard to modify agroclimatic factors, so thayst be exploited as much as possible. An
inventory of regional forage resources often rezgithe intervention of an agrobotanist.
Medicinal plants could be useful, for example. Wagsources will be the subject of a
separate study.

There is a great deal of interaction at this leVak reproduction rate adopted must be
decided on the basis of alternating seasons asdaitaording to forage resources. Where
fodder is abundant the production potential ofgpecies can be fully exploited. During
harder times, most of the animals will be eatetheyproducer's family. He will keep only the
future breeding animals. This extreme pattern a&pé&etl to regions where the dry season lasts
less than six months. Microclimate, locally avaiéaimaterials and available labour will also
determine the type of cage and shelter to be used.

FIGURE 54 Global analysis of a development prograramsing rabbits

s = Jtion of one factor on another
rj = Inleraction between two factors
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The socio-economic factors depend partly on otegebpment programmes. It is these that
determine any sales outlets for eventual meatsseglor by-products. Where there are
enough by-products a small industry can be launth@dovide a little work and generate
some income for the community.

The animal factor should not be overlooked. A systigc evaluation of local genetic types
will help to breed animals adapted to the locabalymatic complex. A policy of cross-
breeding to reinforce this adaptation to the emuiment and so upgrade productivity can be
tried. Selection should take place in an environmeitoo different from the area where the
producers work. In countries with several cleasfirted climatic zones, selection should be
done at the regional centres.

Rearing rabbits jointly with other animals suchdasnestic poultry (chicken, duck, turkey),
small ruminants, bees or fish is often the best teagxploit the resources available.

Large-scale production of quality breeding aninmsls difficult problem. One effective

solution is to establish a network of multiplicatioentres based around one or more selection
centres. Other solutions could be devised. Buthangtless than full control of such technical
parameters as feed quality, or climatic paramesiech as temperature, will lead to

productivity problems. It is therefore wise to lirthie size of these regional units to a few
hundred females at the start.

At the rural community level the promoter is resgibte for finding the best combination of
existing possibilities in the light of local coraitnts. There is probably no need to reiterate the
importance of the work of this person and the rteagach an understanding with the
community. Development programme success hingéowanwell the promoter has
understood their needs, expectations and motiv&ation

Programme evaluation should not be limited to gp@muantitative analysis. The standard
"amount of rabbit meat eaten monthly by each famgmber" is important, but far too
restrictive. An attempt should be made to evaltiaesocial impact and deep-seated
transformations from a programme such as this.U&@ln, like programme design and
follow-up, requires a multidisciplinary team. Thlsould include an agronomist, a livestock
expert, a sociologist and an economist, at the hearst.
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list of suppliers). Subscribe to: AFC CunicultuB® 50, 63370 Lempdes, France.

L'eleveur de lapingfive issues per year, average 270 pages). Sblesttri 35 rue Carnot, BP
1115, F-35014, Rennes Cedex, France.

Rivista di coniglicoltura(12 issues per year, average 500 pages). Subsoridea Emilia
Levante 31, 40139 Bologna, Italy.

World Rabbit ScienceJournal of the World Rabbit Science Associati@muffissues per year,
average 200 pages). Subscribe to: AFC, BP 50, 6B8ipdes, France.
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